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Abstract. The effect of various commercial calcium (Ca) -containing products applied as
preharvest foliar sprays on several fruit quality attributes and nutritional status of the
kiwifruit cultivar Tsechelidis for a 2-year period is reported. Foliar application of all Ca
products plus boron did not affect mean fruit weight compared with the control. During
the first year, the highest flesh firmness was measured after application of the Ca-
containing products Acid CaLMg and Calfruit plus Qualyfruit. During the second year,
the highest flesh firmness was measured after application of the product Acid CaLMg. The
highest ascorbic acid content and total antioxidant power were recorded after application
of the product Chelan CaP. Foliar application of Power-Ca resulted in an increase of Ca
concentration of leaves compared with the control for the first year. During the second
year, all Ca-containing products increased Ca concentration of leaves compared with the
control. Foliar application of Calfruit plus Qualyfruit, Chelan CaP, Power Ca, and Acid
CaLMg resulted in an increase of Ca concentration of fruits compared with the control.
The efficacy of the foliar sprays on some of the tested parameters varied from year to year
indicating the influence of other parameters on vine nutrition.

Calcium (Ca) is an important nutrient
associated with fruit quality in kiwifruit. Con-
siderable attention has been given to Ca appli-
cation to kiwiftuit since it was found to prolong
storability (Basiouny and Basiouny, 2000).
Greater Ca contents in fruit may maintain
membrane permeability and slow the ripening
process during storage (Poovaiah, 1979). Cicco
et al. (2007) reported that kiwifruit firmness
throughout the postharvest period could be
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linked with Ca content. Kiwifruits sprayed
before harvest with CaCl, solutions exhibited
lower softening rates compared with the
controls at both 20 and 0 °C storage tem-
peratures and their quality was maintained
(Gerasopoulos et al., 1996). The role of Ca on
the maintenance of cell membrane integrity
and its cooperative role with boron (B) in the
building of the plant cell wall is well docu-
mented (Yamaguchi et al., 1986). Although
not all impacts of Ca on fruit quality appear to
be positive, it is clear that Ca formulations,
their rate, and timing of application affect the
efficacy of Ca on several fruit quality attri-
butes (Sotiropoulos et al., 2010).

The scope of the present research was to
investigate the effect of various Ca-containing
commercial products applied as foliar sprays
on several fruit quality attributes and nutritional
status of the kiwifruit cultivar Tsechelidis.

Materials and Methods

The research was conducted in a commer-
cial kiwifruit [Actinidia deliciosa (A. chev.)
C.F. Liang et A.R. Ferguson var. deliciosa]
orchard in northern Greece. The vines of the
cultivar Tsechelidis (Sotiropoulos et al., 2009)
were 4 years old planted at a spacing4 x 3.5 m
and trained in a T-bar trellis system.

Soil samples from the experimental orchard
were collected from a depth of 0 to 60 cm and
analyzed (Page et al., 1982). The soil was
characterized as sandy loam, slightly alkaline
(pH 7.66), with low electrical conductivity
(0.61 mS-cm™"), high organic matter content
(2.93%), and average calcium carbonate con-
tent (13.2%). Concerning nutrients in the soil,
their concentrations were (mg-kg'): phospho-
rus 45.4, potassium 310, Ca 413, magnesium
21, B 0.6, manganese 12.5, zinc 1.58, and iron
20.8. Fertilization of the orchard was per-
formed using soil and leaf analyses data. Three
foliar sprays (with 10-d intervals) were applied
by a hand sprayer starting at the beginning of
June with the following products: 1) Calfruit
(liquid calcium chloride, Ca 8.6%) plus Qualy-
fruit [amino acids 15%, total nitrogen (N) 6%,
organic N 3%, organic matter 20%] (AMC
Chemicals and Trichodex S.A., Andalusia,
Spain); 2) Power-Ca (Ca 14%), (Nature S.A.,
Nea Efessos, Greece); 3) Profical [Ca 11%,
magnesium (Mg) 3%, amino acids 12%] (Na-
ture S.A.); 4) Chelan Ca-P [Ca 13%, phospho-
rus (P) 2.2%, N 12%] (Nature S.A.); 5)
Basfoliar Combi Stipp [Ca 10.7%, N 9%, Mg
0.6%, B 0.2%, manganese (Mn) 0.4%, zinc
(Zn) 0.01%] (Compo Hellas S.A., Athens,
Greece); 6) Acid CaLMg (Ca 4.3%, Mg
1.2%, N 6%) (AMC Chemicals and Trichodex
S.A., Andalusia, Spain); and 7) control (water
sprayed).

The rates used were based on the sugges-
tion of the producer industries: Power Ca,
Profical, Basfoliar Combi Stipp at a rate of
3 L-t"!, Chelan Ca-P atarate of 2.5 L-t"', Acid
Cal.Mg at a rate of 2 L-t'!, and Calfruit at
arate of 2.5 L-t ! plus Qualyfruit 1 L-t'. In all
treatments, B (Power 7-B) (10% B) (Farma
Chem S.A., Thessaloniki, Greece) was also
added at a rate of 1 L-t'. The addition of B
was justified by its cooperative role with
Ca in the building of the plant cell wall
(Yamaguchi et al., 1986). A surfactant was
also added in all treatments (shinulin: ethoxy-
lated isodecyl alcohol; 0.3 L+t '; Farma Chem
S.A.). Leaf samples were collected at mid-
summer (20 July). Each leaf sample consisted
of the third leaf past the final fruit on a lateral
shoot. Fruit flesh analysis was carried out
from samples taken at harvest. All samples
were initially washed once with tap water and
twice with distilled water. 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.
N was determined by the Kjeldahl procedure,
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B by the azomethine-H method (Wolf, 1974),
P by the ammonium phosphovanadomolyb-
date method (Jackson, 1969), and potassium
(K), Ca, Mg, iron (Fe), Mn, and Zn by atomic
absorption spectroscopy (Perkin-Elmer Model
2380, Wellesley, MA). Fruit samples (20 per
replication) were collected mid-October (har-
vest period; ~3.5 months after the last spray).
The following measurements were taken:
mean fruit weight, flesh firmness (measured
by an Effegi penetrometer 8-mm tip; Effegi,
Milan, Italy), total soluble solids (measured
with the Atago PR-1 electronic refractometer;
Atago Co., Ltd., Tokyo, Japan), total titratable
acidity [after titration with 0.1 N sodium hy-
droxide (NaOH)], and ascorbic acid (mg/100 g
fresh weight) by oxalic acid (1%) as described
by Koukourikou-Petridou et al. (2007). In
addition, ferric-reducing antioxidant power
(Benzie and Strain, 1996) and total phenols
(Singleton et al., 1999) were determined.
The experiment was conducted and re-
peated for 2 years. The adopted experimental
design was a randomized block with five
replications of seven treatments (eight vines
per replication were used). Differences be-
tween means were evaluated by using the
Duncan’s multiple range test at P = 0.05.

Results and Discussion

None of the studied Ca products plus B
affected mean fruit weight compared with the
control for the 2 years (Table 1). During the
first year, higher flesh firmness was measured
after application of Acid CaLMg and Calfruit
plus Qualyfruit (Table 1). During the second
year, the highest flesh firmness was measured
after application of Acid CaLMg (Table 1). In
another experiment, kiwifruit plants (cv. Hay-
ward) were sprayed up to three times during
fruit development with CaCl, (Gerasopoulos
et al., 1996). Fruit firmness and acidity were
increased, and soluble solids decreased after
Ca sprays. Cicco et al. (2007) reported that
fruit firmness throughout the postharvest pe-
riod could be related to the Ca content of
fruits. Low Ca concentrations in fruits have
generally been found to accelerate the ripen-
ing process by stimulating the production of
ethylene and by increasing the activity of
enzymes, which are responsible for softening
of the tissues (Poovaiah, 1979). Furthermore,
a direct inhibitory effect of Ca on polygalac-
turonase was revealed (Cicco et al., 2007).

None of the studied Ca products signifi-
cantly altered total soluble solids (both years)

and acidity (second year) (Table 1). How-
ever, for the first year, the highest acidity was
measured after application of Chelan CaP.
Furthermore, the highest ascorbic acid con-
centration was measured after application of
Chelan CaP. Total antioxidant power was
higher after application of Chelan CaP than
with Profical and Basfoliar combi stipp. Total
phenols were higher after application of
Power Ca, Chelan CaP, and the control treat-
ment than with Profical, Basfoliar combi
stipp, or Calfruit plus Qualyfruit (Table 1).
A two-way analysis (including the year ef-
fect) on the effect of the fertilizers on fruit
quality attributes revealed that only for fruit
firmness were both main effects (year, fertil-
izer) significant (P < 0.01 and P < 0.01, re-
spectively) as well as their interaction (P <
0.05).

Nitrogen, P, Mg, Fe, Mn, and Zn concen-
trations of leaves were unaffected by the foliar
sprays for both years (Table 2). Inclusion of
Power 7-B in the sprays resulted in an increase
of B concentrations of leaves compared with
the control for both years (Table 2). Foliar
application of Power-Ca resulted in an in-
crease of Ca concentration of leaves compared
with the control for the first year (Table 2).

Table 1. Kiwifruit weight, fruit firmness, total soluble solids, total titratable acidity, ascorbic acid, total antioxidant power, and total phenols during harvest.

Mean Fruit Total Total antioxidant power Total phenols
fruit firmness  Total soluble titratable acidity Ascorbic acid (umol ascorbic acid (mg gallic acid
Treatments wt(g) (kgrem™?) solids (°Brix) (% citric acid)  (mg/100 g fresh wt)  equivalent/g fresh wt)  equivalent/g fresh wt)
First year
Power Ca 141.1a> 7.21bc 7.30 a 2.40 ab 86.70 b 11.14 ab 24.50 a
Profical 137.7a  7.12c¢ 728 a 237b 81.30 ¢ 10.70 be 22.00b
Basfoliar Combi Stipp 136.9 a 7270 723 a 232D 80.50 ¢ 10.40 ¢ 21.50 b
Chelan CaP 138.7a  727b 722 a 247 a 91.35a 1120 a 2430 a
Calfruit + Qualyfruit 1393a 755a 729 a 2.35b 84.90 b 11.00 ab 22.48b
Acid CaLMg 137.7a 749 a 722a 230b 85.20b 11.10 ab 23.30 ab
Control 139.8a  7.05d 723 a 231b 85.00 b 11.00 ab 2420 a
Second year
Power Ca 1378 a 6.58 b 7.03 a 227a
Profical 136.5a 6.47b 7.05 a 220 a
Basfoliar Combi Stipp 134.5a 6.63 b 7.00 a 2.18 a
Chelan CaP 137.6 a 6.52b 6.98 a 2.18a
Calfruit + Qualyfruit 137.2a  6.66b 7.08 a 227 a
Acid CaLMg 139.6 a 733 a 6.96 a 224 a
Control 136.6 a 6.43b 7.01a 222a

“Means followed by the same letter in the same column for each year are not significantly different (Duncan’s multiple range test, P = 0.05).

Table 2. Effect of foliar sprays on nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), boron (B), manganese (Mn), zinc (Zn), and iron
(Fe) concentration of the kiwifruit leaves during the 2 years of the experiment.

N P K Ca Mg B Mn Zn Fe
(mg-g" (mg-g (mg-g’ (mg-g (mg-g" (ugg (ugg” (ugg” (ugg
Treatments dry wt) dry wt) dry wt) dry wt) dry wt) dry wt) dry wt) dry wt) dry wt)
First year
Power Ca 2.03 a* 0.16 a 149 a 3.65a 0.64 a 38a 43 a 2l a 104 a
Profical 1.99 a 0.18 a 131c¢ 328¢ 0.68 a 41 a 46 a 2l a 101 a
Basfoliar Combi Stipp 2.07a 0.19 a 1.26 ¢ 3.34bc 0.64 a 40 a 4l a 20 a 103 a
Chelan CaP 2.05a 0.19a 1.44 ab 3.50 ab 0.65a 41 a 46 a 2l a 105 a
Calfruit + Qualyfruit 2.07 a 0.18 a 1.59 a 3.44b 0.62 a 39a 42 a 20 a 104 a
Acid CaLMg 2.04a 0.17 a 1.43 ab 3.51 ab 0.63 a 38a 4l a 2l a 102 a
Control 2.00 a 0.17a 1.58a 331 be 0.65a 30b 44 a 20 a 102 a
Second year
Power Ca 1.82a 0.18 a 1.71b 438 a 0.71 a 38a 40 a 20 a 105 a
Profical 1.81a 0.17 a 1.62 be 435a 0.64 a 37a 37a 22 a 102 a
Basfoliar Combi Stipp 1.86 a 0.18 a 1.57 ¢ 4250 0.69 a 40 a 40 a 22a 102 a
Chelan CaP 1.83a 0.17a 1.68 b 430D 0.64 a 41 a 38a 2l a 110 a
Calfruit + Qualyfruit 1.75a 0.17a 1.81a 4260 0.68 a 38a 42 a 23 a 103 a
Acid CaLMg 1.79 a 0.16 a 1.61 be 446 a 0.65 a 39a 39a 2l a 107 a
Control 1.82a 0.18 a 1.76 ab 4.01 ¢ 0.71 a 28 b 40 a 22 a 103 a
“Means followed by the same letter in the same column for each year are not significantly different (Duncan’s multiple range test, P = 0.05).
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Table 3. Effect of the foliar sprays on nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), boron (B), manganese (Mn), zinc (Zn), and
iron (Fe) concentration of the fruits during harvest of the first year of the experiment.

N P K Ca Mg B Mn Zn Fe

(mg-g (mgg™ (mg-g (mg-g”! (mg-g” (hgg! (hgg! (hgg” (hgg!
Treatments dry wt) dry wt) dry wt) dry wt) dry wt) dry wt) dry wt) dry wt) dry wt)
Power Ca 0.95 a* 0.11a 143 ¢ 0.40 a 020a 38a 3a 8a 18a
Profical 1.00 a 0.11a 1.53 ab 034D 0.17 a 40 a Ja 9a 17 a
Basfoliar Combi Stipp 0.99 a 0.12 a 141c 0.38 ab 0.17 a 39a 4a 8a 16 a
Chelan CaP 0.94 a 0.12 a 144 c 0.40 a 0.19 a 40 a 3a 9a 17a
Calfruit + Qualyfruit 0.96 a 0.12a 1.59a 042a 020 a 37a Ja 9a 18a
Acid CaLMg 0.97 a 0.11a 1.50 b 0.40 a 0.19 a 37a 3a 8a 17 a
Control 1.00 a 0.12 a 1.55a 0.32b 0.18 a 25b 4a 9a 16 a

“Means followed by the same letter in the same column are not significantly different (Duncan’s multiple range test, P = 0.05).

The higher eftectiveness of Power-Ca may be
mainly the result of its formula, which con-
tains Ca complexed with sugar polyalcohols
facilitating the transportation of Ca within the
plant. During the second year, all Ca products
increased Ca concentration of leaves com-
pared with the control (Table 2). However,
higher leaf Ca concentrations were measured
after application of Power-Ca, Acid CaLMg,
and Profical. Application of Profical (first
year) and Basfoliar combi stipp (both years)
resulted in a decrease of K concentration of
leaves compared with the control (Table 2). A
two-way analysis (including the year effect)
on the effect of the fertilizers on leaf nutrient
concentrations revealed that for Ca, main
effects (year, fertilizer) were both significant
(P<0.01 and P <0.001, respectively) as well
as their interaction (P < 0.01). With regard to
K and B, only the fertilizer effect was signif-
icant, whereas the year effect and the interac-
tion were not significant.

Nitrogen, P, Mg, Fe, Mn, and Zn concen-
trations of fruits were unaffected by the foliar
sprays (Table 3). Inclusion of Power 7-B re-
sulted in an increase of B concentrations of
fruits compared with the control. Foliar appli-
cation of Calfruit plus Qualyfruit, Chelan CaP,
Power Ca, and Acid CaLMg resulted in an
increase of Ca concentration of fruits com-
pared with the control. In vines sprayed 17
times with CaCl, at 0.8% commercial product
(1700 ppm Ca), fruit Ca content was higher
and its storage life 50% to 80% longer than
that from vines sprayed nine times and from
control vines (Cooper et al., 2007). Also, CaCl,
sprays increased fruit pericarp, core, and skin
Ca concentration of kiwifruit as reported by
Gerasopoulos et al. (1996). Foliar application
of Power Ca, Basfoliar combi stipp, Chelan
CaP, and Acid CaLMg resulted in a decrease
of K concentration of fruits compared with the
control, probably as a result of an antagonistic
effect of Ca on K. Montanaro et al. (20006)
reported that Ca concentration in fruits of the
cv. Hayward at harvest was 0.24% (dry mat-
ter). In our experiment, Ca concentration of
the cv. Tsechelidis was 0.21% (dry matter). As
reported by Sotiropoulos et al. (2009), leaf N
and fruit flesh N and P were significantly
lower, whereas leaf K, fruit skin P, K, and
Mn, and fruit flesh Mn were higher in ‘Tse-
chelidis’ than ‘Hayward’.

In kiwifruit, xylem functionality, fruit tran-
spiration, fruit hair viability, and fruit hydrau-
lic conductance showed significant changes
during the first 8 to 10 weeks after full bloom
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(Xiloyannis et al., 2008). The early cessation of
Ca import into the fruit may be ascribed to the
previous parameters. Xylem transport occurs
only in the acropetal direction and is of some
importance for the Ca supply of young fruits,
which still transpire in the early phase of their
development. At a later stage, fruits almost
exclusively feed through the phloem (Epstein
and Bloom, 2005). The phloem transport
system is through cytoplasm, which has low
concentrations of Ca (Raven, 1977). As aresult
of its phloem immobility, the foliage-applied
Ca is not redistributed from treated leaves to
the fruit (Swietlik and Faust, 1984). B mobility
in kiwifruit is also considered low (Brown and
Hu, 1998). Schonherr (2001) studying the cu-
ticular penetration using Ca salts found that the
rates of penetration were greatly affected by
humidity over cuticles and hygroscopicity of
salts. Penetration of the ions required dissolu-
tion of the salt and this was determined by
the point of deliquescence (POD) of the salt
and humidity over the salt residue. Schonherr
(2001) concluded that salts suitable for foliar
nutrition should have a low POD such as CaCl,
(33%) and Ca(NO3), (56%). Salts having POD
above 90% (for example, Ca-acetate, Ca-
lactate, and Ca-propionate) are not suitable
for foliar nutrition, because they penetrate only
at humidity levels close to 100%.

The enrichment of some products with N
and amino acids may have affected foliar ab-
sorption because it is reported that urea
facilitates the simultaneous influx of other
nutrients at both the cuticular and cellular
levels (Weinbaum, 1988). Phloem transport
of N occurs mainly in the form of amino acids.
The nitrogen of urea, ammonium, or nitrate in
foliar sprays has to be transformed into amino-
N before it is subjected to long-distance
phloem transport (Mengel, 2002). Various
commercial products are available containing
various amino acids. Furuya and Umemiya
(2002) studied 18 kinds of foliar applied N
chemical forms for the absorption of N into
peach leaves. They stated that urea and in-
organic N sources, especially nitrate-N, were
superior as compared with amino acids re-
garding N absorption into the peach leaves.

In conclusion, the application of the stud-
ied commercial Ca products was beneficial to
the fruit firmness, especially the first year and
in some treatments to the fruit Ca concentra-
tion. It seems that the composition and the
form of Ca (organic, inorganic, etc.) of these
products exert a significant role on the absorp-
tion and transportation of Ca within the plants.

The efficiency of the foliar sprays on some of
the tested parameters varied from year to year
indicating the influence of other parameters on
vine nutrition. Some differences noticed be-
tween the 2 years of the study on the efficacy
of the various Ca commercial products may
have been probably ascribed to the effect of the
first year treatment on the second, on the crop
load (higher in the second year), the climatic
conditions (temperature, relative humidity),
etc.
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