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Abstract

Foliar application with calcium (Ca) fertilizers improves quality and flesh firmness of kiwifruit and
affects the mineral composition of leaves and fruits. The impact of preharvest foliar sprays, using a commercial
fertilizer with organic Ca content in combination with an integrated nutrient management (INM) fertilizers
and biostimulants was assessed for the quality properties and nutritional status of the kiwi cv. ‘Hayward’ over
a 2-year period. Fruit flesh firmness increased under all organic Ca applications. In addition, all treatments
resulted in elevated dry mass content, which is a common quality index. In leaves, the concentrations of N, P,
K and B were higher compared to control. In fruits, the concentrations of N, B, K and Ca increased, in contrast
to Mg, which was reduced. The content of Mn, Zn, Fe and Cu was not affected cither in leaves or fruits.
Application of organic Ca-fertilizers led to increased flesh firmness, total soluble solids, total acidity, and dry
mass percentage. Foliar application with the addition of the biostimulant THEOFAST resulted in the
clongation of stigmas area in kiwi cv. ‘Hayward’ fruits.
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Introduction

Kiwifruit is a deciduous vine, originated from southern China (Ferguson, 2011). It is recognized across
the world for its distinct flavour, which includes sweet and slightly acidic flesh, high nutritional value minerals
and beneficial metabolites, particularly the high ascorbic acid vitamin-C content (Jesion ez al., 2013).
Moreover, during the last years, there was a dynamic expansion and development of the cultivation, not only
in the European countries, but also in China and New Zealand (Williams ez 4/., 2003; Latocha ez /., 2021). In
2015 the kiwifruit yield and harvested area in China accounted for 52.7% and 69% of the global kiwifruit yield
and area (FAO, 2018). ‘Hayward’, is the most widely spread variety which is mainly cultivated in Greek
orchards. It is rich in vitamin C (Ferguson, 2011), carotenoids, phenolics, flavonoids, chlorophyll (Jesion ez al.,
2013), and minerals (Na, K, Ca, Mg, Mn, Fe, Cu, Zn) (Latocha ez al., 2021). Many different parameters affect
the quality and storage life of kiwifruit during cultivation; the most important factor affecting fruit quality is
the appropriate nutrition, which also contributes to a large extent to the fruit’s storage life (Williams ez 4/.,
2003).

The foliar analysis is a precious tool which could be used to improve the nutrient inputs of the orchard
and consequently improve the yield, conservation, and quality attributes of kiwi fruits. Fruit firmness is a
valuable fruit characteristic that determines post-harvest life. Previous research showed that the concentration
of mineral elements played a vital role in the firmness of kiwifruits at the time of harvest or at the end of storage
(Huang ez al., 2020).

A significant preharvest factor, aiming for the highest yield and fruit quality, is fertilization targeted to
fruit postharvest characteristics (Cassano ez al., 2006; Jesion ez al., 2013). Proper fertilization is essential to
establish fruit quality and thus increase market value. Although a balanced fertilization provides sturdy plants
and high yield of high-quality fruits, the excessive or imbalanced fertilization have detrimental effects (Pacheco
et al.,2008). The optimum combination of macro and micronutrients in a soluble form of fertilizers is the key
to produce high quality kiwifruits. However, the combined use of conventional, organic fertilizers and
biostimulants (the so-called integrated nutrient management; INM) represents a strategy that could sustain
high yields and limit undesirable impact (Selim, 2020; Gezahegn, 2021). Research in agriculture has developed
distinct groups of materials with innovative properties during the last twenty years in order to improve farming
and increase crop production. It is known that diverse fertilization strategies may differentially affect not only
plant growth and yield, butalso product quality (Kakar ez /., 2020). The INM fertilization treatment consisted
of commercial fertilizers, which were included polysaccharides, biostimulants, organic calcium and urea as
nitrogen source. Polysaccharide-based resources are enhancing fertilizer efficiency, they are non-toxic, water-
soluble, increase the availability of nutrients, play an important role in plant growth and development and are
suitable for agricultural applications without toxicity problems (Tripathi ez al., 2014; Chiaregato ez al., 2022).
Plant biostimulant is any material applied to plants, aiming to increase nutrients absorbance, abiotic stress
tolerance and/or crop quality characteristics, regardless of its nutrients content (Jardin, 2015).

Calcium is an essential plant nutrient required for structural roles in the cell wall and membranes, as a
counter cation for inorganic and organic anions in the vacuole, and as an intracellular messenger in the cytosol.
Therefore, it is a nutrient that improves the quality of kiwifruit, and the application of Ca fertilizers may
increase its use by the plant (Feng ez 4/., 2006). The significant positive correlation between Ca concentration
in the fruit and its flesh firmness, demonstrates the necessity to use foliar applications of calcium fertilizer
during the fruit growth. The foliar applications are effectively increasing fruit quality at the post-harvest stage
(Fenger al., 2006; Antunes et al., 2007; Vajari ¢t al., 2018). Calcium is responsible for the strength of cell wall,
the cell division, protecting the penetrability of the membrane which results in flesh firmness (Moras and
Nicolas, 1987; Mass ¢t al., 1994; White and Broadley, 2003; DeFreitas and Mitcham, 2012). The maturity of
kiwifruits is usually indicated by the flesh firmness and is considered the major postharvest physiological
property (DeFreitas and Mitcham, 2012; Madani ez /., 2015). Recently, 51 members of PG gene family in
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kiwifruit were identified; in addition, the activities of PG and PE were generally correlated with the pectin
content and firmness changes (Huang et al., 2020).

The aim of this research was to analyse the impact of an INM fertilization program containing an
organic calcium fertilizer, on fruit quality attributes and leaf and fruit nutritional status of the 'Hayward'
kiwifruit cultivar. This cultivar was chosen for experimentation, since it is the most common and economically
important one existing in kiwi orchards, producing high fruit quality.

Materials and Methods

Site, plant material and fertilizer treatments

The research was conducted for three consecutive years (2018, 2019 and 2020) in a commercial
kiwifruit (Aetinidia deliciosa (A. chev.) C.F. Liang et A.R. Ferguson var. deliciosa) orchard located in Naoussa
(northern Greece, long. 22° 04 00” E; lat. 40° 29’ 04 N; elevation 350 m). The vines of the cultivar ‘Hayward’
were 4 years old, planted ata spacing of 3.5 X 2.5 m apart and trained in a T-bar trellis planting system (Pomares
etal.,2015). The trees received standard horticultural practices regarding pruning and irrigation. Research was
conducted at industrial level with 13 pretreatments (in 2018) using several different commercial fertilizers and
biostimulants in an INM fertilization programme leading to the selection of best combination treatments for
the main experimentation in the next two consecutive years in 2019 and 2020. The cost of fertilizers in relation
to the results obtained in the end of the cultivation period were significant for the INM fertilization scheme
and the experimental design. These treatments and data are demonstrated in the Supplementary material
section of the article.

Soil samples from the experimental orchard were collected from a depth of 0-60 cm and analysed (Page
etal, 1982). The soil was characterized as clay loam, slightly alkaline (pH 7.7), with low electrical conductivity
(120 mS cm™), sufficient organic matter content (2.7%) and calcium carbonate content at 8.3%. The
concentrations of nutrients in the soil are shown in Table 1.

Table 1. Soil nutrient concentrations (mg kg*) of the experimental orchard
P K Ca Mg B Mn Zn Fe

25 311 1612 647 0.59 21 2.12 21.34

During the second year of the experimentation (2019), the initial fertilization was on May 20, applied
with root irrigation in all vines (10 L of solution per vine), with the following products: (1) THEORUN (%
w/wN 17,% w/w P 0, % w/w K 1.5, % w/w organic matter 3.2, polysaccharides, C/N 0.09); (2) THEOBORO
(% w/w B 8, % w/w Na 0.2, % w/w organic matter 2.9, C/N 11.2); (3) THEOZINC (% w/w Zn 10.5, % w/w
organic matter 0.16, C/N 0.31); (4) THEOMASS (% w/w organic matter 5.4); (‘Theofrastos’ Fertilizers,
Korinthos, Greece) and (5) Total soluble fertilizer 12-7-36 + 2 MgO + TE (4 kg t") (Haifa-group fertilizers).
Fertilizer doses for the initial stage of experiment are depicted in Table 2. Subsequently, five treatments
[Control - C (No fertilization), A1, A2, A3, A4] which contained THEOCAL (% w/w Ca 30; % w/w organic
matter 35%) in different concentrations, were initially applied at the stage of petals’ drop and then were
replicated at June 14, June 28, July 25 and August 20 and September 12 (about 1 month before harvest) using
both foliar applications and root application (Table 3). Control plants were selected in the experimental
orchard. The amount of fertilizer solution that was applied via root watering was 10L per vine. Fruits from all
treatments were harvested at the same time, at commercial maturity, and were transported directly to the
laboratory for analyses.

At the third year of experiment (2020), the first application of fertilization was the same for all vines
and contained the same fertilizers, as well as THEOFAST (% w/w organic matter 4.4), (‘Theofrastos’
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Fertilizers, Korinthos, Greece). THEOFAST was applied via foliar spray in doses that are depicted in Table 4.
Thereinafter, the followed treatments were based on different concentrations of THEOCAL (C, B1, B2, B3,
B4 and B5) and used the same pattern of applications as the experimental year of 2019, as illustrated in Table
5. All fertilizers among treatments were applied both with foliar spraying and root irrigation except of B4 and
B5 treatments that were applied only via root watering. All fertilizers mentioned above are used commercially.
Regarding THEOBORO, the maximum boron limits were considered in its formulation and the dose used is
safe for application of kiwifruits.

Table 2. Fertilizers doses for the initial stage of trees in 2019

Fertilizer Dose (L)
Theorun 3
Theoboro 1
Theozinc 1
Theomass 3

Table 3. Treatment application during the second year of experimentation (2019)

Treatment Fertiliger Dose (per 1900 L) for foliar Dose (per 1009 L) for root
application watering
Theorun 80L 30L
Theoboro 1.0L -
Al Theocal 20Kg 1.5Kg
Theomass 30L
Total soluble 12-7-36 + 2 5.0Kg 40Kg
MgO + TE
Theorun 80L 30L
Theoboro 1.0L
0k
A2 Theocal 20Kg 3.0kg
Theomass - 30L
Total soluble 12-7-36 + 2 5.0Kg 40Kg
MgO + TE
Theorun 80L 30L
Theoboro 1.0L -
A3 Theocal 4.0Kg 15Kg
Theomass - 30L
Total soluble 12-7-36 + 2 5.0Kg 40Kg
MgO + TE
Theorun 80L 30L
Theoboro 1.0L -
A4 Theocal 40Kg 3.0Kg
Theomass - 30L
Total soluble 12-7-36 + 2 5.0Kg 40Kg
MgO + TE
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Table 4. Fertilizer’s doses during the third year of application, before blooming (2020)

Dose (per 1000 L) for foliar

Fertilizers . Dose (per 1000 L) for root watering
application
Theorun 7.0L 04L
Theoboro 1.0L -
Theofast 50L -
Theomass - 30L
Theozinc 1.0Kg -
Theocal - 15Kg
Total soluble 1%1"]75 36 +2MgO + 5.0Kg 40Kg
Table 5. Treatment application during the third year of experimentation (2020)
S — Dose (per 100 L) for foliar Dose (per 1000 L) for
application root watering
Theorun 80L 30L
Theoboro 10L -
. Theocal 20Kg 30Kg
Theofast 50L -
Theomass - 30L
Total soluble 12-7-36 + 2 MgO + TE 50Kg 40Kg
Theorun 80L 30L
Theoboro 10L -
. Theocal 40Kg 30Kg
Theofast 50L -
Theomass - 30L
Total soluble 12-7-36 + 2 MgO + TE 50Kg 40Kg
Theorun 80L 30L
Theoboro 1.0L -
5 Theocal 60Kg 30Kg
Theofast 50L -
Theomass - 30L
Total soluble 12-7-36 + 2 MgO + TE 5.0Kg 40Kg
Theorun - 30L
Theoboro - -
B4 Theocal - 30Kg
Theomass - 30L
Total soluble 12-7-36 + 2 MgO + TE - 40Kg
Theorun - 30L
Theoboro - -
BS Theocal - 60Kg
Theomass - 30L
Total soluble 12-7-36 + 2 MgO + TE - 40Kg
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Fruit quality measurements

During harvest, 150 fruit samples were collected randomly from the five trees of each replication,
therefore 30 fruit per tree. Fruits were sampled at commercial maturity. Yield per tree was also measured for all
the experimental trees. In 50 fruits, the mean weight (g) as well as the flesh firmness (kg cm™), were measured
with an Effegi penetrometer with an 8-mm tip (Effegi Model FT 327, Alfonsine, Italy). Dry matter was
measured according to the method described by Schotsmans ez al. (2007). The fresh kiwifruits were peeled and
were crushed through a juice extractor. Soluble solids (%) were measured with an HI96800 Digital
Refractometer for Refractive Index and Brix (HANNA Insruments Inc., Woonsocket, RI, USA) and acidity
(% citric acid) was measured after titration with 0.IN NaOH (Ough and Amerine, 1988). The remaining one
hundred fruits of each treatment placed into a cooling chamber (+0.5 °C) for four months and the same quality
attributes determined after two and four months. Leaf samples were collected manually at midsummer August
7 for both years. Each leaf sample consisted of the third leaf past the final fruit on a fruiting lateral. All leaf

samples were initially washed once with tap water and then twice with distilled water.

Mineral analysis

Leaf samples were dried in a forced draft oven at 68 °C for 72 h and ground in a mill to pass a 30-mesh
screen. A portion of 0.5 g of the fine powder of each sample was dry-ashed in a muffle furnace at 515 °C, for 5
h. Then, the ash was dissolved with 3 mL of 6 N HC], diluted with double distilled water up to 50 mL, and the
concentrations of P, K, Ca, Mg, Fe, Mn, Zn, and Cu were determined by ICP (Perkin Elmer- Optical Emission
Spectrometer, OPTIMA 2100 DV) (Hansen ez /., 2013). Fruit samples for mineral analyses were collected at
harvest period. Nitrogen was determined by the method of Kjeldahl (Chapman and Pratt, 1961) and B by the
azomethine-H method (Wolf, 2008).

Statistics

The adopted experimental design was a randomized block with five replications of 4 treatments in 2019
and five treatments in 2020 (five vines per replication were used). Differences between means were evaluated
by using Duncan’s test (P < 0.05). Statistical analysis was performed using SPSS statistical package (SPSS
Statistics for Windows, Version 17.0. SPSS Inc.; 2008, Chicago, IL, USA).

Results and Discussion

Quality characteristics of kiwifruits showed that for all treatments the fruit weight and eventually yield
increased compared to control, in both years of experiments (Figures 1 and 2). In 2019, the highest mean fruit
weight and yield per tree were measured under A4, followed by A3, A2 and A1 treatments (Figure 1), while in
2020 for all treatments the fruit weight and eventually yield increased compared to the control (Figure 2; Figure
3). This is in accordance with the results of Zhang ez a/. (2020), who found that the application of inorganic
fertilizers significantly increased fruit yields, leaf number, leaf area and stem diameter; moreover, our data are
partially in accordance to the results of Liu ez /. (2020), who found that long-term organic fertilization in
kiwifruit orchards improved their productivity. Elongation of kiwi fruits at stigmas after an INM foliar
application with THEOFAST compared to control was observed (Figure 4).
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Figure 1. Effect of different organic Ca concentrations (THEOCAL) during an integrated nutrient
management (INM) programme with the commercial biostimulant THEOMASS, via foliar and root
application on kiwi cv. ‘Hayward’ cultivation. Presentation of quality characteristics of fruits in relation to
fruit firmness, soluble solids, total acidity, mean weight, dry mass and yield, comparing diferent organic Ca
treatments with the control for the cultivation period in 2019
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Figure 2. Effect of different organic Ca concentrations (THEOCAL) during an integrated nutrient
management (INM) programme with the additional commercial biostimulants THEOMASS and
THEOFAST, via foliar and root application on kiwi cv. ‘Hayward’ cultivation. Presentation of quality
characteristics of fruits in relation to fruit firmness, soluble solids, total acidity, mean weight, dry mass and
yield, comparing diferent organic Ca treatments with the control for the cultivation period in 2020
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Figure 3. Effect of different organic Ca concentrations (THEOCAL) during an integrated nutrient
management (INM) programme with biostimulants via foliar and root application on kiwi cv. ‘Hayward’
cultivation. Presentation of the best yield treatment and fruit characteristics compared to control, (A4)
cultivation period in 2019 without any biostimulator and (B2) cultivation period in 2020 with the
biostimulant THEOFAST
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A

Figure 4. Fruit characteristics of kiwi cv. ‘Hayward after foliar fertilization with the commercial
biostimulator THEOFAST during an integrated nutrient management (INM) programme. Elongation of
kiwi fruits at stigmas (arrow) after an INM foliar application with THEOFAST (B) compared to control
(A)

Soluble solids content of fruits increased, compared to control; however, no differences were found
among the different treatments and followed the same pattern in both years. The flesh firmness increased
compared to control and the highest values were found under A4 and A3 treatments in 2019 and B3 and B2
in 2020. The highest acidity was found in A2 and A3 treatments in 2019, while in 2020 it was found in B4
(Figures 1 and 2). Our findings are in accordance with the results of Sotiropoulos ez 4/. (2021) and Hashmatt
et al. (2019) for different varieties of kiwi vines. In addition, Zhang ¢z 4/. (2020) found that the combinational
application of inorganic and organic fertilization improved kiwifruit quality, as a result to improve fruit
chemical composition, such as soluble solids and reduced sugar. In our study, fruit quality improved by Ca
application at the stage of maturity as was also shown for peach by Sotiropoulos e a/. (2010). On the other
hand, Ca applications did not positively affect the flesh firmness in kiwifruits, due to the excessive Ca
concentration in soil (Scudellari 1998), and there was no correlation between Ca concentration in leaves and
fruit quality parameters in persimmon fruits (Vilhena ez 4/, 2002). The formulation of Ca and the timing of
application contribute to the quality characteristics of kiwifruits (Sotiropoulos ez 4/., 2021). The key factor for
Cauptake is the fruit growth. Regarding the content of dry mass in kiwifruits, which is a common quality index,
it was observed that all treatments had higher values compared to control, for both years (Figures 1 and 2). The
relative quantity of carbon in different parts of the vine is evaluated by dry weight measurements without
indicating the partitioning of photosynthates within the plant (Cassano ¢z 4., 2006).

From the data of Table 1 it is concluded that sufficient to high levels of soil nutrient concentrations
were determined. In addition, soil pH was alkaline (7.7), while sufficient levels of organic matter were
determined (2.7%). Similar results for the soil properties of Central Shaanxi province (the largest kiwifruit
producing region in the world), in China, were also found in the study of Wang ez a/. (2019). More specifically,
in that study, it was verified the calcareous origin of soils (pH 7.54), while approximately over a quarter of the
soils in that region were deficient in organic matter, which is partially in contrast to the data existing in our
study region, where the organic matter levels can be characterized as sufficient (2.7%).
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The results 0of 2019 showed that the concentrations of N, P, K and B in leaves were higher compared to
the control, without significant differences among the treatments (Table 6). On the other hand, the different
treatments did not affect Mg, Mn, Zn, Fe and Cu concentrations. Ca concentration in leaves was higher among
all treatments compared to control in two years (Tables 6 and 7). The highest value was recorded in A4
(A4>A3>A2>A1>C). In 2020, notable are the results of total N, the lowest values were found in treatments
applied only with root irrigation (B4 and B5) while the highest were observed in treatments applied with both
foliar and root irrigation (B1, B2 and B3) (Table 7). The available N in soil had an important effect on the N
fruit content. Xylem flux is negligible to Actinidia fruit after the cell division phase (Clark and Smith, 1992).
Nitrogen partitioning in the late stages of development depends almost solely to the phloem influx from the
leaves (Tagliavini ez al., 2000), which upon maturity contain important amounts of labelled nitrogen
(Ferguson, 1980). The absorption of minerals with foliar application happened via the cuticle (Schreiber,
2005). The differences among plants regarding the cuticle thickness and composition is the reason of the
different rates of absorption (Schreiber, 2005; Eichert and Coldbach, 2008). The type of anion salt, the number
of foliar applications and the stage of plant growth controls the effectiveness of foliar application (Val ez 4l.,
2008; Wojcik and Borowik, 2013; Fernandez ez 4/., 2020). Foliar and soil application of Ca chloride increased
the Ca content of ‘Golden delicious’ and ‘Bracburn’ apple varieties (Torres ez al., 2017). The nutrient range

values for kiwi leaves are in accordance with our findings (Taraksioglu et al., 2007).

Table 6. Effect of foliar sprays on nitrogen(N), phosphorous (P), potassium (K), calcium (Ca), magnesium
(Mg), boron (B), manganese (Mn), zinc (Zn), iron (Fe) and copper (Cu) concentration of kiwifruit cv.
‘Hayward’ leaves during 2019
Total N P K Ca Mg B Mn Zn Fe Cu
% d.w % d.w % d.w % d.w %dw |mgkg'dw|mgkg'dw|mgkg'dw|mgkg'dw | mgkg'dw
C 2.01£0.24b*|0.39+0.05 b| 1.7540.19 ¢ | 2.3140.29 ¢ | 0.60+0.07 a| 51+5.90b | 55+6.22a | 244+2.92a | 8549.2a 8+0.98a
Al 2.5940.29 2| 0.52+0.06 2| 2.4140.32 a|2.85+0.33d| 0.58+0.06 a| 72+8.13a | 52+6.03a | 22+2.41a | 87+9.6a 8+1.01a
A2 2.6340.30 2| 0.55+0.06 a [2.26+0.30 ab| 3.19+£0.35 ¢ | 0.56+0.06 a| 75+8.62a | 57+6.61a | 25+3.06a | 89+10.2a | 740.94a
A3 2.6840.32a(0.5740.07 a [2.29+0.34 ab| 3.70+0.41b | 0.63+0.07 a| 78+9.17a | 56+6.25a | 26+3.25a | 854+9.5a 8+1.02a
A4 2.70+0.312|0.55+0.06 a [2.15+0.29 ab| 3.97+0.46 a | 0.61+0.08 a| 75+8.24a | 53+6.90a | 24+2.82a | 89+104a | 7+0.89a
*No significant difference in mean values (+ SD) with the same letter in the same column (Duncan’s multiple range
test, P< 0.05)

Treatment

Table 7. Effect of foliar sprays on nitrogen(N), phosphorous (P), potassium (K), calcium (Ca), magnesium
(Mg), boron (B), manganese (Mn), zinc (Zn), iron (Fe) and copper (Cu) concentration of kiwifruit cv.
‘Hayward’ leaves during 2020

Total N% P K Ca Mg B Mn Zn Fe Cu

-1 -1 1
dw % d.w % d.w % d.w % d.w mgl;g mgl:vg mgl;g mgkg'dw| mgkg'dw

C 2.08+0.24c | 0.50+0.07b | 1.774£0.19d |3.1940.38d| 0.75£0.09a |48+5.6b|48+53b|25+2.9b| 75+8.4b 7409 b
Bl 3.3840.41a | 0.5540.07ab | 2.66+0.29a [4.61+0.52c| 0.76£0.09a |72+8.4a|50+5.7a|28+3.1a| 85+9.2a 8+1.2ab
B2 3.31+0.38a | 0.59+0.08a | 2.43+0.26b |4.824+0.55b| 0.70+0.08 ab | 75+8.4a | 53+5.9a|25+2.8b| 87+9.7a 8+1.4ab
B3 3.26+0.36a | 0.56+0.06a | 2.20+0.26c¢ |4.9430.55a| 0.56+0.07 b |74+8.6a|52+6.1a|30+3.7a | 89+10.7a 9+1.5a
B4 273+0.32b | 0.57+£0.07a | 2.60+0.30a |4.6940.53 c| 0.72+0.09a |50£5.9b |49+5.7 ab|27+3.4ab| 86+10.4a 7+1.0b
BS 2.66£0.30b | 0.54+0.06ab | 2.4140.27 b |4.86+0.58 b| 0.65+0.08 ab | 47+5.4b [ 48+5.3b | 264+3.2b|83+10.8ab| 8+1.1ab

*No significant difference in mean values (+ SD) with the same letter in the same column (Duncan’s multiple range

test, P< 0.05)

Treatment|

From all the results presented in the Tables 6 and 7, it is concluded that, with the exception of N (its
optimum range of adequacy should be from 2.30 to 3.0%), K in the control, which was 1.75% (the optimum
range of foliar K should vary from 2.0 to 3.0%) and the Mn levels in the control and B5 for the year 2020 (their
levels were below 50 mg kg'), all the other nutrients concentrations were determined within the optimum
levels of adequacy for good agronomic yields. Our data are partially in disagreement with those of Wang ez al.
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(2019), who found that more than 65% of the kiwi orchards analysed were deficient in leaf N, P and K
concentrations, implying low N, P and K efficiency in the Central Shaanxi region, China. From this
comparison between our study area (Naoussa, Central Macedonia, Northern Greece) and that of Central
Shaanxi, in China, it can be concluded that low efficiency exists only for N and K, in the control plots (Tables
8and9).Inall the other (A and B) plots normal levels of nutrient adequacy were determined, thus high nutrient
efficiency exist.

Table 8. Effect of foliar sprays on nitrogen(N), phosphorous (P), potassium (K), calcium (Ca), magnesium
(Mg), boron (B), manganese (Mn), zinc (Zn), iron (Fe) and copper (Cu) concentration of kiwifruits cv.
‘Hayward’ during cultivation in 2020

TorlN% | P K Ca Mg B Mn Zn Fe Ca

it
dw % d.w % d.w % d.w %dw |mgkg'dw| mgkg!dw| mgkg!dw m‘gil:vg mgkg! d.w

C 1.1440.14 b* 0.62+0.08 a| 1.48+0.18 ¢ |0.20+0.03d|0.13+0.02 a| 14+0.18 b 6+0.9a 7+09a |14+0.18a| 5+0.8a
Al 1.3240.162|0.64+0.09 a| 2.03+0.25a |0.29+0.04c| 0.12+0.02a | 18+0.20 a 5+£0.7a 7+1.0a |13+0.16a| 440.6a
A2 1.33+0.17 2| 0.65+0.09 a| 1.75+0.21ab |0.37£0.05b|0.11+£0.01 a| 19+0.20 a 5+0.8a 740.9a |13£0.15a] 5+0.8a
A3 1.3540.192|0.63£0.10 a| 1.78+0.23 ab [0.394£0.05b|0.1240.02 a| 20+0.25a 5+09a 6+0.8a [13+0.16a| 5+09a
A4 1.374£0.202|0.5940.09 a| 1.64+0.19b [0.48+0.07a|0.11+0.01 a| 18+0.21a 5+0.8a 6+09a [1240.15a| 440.7a

*No significant difference in mean values (+ SD) with the same letter in the same column (Duncan’s multiple range

test, P<0.05).

Treatment

Table 9. Effect of foliar sprays on nitrogen(N), phosphorous (P), potassium (K), calcium (Ca), magnesium
(Mg), boron (B), manganese (Mn), zinc (Zn), iron (Fe) and copper (Cu) concentration of kiwifruits cv.
‘Hayward’ during cultivation in 2020

Treatment L P K Ca Mg mglicg" m:il:lg" ng lr:g" mgF l:g" m;: l:lg"
dw % d.w % d.w % d.w % d.w
d.w dw d.w dw d.w
C 0.97+0.11c| 0.49+0.58a | 1.49+0.19b | 0.19+£0.02¢c | 0.20+0.03a | 11+1.4b| 6+0.8a | 8+1.0a | 15+1.9a| 7+09a
Bl 1.36+0.18 a| 0.54+0.61a | 1.75+0.25a | 0.35+£0.04ab | 0.16+0.02ab | 1742.2a | 6+0.9a | 11+14a | 19+2.4a| 8+1.1a
B2 1.3440.18 a| 0.50+0.68a | 1.71+0.24ab | 0.39+£0.05ab | 0.14+£0.02b | 1942.5a | 5+0.8a | 9+1.1a | 17+2.3a| 7+0.8a
B3 1.30+0.16a| 0.49+0.57a | 1.60+0.21ab | 0.46+0.07a | 0.12+0.02b | 18+2.6a| 6+0.8a | 10+1.5a| 19+2.6a | 8+1.2a
B4 1.1840.22b| 0.54+ 0.63a | 1.80+0.24a | 0.32+0.05b | 0.16+0.02ab | 19+2.8a | 6+09a | 9+1.3a | 18+2.4a| 7+l.1a
B5 1.20£0.26b| 0.524+0.62a | 1.66+0.20ab | 0.44+0.05a | 0.13+0.01b | 18+2.4a | 7+1.0a | 10+1.2a| 1942.7a| 7%1.0a

*No significant difference in mean values (+ SD) with the same letter in the same column (Duncan’s multiple range

test, P< 0.05)

Regarding the analysis in kiwifruits, the concentrations of N and B increased compared to control and
no significant differences were recorded among the different treatments (Table 8). The concentrations of P,
Mg, Mn, Zn, Fe and Cu did not show any differences among treatments. Potassium and Ca concentrations in
kiwifruits were significantly higher in all treatments compared to the control. The highest value of K
concentration was found in Al treatment while the highest Ca concentration was observed in A4 treatment
(Table 8). In treatments which had a higher proportion of Ca, a decreasing trend of K concentration was
observed due to the antagonism of K and Ca. Therefore, treatments that contained Ca contributed to the
increase of its concentration and consistency of kiwifruits. A similar pattern was observed in the results of 2020
measurements except of Mg concentration that was higher in control (Table 9) due to the antagonistic effect
of Ca to Mgand vice versa (Paiva ez a/., 1998).

During fruit growth nutrient accumulation varies, reducing the Ca content of the fruit after 2 months.
Nitrogen, phosphorous and magnesium did not follow this pattern. In this study, foliar sprays with fertilizer
containing organic Ca increased the concentrations of Ca in leaves and agreed with the results of “T'sechelidis’
cultivar (Koutinas ez a/., 2010). The boron concentration of leaves increased with the highest application of Ca
fertilizer. Boron plays a cooperative role with Ca in the construction of the plant cell wall (Yamaguchi ez 4/,
1986). Calcium and B applications did not affect the total content of soluble solids, but they reduced the
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accumulation of boron and increased the fruit calcium content (Xu ez al.,, 2015). The higher levels of Ca in

fruit tissue of two varieties of pears were observed to delay fruit softening (Allegra ez 4/., 2022).

Conclusions

A balanced fertilization program enriched with fertilizers containing Ca produced high added value
fruits. The organic Ca-fertilizer THEOCAL' resulted in increased flesh firmness, total soluble solids, and dry
mass percentage. Additionally, the high Ca concentration in kiwifruits offers post-harvest perseverance. The
optimum concentration of THEOCAL’ was 2-4 Kg/t"' per ha and this product could be applied as foliar sprays
during the growing season starting from fruit set up to prior to harvest. Biostimulants have a positive effect to
kiwi cv. ‘Hayward’ cultivation. Foliar application with THEOFAST resulted to the elongation of the stigmas
area in kiwi fruits.

Authors’ Contributions

Conceptualization: T.S. and G. T.; Methodology: T.S. and G.T.; Software, O.D.; Validation, LM., T S.
N.K. and T.C,; Formal Analysis, LM. and T.C.; Investigation, T.S., LM. and G.T; Resources, T.S. and N.K;
Data Curation, T.C and I.M.; Writing—original draft preparation: T.S. and O.D.; Writing—review and
editing: T.S., G.T. and T.C.; Visualization: T.S.; Supervision: T.S.; Project administration: T.S. and G.T. All
authors read and approved the final submitted manuscript.

Ethical approval (for researches involving animals or humans)

Not applicable.

Acknowledgements

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Allegra A, Inglese P, Guccione E, Farina V, Sortino G (2022). Calcium ascorbate coating improves postharvest quality and
storability of fresh-cut slices of Coscia and Abate Fétel pears (Pyrus communis L.). Horticulturae 8:227.
bttps://doi.org/10.3390/horticulturae8030227

Antunes MDC, Neves N, Curado S, Rudrigues F, Franco J, Panagopoulos T (2007). The effects of calcium applications
on  kiwifruit = quality  preservation  during  storage.  Acta  Horticulturae  753:727-732.
https://doi.org/10.17660/ActaHortic.2007.753.95

13



Sotiropoulos T e al. (2023). Not Bot Horti Agrobo 51(2):13109

Cassano A, Figoli A, Tagarelli A, Sindona G, Drioli E (2006). Integrated membrane process for the production of highly
nutritional kiwifruit juice. Desalination 189:21-30. hzzps://doi.org/10.101 6/;.desal.2005.06.009

Chapman HD, Pratt PF (1961). Methods of analysis for soils, plants and waters. Division of Agricultural Sciences,
University of California: Riverside, CA, USA, pp 309.

Chiaregato CG, Franga D, Messa L, Santos Pereira T, Faez R (2022). A review of advances over 20 years on polysaccharide-
based polymers applied as enhanced efficiency fertilizers. Carbohydrate Polymers 279:119014.
https://doi.org/10.1016/j.carbpol.2021.119014

Clark CJ, Smith GS (1992). Seasonal dynamics of biomass and mineral nutrient partitioning in mature kiwifruit vines.
Annals of Botany 70: 229-237.

De Freitas ST, Mitcham EJ (2012). Factors involved in fruit calcium deficiency disorders. Horticultural Reviews 40 :107-
146.

Eichert T, Goldbach HE (2008). Equivalent pore radii of hydrophilic foliar uptake routes in stomatous and astomatous
leaf  sur-faces—further evidence for a stomatal pathway. Physiologia Plantarum 132:491-
S02. hutps://doi.org/10.1111/.1399-3054.2007.01023.x

FAO (2018). Retrieved 2023 February 20* from: wwuw.fao.org#faosta/en/#dataQCL

FengJ, Maguire KM, MacKay BR (2006). Discrimination batches of Hayward kiwifruit for storage potential. Postharvest
Biology and Technology 41:128-134. https://doi.org/10.1016/;.postharvbio.2006.03.010

Ferguson AR (2011). Kiwifruit: Evolution of a crop. Acta Horticulturae 91:31-42.

Ferguson IB (1980). The uptake and transport of calcium in the fruit tree. Acta Horticulturae 92:183-192.
bttps://doi.org/10.17660/ActaHortic.1980.92.21

Fernindez V, Pimentel C, Bahamonde, HA (2020). Salt hydration and drop drying of two model calcium salts:
Implications for foliar nutrient absorption and deposition. Journal of Plant Nutrition and Soil Science 183:592-
GOL. https://doi.org/10.1002/jpln. 202000168

Gezahegn AM (2021). Role of integrated nutrient management for sustainable maize production. International Journal
of Agronomy 9982884. hrtps://doi.ong/10.1155/2021/9982884

Hansen TH, De Bang TC, Laursen KH, Pedas P, Husted S, Schjoerring JK (2013). Multielement plant tissue analysis
using ICP spectrometry. In: Maathuis F (Ed). Plant mineral nutrients. Methods in Molecular Biology (Methods
and Protocols); Humana Press: Totowa, NJ, Volume 953.

Hashmatt .M, Morton AR, Heyes JA, Armour D, Lowe T, Black M, Kerckhoffs LHJ (2019). Effect of pre-harvest foliar
calcium application on fruit quality in gold 3 kiwifruit. Acta Horticulturae 1253:327-334.

Huang W, Chen M, Zhao T, Han F, Zhang Q, Liu X, Jiang C, Zhong C (2020). Genome-wide identification and
expression analysis of polygalacturonase gene family in kiwifruit (Actinidia chinensis) during fruit softening. Plants
9:327. https://doi.org/10.3390/plants 9030327

Jardin P (2015). Plant biostimulants: Definition, concept, main categories and regulation. Scientia Horticulturae 196:3-
14. https://doi.org/10.1016/j.scienta.2015.09.021

Jesion I, Leontowicz M, Leontowicz H, Gralak M, Park YS, Grinstein S (2013). The influence of Hayward kiwi fruit
(Actinidia deliciosa) from organic and conventional cultivations on the content of some trace elements in the rat
kidneys and assessment of copper, manganese and zinc bioavailability. Environmental Protection and Natural
Resources 4:51-54. https://doi.org/10.2478/0szn-2013-0044

Kakar K, Xuan TD, Noori Z, Aryan S, Gulab G (2020). Effects of organic and inorganic fertilizer application on growth,
yield, and grain quality of rice. Agriculture 10:544. hetps://doi.org/10.3390/agriculturel 0110544

Koutinas N, Sotiropoulos T, Petridis A, Almaliotis D, Deligeorgis E, Therios I, Voulgarakis N (2010). Effects of
preharvest calcium foliar sprays on several fruit quality attributes and nutritional status of the kiwifruit cultivar
“Tsechelidis’. HortScience 45:984987. https://doi.org/10.21273/HORTSCL.45.6.984

Latocha P, Debersaques F, Hale I (2021). Actinidia arguta (Kiwiberry): Botany, production, genetics, nutritional value,
and postharvest handling. Horticultural Reviews 48:37-151.

LiuZ, Guo Q,FengZ,LiuZ,Li H, Sun Y, Liu C, Lai H (2020). Long-term organic fertilization improves the productivity
of kiwifruit (Actinidia chinensis Planch.) through increasing rhizosphere microbial diversity and network

complexity. Applied Soil Ecology 147:103426. https://doi.org/10.1016/j.aps0il.2019.103426

14



Sotiropoulos T e al. (2023). Not Bot Horti Agrobo 51(2):13109

Madani B, Wall M, Mirshekari A, Bah A, Muda Mohamed MT (2015). Influence of calcium foliar fertilization on plant
growth, nutrient concentrations, and fruit quality of papaya. HortTechnology 25:496-504.
hittps://doi.org/10.21273/HORTTECH.25.4.496

Mass M, Vander P, Bootsma ] (1994). Grondsoort bepaalt succes van calcium fertigate (Soil type determines success of
calcium fertigation). In: Proceedings of Fruitteelt, Den Haag, the Netherlands 84:14-45.

Moras P, Nicolas J (1987). Kiwifruit storage: influence of several post-harvest factors and storage conditions on the shelf
life of the fruits. Inf Cent Tech Interporf Fruits Legumes 35:25-30.

Ough CS, Amerine MA (1988). Methods of analysis of musts and wines. John Wiley and Sons: New York USA.

Pacheco C, Calouro F, Vieira S, Santos F, Neves N, Curado F, Franco J, Rodrigues S, Antunes D (2008). Influence of
nitrogen and potassium on yield, fruit quality and mineral composition of kiwifruit. International Journal of
Energy and Environment 2:9-15.

Page AL, Miller RH, Keeney DR (1982). Methods of soil analysis. Madison, W1, USA. pp 431-436.

Paiva EAS, Sampaio RA, Martinez HEP (1998). Composition and quality of tomato fruit cultivated in nutrient solutions
containing  different  calcium  concentrations.  Journal ~of Plant  Nutrition = 21:2653-2661.
hitps://doi.org/10.1080/01904169809365595

Pomares F, Gris V, Albiach MR (2015). Fertilizacién. In: Badenes ML, Intrigliolo DS, Salvador A, Civera AV (Eds). El
Cultivo de Caqui; IVIA: Valencia, Spain pp 139-174.

Schotsmans WC, Mawson AJ, MacKay B (2007). Comparison of destructive and non-destructive (NIR) dry matter
determination for HORTI16A (ZESPRI™ GOLD) kiwifruit. Acta Horticulturae 753:283-288.
bttps://doi.org/10.17660/ActaHortic.2007.753.35

Schreiber L (2005). Polar paths of diffusion across plant cuticles: new evidence for an old hypothesis. Annals of Botany
95:1069-1073. https://doi.org/10.1093/a0b/mcil22

Scudellari D (1998). Effect of nitrogen and calcium fertilization on yield and quality of kiwi fruit fruits [Emilia Romagna].
Rivista di frutticoltura e di ortofloricoltura 59:61-69.

Selim MM (2020). Introduction to the integrated nutrient management strategies and their contribution to yield and soil
properties. International Journal of Agronomy 2821678. hetps://doi.ong/10.1155/2020/2821678

Sotiropoulos T, Therios I, Voulgarakis N (2010). Effect of various foliar sprays on some fruit quality attributes and leaf
nutritional status of the peach cultivar ‘Andross’. Journal of Plant Nutrition 33:471-484.
hitps://doi.org/10.1080/01904160903506225

Sotiropoulos T, Voulgarakis A, Karaiskos D, Chatzistathis T, Manthos I, Dichala O, Mpountla A (2021). Foliar calcium
fertilizers impact on several fruit quality characteristics and leaf and fruit nutritional status of the ‘Hayward’
kiwifruit cultivar. Agronomy 11:235. https://doi.org/10.3390/agronomy 11020235

Tagliavini M, Inglese P, Rombola AD (2000). Root uptake, storage and remobilisation of autumn applied nitrogen to
kiwifruit (Aetinidia deliciosa) vines. Agronomie 20:23-30. hitps://doi.org/10.1051/agro:2000106

Tarakcioglu D A, Askin T, Duran C (2007). Nutritional status in some kiwifruit (Actinidia deliciosa) orchards: a case
survey  from  Karadeniz  region in  Turkey. Journal of Plant  Sciences  2:187-194.
bttps://doi.org/10.3923/jps.2007.187.194

Torres E, Recasens I, Lordan J, Alegre S (2017). Combination of strategies to supply calcium and reduce bitter pit in
‘Golden Delicious’ apples. Scientia Horticulturae 217:179-88. https://doi.org/10.1016/j.scienta.2017.01.028

Tripathi D, Singh V, Chauhan D, Prasad S, Dubey N (2014). Role of macronutrients in plant growth and acclimation:
recent advances and future prospective. In: Ahmad P, Wani M, Azooz M, Phan Tran LS (Eds). Improvement of
crops in the era of climatic changes. Springer, New York. pp 197-216. https://doi.org/10.1007/978-1-4614-8824-
88

Vajari MA, Eshghi S, Fatahi Moghadam J (2018). Late-season foliar application of mineral compounds effects on
postharvest quality of Hayward kiwifruit. Scientia Horticulturae 232:95-107. https://doi.org/10.3233/JBR-
170271

Val ], Monge E, Risco D, Blanco A (2008). Effect of pre-harvest calcium sprays on calcium concentrations in the skin and
flesh of apples. Journal of Plant Nutrition 31:1889-1905. hzzps://doi.org/10.1080/01904160802402757

Vilhena NQ, Quifiones A, Rodriguez, I, Gil R, Ferndndez-Serrano P, Salvador A (2002). Leaf and fruit nutrient
concentration in Rojo Brillante persimmon grown under conventional and organic management, and its

correlation with fruit quality parameters. Agronomy 12:237. https://doi.org/10.3390/agronomy12020237

15



Sotiropoulos T e al. (2023). Not Bot Horti Agrobo 51(2):13109

Wang N, He H, Lacroix C, Morris C, Liu Z, Ma F (2019). Soil fertility, leaf nutrients and their relationship in kiwifruit
orchards of China’s central Shaanxi province. Soil Science and Plant Nutrition 65:369-376.
bttps://doi.org/10.1080/00380768.2019.1624481

White PJ, Broadley M (2003). Calcium in plants. Annals of Botany 92:487-511. https://doi.org/10.1093/a0b/mcgl 64

Williams MH, Boyd LM, McNeilage MA, MacRae EA, Ferguson AR, Beatson RA, Martin PJ (2003). Development and
commercialization of ‘Baby Kiwi’ Actinidia arguta Planch. Acta Horticulturae 610:8-16.
bttps://doi.org/10.17660/ActaHortic.2003.610.8

Wjcik P, Borowik M (2013). Influence of preharvest sprays of a mixture of calcium formate, calcium acetate, calcium
chloride and calcium nitrate on quality and Jonagold’ apple storability. Journal of Plant Nutrition 36:2023-2034.
bttps://doi.org/10.1080/01904167.2013.816730

Wolf B (2008). Improvement in the azomethine-H method for the determination of boron. Communications in Soil
Science and Plant Analysis 5:39-44. hrtps://doi.org/10.1080/00103627409366478

Xu WP, Wang L, Yang Q, Wei YH, Zhang CX, Wang SP (2015). Effect of calcium and boron on the quality of kiwifruit.
Acta Horticulturae 1096:317-320. https://doi.org/10.17660/ActaHortic.2015.1096.35

Yamaguchi T, Hara T, Sonoda Y (1986). Distribution of calcium and boron in the pectin fraction of tomato leaf cell wall.
Plant Cell Physiology 27:729-732.

Zhang M, Sun D, Niu Z, Yan J, Zhou X, Kang X (2020). Effects of combined organic/inorganic fertilizer application on
growth, photosynthetic characteristics, yield and fruit quality of Actinidia chinesis cv ‘Hongyang'. Global Ecology
and Conservation 22:1-9. hetps://doi.org/10.101 6/f.gecco.2020.¢00997

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN AcCEss| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any

other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.
BY © Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to

hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

16



