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Abstract: Sweet cherry is a high value crop and the economic success of its cultivation depends
not only on yield but also on fruit visual and nutritional quality attributes that influence consumer
acceptability, as well as on fruit post-harvest performance and resistance to cracking. During the last
few decades, cherry growers have tried to achieve these goals through exogenous applications of
synthetic plant hormones and/or nutrients, but there is growing concern about the sustainability
of the extensive use of these compounds in agriculture. For this reason, there is increasing interest
in the possible adoption of different classes of biostimulants as sustainable alternatives to plant
growth regulators. This research aimed to study the impact of foliar application of a novel tropical-
plant extract, performed between full bloom and fruit set, on the yield and fruit quality of two
important commercial sweet cherry cultivars, Kordia and Regina. The experimental design included
a commercial control involving the application of a cytokinin promoter. In both cultivars, the tropical-
plant extract induced significant increases in fruit yield. In addition, in the cultivar Kordia, the
tropical-plant extract enhanced fruit calcium concentration, soluble solids content, flesh firmness,
and skin color by 26.2%, 11.8%, 6.7%, and 12.0% (of fruits with mahogany skin color), respectively.
Our results suggest that the tropical-plant extract tested as a biostimulant may be a sustainable and
effective alternative to the exogenous application of synthetic hormones for sweet cherry cultivation.

Keywords: Prunus avium L.; sustainable agriculture; fruit cracking; calcium; skin color

1. Introduction

Global sweet cherry (Prunus avium L.) cultivation has increased steadily during the
last decade, reaching a total of 2.5 million tons in 2018 [1]. The increased commercial
interest for this crop is probably mainly related to the introduction of new size-controlling
rootstocks that allowed the adoption of new training systems, the increase in planting
densities, and the introduction of over-head protection systems against rain, hail, and birds.
These innovations allowed significant decreases in labor costs (for pruning and harvest),
an increase in orchard productivity and a decrease in yield losses due to biotic and abiotic
stresses. Nowadays, after Turkey and the United States of America, Chile is the third
most important sweet cherry producing country in the world (with a cultivated surface of
30,179 ha and a total yield of 155,935 tons in 2018; FAOSTAT, 2020), and it is the top country
in terms of production for export (184,566 tons in 2018; [1]).

To better meet the increased demand of the market for sweet cherries, a large body
of research has focused (a) on the identification of the most important fruit qualitative
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traits driving consumers’ liking of cherries [2–5] and (b) on defining pre- and post-harvest
strategies to improve these fruit attributes and maintain them during handling, packaging,
storage and transport required for exportation [6–9]. Among the external fruit qualitative
attributes, large fruit size and dark and uniform fruit skin color are the ones mainly
positively affecting the consumer’s liking of fruit appearance [3,4]. This is the reason why
cherry fruit size is still the main qualitative trait positively affecting cherry value [10].
Moreover, considering the importance of cherry appearance in consumer acceptance, the
occurrence of fruit cracking, a severe physiological disorder causing evident cracks of
the cherry fruit cuticle, represents a serious threat to fruit yield and quality [11]. Indeed,
cracked cherries have no commercial value for fresh market, but they may be used for
processing (when they do not present fungus attacks). Other studies have also highlighted
that consumers’ liking/acceptance of cherries increases when fruit flesh is firm, even though
it should not be “too firm” (>4.71 N) [5,12]. Considering that cherries are perishable fruits,
fruit softening represents a major issue in the management of cherry fruit post-harvest,
especially when exportation aims at long-distance transport.

Due to the commercial relevance of certain qualitative traits, cherry growers and
packing and export companies are keen on adopting strategies suitable to improve exterior
quality (large fruit size, dark and uniform skin color, absence of surface defects due to
cracking, firm fruit flesh). Research has focused on improving these cherry qualitative traits
by using the exogenous application of plant hormones and nutrients [9,13]. Pre-harvest
applications of gibberellic acids can stimulate cherry fruit growth [9,14] and increase flesh
firmness at harvest [14–16], but they were also reported to delay fruit ripening as suggested
by the decrease in the fruit skin color intensity, soluble solids content, polyphenol concen-
tration and antioxidant activity of cherries at harvest [15,16]. Conversely, the combined
application of gibberellic acid and the steroid hormone homobrassinolide was effective in
alleviating the negative effect of gibberellins on the concentrations of anthocyanins and
phenolics and on soluble solids content [17]. Cherry fruit flesh firmness was improved by
pre-harvest sprayings of calcium alone [13] or in combination with gibberellic acid [18],
resulting in a decrease in fruit susceptibility to cracking [18,19]. The application of cy-
tokinins at early stages of fruit development [9] or of synthetic auxins at pit hardening [20]
has also been reported to stimulate sweet cherry fruit growth and, thus, its final fruit size.
Furthermore, in plants, auxins have also been demonstrated to play an important role in
calcium translocation and uptake into developing fruits [21].

Despite the demonstrated effectiveness of synthetic hormones and fertilizers’ applica-
tion in improving cherry yield and qualitative traits [22,23], their extensive use has become
undesired as a consequence of the worldwide increasing consensus among scientists and
policy makers that modern agriculture needs to meet new sustainability goals by reducing
the adoption of environment-impacting agrochemical inputs [24,25]. In this respect, bios-
timulants are considered to be environmentally friendly, effective, alternative solutions to
enhance plant vegetative growth, fruit yield and quality and to increase plant tolerance to
abiotic stresses by modulating several aspects of plant physiology (photosynthesis, hor-
mone metabolism, nutrient uptake and translocation, secondary metabolism, etc.) [26–29].
Despite the significant amount of research carried out on different fruit tree species [30],
scientific evidence supporting the biostimulant activity on sweet cherry is still poorly
explored. Vercammen et al. [31] suggested that foliar applications of a commercial product
containing seaweed extracts (applied two–four weeks before harvest) induced a decrease in
the percentage of cracked fruits of up to around 10%. Recently, foliar applications of Asco-
phyllum nodosum extract and calcium were reported to increase organic acid concentration
in the fruits of two sweet cherry cultivars (Skeena and Sweetheart) [7]. To the best of our
knowledge, there is no published information about the effects of biostimulant application
on the yield components of cherry trees.

Based on these findings and with the aim of improving fruit quality, the adoption of a
combined use of calcium and hormones is becoming a common management practice in
important commercial cherry tree growing districts [9], such as Chile. Lately, several plant
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extracts obtained from species such as American or French oak [32,33], grapevines [34–36]
and tropical plants [37,38] have been reported to exert interesting biostimulant effects
in horticultural crops, but they were never tested in sweet cherries. This research was
designed to study the impact of a tropical-plant extract on the yield components and fruit
quality of two sweet cherry cultivars.

2. Results
2.1. Fruit Yield, Fruit Fresh Weight, Size and Qualitative Traits

Tropical-plant-extract biostimulant (TPEB) application induced a significant increase
in fruit yield in both cultivars (by 7.4 and 13.1% in Kordia and Regina trees, respectively)
(Table 1). Crop load was significant higher (7.5%) in Regina trees sprayed with the TPEB
compared to the control tree (Table 1), whereas in Kordia trees no difference was found
between treatments in this parameter (an average of 1124 fruits/tree).

Table 1. Cherry fruit yield components (mean ± standard error of the mean) in “Kordia” and “Regina” with two managing
practices, Commercial control and Tropical-plant extract biostimulant (TPEB).

Treatment
Kordia Regina

Fruit Yield
(tons/ha)

Crop Load
(Number Fruits/Tree)

Fruit Yield
(tons/ha)

Crop Load
(Number Fruits/Tree)

Commercial Control 12.064 ± 0.308 1113 ± 28 26.914 ± 0.449 3134 ± 54
TPEB 12.954 ± 0.267 1136 ± 23 30.438 ± 0.304 3369 ± 34

Significance * n.s. ** **

Asterisks represent significant differences according to t-test, n.s. (not significant), * (0.05), ** (0.01).

In both cultivars, fruit diameter at harvest was significantly larger in trees sprayed
with the TPEB than in control trees (2.5% and 2.1% in Kordia and Regina trees, respectively)
(Table 2). The application of the TPEB induced a decrease in fruit fresh weight (5.9%) in
Kordia trees (Table 2). Conversely, in Regina trees the fruit fresh weight was significantly
increased (8%) by the application of the TPEB compared to the control (Table 2).

In both cultivars, fruit distribution into commercial fruit diameter classes was signifi-
cantly affected by the application of the TPEB (Figure 1). Trees sprayed with the TPEB had
a significantly higher fraction of fruit yield in the 28–30 mm size class (57.4% and 24.1% in
Kordia and Regina trees, respectively) compared to the control (36.0% and 14.3% in Kordia
and Regina trees, respectively), whereas in trees sprayed with the TPEB a decrease in the
percentage of fruit yield, compared to the control, was found in the size classes 26–28 mm
and 24–26 mm in Kordia and Regina trees, respectively.

In Kordia, the application of the TPEB induced an increase in soluble solids content
(2.2 ◦Brix corresponding to 11.8%), flesh firmness (6.7%), and calcium content (26.2%) in fruits
at harvest compared to the control (Table 2). Regina trees sprayed with the TPEB had a lower
soluble solids content (7.4%) in fruit at harvest compared to control trees (Table 2), whereas
for this cultivar, no difference was found between treatments in flesh firmness and calcium
content in fruits at harvest (on average 323.6 g/m2 and 12.4 mg/100g, respectively).

The application of the TPEB also increased the percentage of fruit with a mahogany
skin color (66% compared to 54% of control trees) and decreased the percentage of fruits
with a red mahogany skin color (22% compared to 30% of control trees) (Figure 2A). In
Regina trees, no differences between the two treatments were found in fruit distribution in
skin color classes (Figure 2B).
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Table 2. Fruit diameter, fruit fresh weight, soluble solids content (SSC), flesh firmness and calcium content (mean ± standard error of the mean) in “Kordia” and “Regina” with two
managing practices, Commercial control and Tropical-plant extract biostimulant (TPEB).

Treatment

Kordia Regina

Fruit
Diameter

(mm)

Fruit Fresh
Weight
(g/Fruit)

SSC
(◦Brix)

Flesh
Firmness
(g/mm2)

Calcium
Content

(mm/100 g)

Fruit
Diameter

(mm)

Fruit Fresh
Weight
(g/Fruit)

SSC
(◦Brix)

Flesh
Firmness
(g/mm2)

Calcium
Content

(mm/100 g)

Commercial Control 27.84 ± 0.26 12.08 ± 0.21 18.31 ± 0.28 325.29 ± 7.29 12.47 ± 0.19 25.42 ± 0.19 9.67 ± 0.19 18.86 ± 0.26 322.77 ± 6.69 12.02 ± 0.29
TPEB 28.55 ± 0.16 11.39 ± 0.19 20.47 ± 0.37 347.09 ± 7.66 15.75 ± 0.18 25.97 ± 0.19 10.46 ± 0.20 17.46 ± 0.22 324.45 ± 7.00 12.80 ± 0.18

Significance * * *** * * * ** *** n.s. n.s.

Asterisks represent significant differences according to t-test, n.s. (not significant), * (0.05), ** (0.01), *** (0.001).



Plants 2021, 10, 619 5 of 13

Figure 1. Fruit diameter distribution in “Kordia” (A) and “Regina” (B) in percentage of the yield, treated with Commercial
control management and Tropical-plant extract biostimulant (TPEB). Vertical bars represent the standard error of the mean.
Within each panel and separately for each fruit diameter class, asterisks indicate significant differences between treatments
according to t-test (p ≤ 0.05).

Figure 2. Skin color distribution in “Kordia” (A) and “Regina” (B) in percentage of the sampled fruits, treated with Commercial
control management and Tropical-plant extract biostimulant (TPEB). Each fruit was visually examined and assigned to one of
the five skin color classes. Vertical bars represent the standard error of the mean. Within each panel and separately for each fruit
skin color class, asterisks indicate significant differences between treatments according to t-test (p ≤ 0.05).

2.2. Composition of Leaf Petiole Sap

In Kordia trees sprayed with the TPEB, the Ca concentration in petiole sap was three-
fold the concentration in control trees (222.7 and 68.2 mg/L, respectively), whereas in the
cultivar Regina this parameter was not affected (an average of 11.0 mg/L). In both cultivars,
the treatments did not affect the petiole sap concentration of K, Na, NH4, NO3 and Mg
(data not shown).
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3. Discussion

In both sweet cherry cultivars, the plant extract studied in this research induced a
significant increase in fruit yield, but, interestingly, in the two varieties this effect was
due to the stimulation of different yield components (Tables 1 and 2). This suggests that
differing biological processes of cherry tree reproductive growth may have been affected
depending on the genotype. Indeed, the increment in fruit yield induced by the TPEB
was mainly related to an increase in fruit fresh weight in Kordia trees, whereas in the
cultivar Regina this effect was related to an increase in both the number of fruits per tree
and fruit fresh weight (Tables 1 and 2). The number of fruits per tree is mainly determined
at fruit set, which is a complex biological process (a) inducing the ovary to start growing,
(b) determining its transition to fruit, and (c) representing the very first stage of fruit
development. In fruit tree cultivation, a successful fruit set is a required condition to reach
the desired crop load and fruit yield. Fruit set includes the activation of a complex cascade
of metabolic pathways and morphological transformations which are generally triggered
by the pollination/fertilization event [39]. This is particularly critical in the commercial
cultivation of fruit-tree species such as sweet cherries, where most of the cultivars are
self-sterile and there is a need for cross-pollination among inter-compatible varieties. It
is well acknowledged that fruit set is regulated mainly by the accumulation of three
hormones, auxin, gibberellins (GAs), and cytokinin [40,41]. Furthermore, in the absence
of pollination/fertilization, exogenous applications of auxins, cytokinin, or gibberellins
were reported to induce parthenocarpy in many cultivated crops [40,41], including sweet
cherries [42]. Our results suggest that the application of the TPEB during bloom may
exert a stimulating hormone-like effect on the fruit set of cherry trees (often referred
to as an auxin-like effect). The biostimulant activity of plant extracts is thought to be
mainly related to the presence of mixtures of free amino acids, oligo- and polypeptides
that act as signaling molecules triggering important plant molecular and physiological
processes [43,44]. Among the major mechanisms involved in their biostimulant activity,
plant extracts were reported to (a) boost auxin- and gibberellin-like activities, (b) trigger
key enzymes involved in N uptake and C metabolism, and (c) stimulate enzymes involved
in secondary metabolism (antioxidant compound and pigment biosynthesis) [45–50]. The
positive effect of the TPEB on crop load we found in our study is particularly relevant
for the self-sterile cultivars Kordia and Regina, which are often classified as “shy bearer”
varieties, because of their tendency to have unsatisfactory fruit set in many important
cherry growing areas including Chile [51]. However, in our study, the TPEB significantly
affected fruit set only in Regina trees, whereas no effect was detected in the cultivar Kordia.
The comparison between the crop load of the two cultivars (lower in Kordia than in the
Regina trees; Table 1) indicates that other factors may have intervened and interacted.
Possible hypotheses may be related to differences between the cultivars in: (a) tree fertility
(number of flowers per spur, number of spurs per tree); (b) the specific weather conditions
(air temperature, rainfall, etc.) occurring during the phenological stages bloom-fruit set; (c)
the sensitivity to the plant-extract. Additional studies are required to better understand
these differential responses.

In both cultivars, the tested TPEB stimulated fruit growth resulting in an increased
fruit size at harvest (Table 2 and Figure 1). Interestingly, this effect was also significant
in Regina trees despite the increase in crop load induced by the TPEB. Indeed, increases
in crop load may cause unfavorable source-sink relations resulting in a decrease in fruit
growth [52]. Like in other stone fruit species, cherry fruit growth follows a double-sigmoid
growth curve, characterized by two intense growth periods (Stages I and III) separated by
a phase of slow growth during which pit hardening occurs (Stage II) [53–57]. Fruit growth
during Stage I is mainly due to cell division, whereas in Stage II the growth is mainly
due to cell enlargement [55,56]. Due to this large biological difference between Stages I
and III, fruit growth during these phases is differentially regulated by hormonal signaling.
Cytokinins are well known to stimulate cell division, and the exogenous application of
these hormones during this stage was reported to increase fruit size at harvest in sweet
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cherry [9] and other fruit tree species [58]. Conversely, exogenous gibberellins are more
efficient in stimulating fruit growth when applied during the cell expansion stage in cherry
trees [9] and other fruit tree crops [59]. Considering that in our study the TPEB was
applied at very early stages of fruit development (during cell division in the ovary or in
the fruitlet), the results obtained suggest that this extract may have induced cytokinin-
like effects (Table 2 and Figure 1), as previously reported for other biostimulants [60,61].
Interestingly, this stimulating effect on fruit growth was even stronger than that induced
by the cytokinin promoter applied to the trees of the commercial control. In several studies,
biostimulants are reported to affect fruit growth as a consequence of an improved plant
nutritional status [30]. However, in the case of our study, this does not appear the case
since the analyses of the petiole sap composition highlighted that the TPEB increased only
Ca concentration in the cultivar Regina (not in Kordia), whereas in both cultivars, K, Na,
NH4, NO3 and Mg concentrations were not affected.

In the cultivar Kordia, the TPEB, in addition to stimulating fruit growth, also positively
affected other important fruit cherry qualitative traits such as fruit firmness, soluble solids
content, and skin color (Table 2). The increase in fruit firmness was probably related to
the higher fruit calcium concentration we found in the TPEB treatment compared to the
commercial control (Table 2). It is undisputed that calcium-pectin cross-links play a major
role in determining the strength of cell walls and, therefore, the physical and structural
properties of fruit [21]. Auxins are thought to be involved in calcium transport and its
uptake by the fruit [21]. Thus, our results suggest that the TPEB may exert an auxin-
like activity in sweet cherries, resulting in a better calcium nutrition of the sweet cherry
fruit. The increase in fruit flesh firmness measured in the TPEB treatment has interesting
implications because this parameter positively correlates to consumers’ liking/acceptance
of cherries [5,12] and may result in an enhanced suitability of the cherries for post-harvest
handling and transport. This is very important for producer countries such as Chile that
significantly invest in cherry exportation. In addition to the effect on fruit flesh firmness and
its softening rate, an enhanced calcium concentration may result in a lower susceptibility
of the cherries to fruit cracking [62]. More specifically designed experiments will be
required to test the hypothesis of whether the application of the TPEB can also decrease
the occurrence of cherry cracking.

In the cultivar Kordia, the TPEB also appeared to stimulate the accumulation of
carbohydrates in the fruits, as suggested by the increase in soluble solids content measured
in the cherries at harvest (Table 2). This hypothesis is also consistent with the improvement
in fruit skin color we measured in the same treatment. Indeed, anthocyanins are secondary
metabolites whose biosynthesis also depends on carbohydrate availability [63–65]. Plant
extracts and plant-derived protein hydrolysates were previously reported to boost C
metabolism and to stimulate the biosynthesis of secondary metabolites such as pigments,
phenolic comp, and ascorbic acid [66]. Previous studies on sweet cherries demonstrated that
inducing an increase in carbohydrate availability for ripening fruits by fruit flower/fruit
thinning can result in an increase in soluble solids and anthocyanin concentration and in
darker fruit skins [67,68]. Interestingly, the positive effects of the TPEB on soluble solids
content and fruit color were not found in the fruits of the cultivar Regina (Table 2 and
Figure 2B). This was also the case for the fruit calcium concentration and flesh firmness at
harvest (Table 2). This suggests a lower sensitivity of the cultivar Regina to the application
of the TPEB compared to Kordia. Another possible hypothesis to explain this differential
response may be due to the different effect the TPEB had on fruit set in the two cultivars
(Table 1). Indeed, in Regina the TPEB induced a 7.5% increase in crop load, whereas in
Kordia this parameter was unaffected. The increase in crop load may have determined
source-sink relations that were less favorable for carbon partitioning to fruits that may
have counter-balanced and masked any positive effect of the TPEB on these specific fruit
qualitative traits. Previous studies reported that fruit soluble solids content and phenolic
acid concentration decreased progressively with increasing crop load [52,69]. The decrease
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in soluble solids content that we measured in Kordia trees sprayed with the TPEB appears
to support this hypothesis (Table 2).

4. Materials and Methods
4.1. Experimental Site, Plant Material and Experimental Design

The study was conducted in a commercial sweet cherry (Prunus avium L.) orchard
located in San Fernando, Libertador Bernardo O’Higgins Region, Chile (34◦38′59.92” S,
70◦49′12.64” O; 570 m a.s.l.) during the growing season which started in 2017 and ended
in 2018. The experiment was carried out on two cultivars, Kordia and Regina. All trees,
planted in 2007, were grafted onto Gisela® 6 rootstocks and trained to a Spanish Bush
system. Tree spacing was 4.5 m × 2.5 m (corresponding to a planting density of 889
trees/ha) and row orientation was North–South. From bud break to leaf drop the following
total amounts of nutrients were provided to the trees of all treatments through 6 fertigations
(mono-ammonium phosphate, potassium nitrate, ammonium nitrate, magnesium nitrate):
283 kg N/ha, 39 kg P/ha, 103 kg K/ha, 58 kg Mg/ha. Two foliar fertilization strategies were
compared (Table 3) according to a randomized complete-block design with three replicates.
The commercial control treatment included the following four foliar sprays: (a) the first
foliar spraying consisted of the application of a commercial Ascophyllum nodosum seaweed
extract (Stimplex; ANASAC, Providencia, Chile) at a rate of 3.75 L/ha, plus a commercial
organic fertilizer (Defender Ca; Kenya Biologics Ltd., Runyenjes, Kenya) containing 14% of
calcium complexed with 6% of amino acids at a rate of 4.5 L/ha, applied when 20% of flower
buds were at the phenological stage “sepals open” (Stage D, “flower bud open” according
to Baggiolini [70]; Stage 57 according to the BBCH scale as described by Fadón et al. [71]);
(b) the following three foliar sprays consisted of the application of 4.5 L/ha of Defender Ca
and 2 L/ha of a commercial cytokinin promoter (Citogrower; Kenya Biologics Ltd., Kenya)
at three phenological stages: “full bloom” (Stage F [70]; BBCH Stage 65 [71]),”full petal fall”
(Stage G [70]; BBCH Stage 67 [71]), and 7 days after “full petal fall”.

The biostimulant-based treatment included the following four foliar sprays: (a) the
first consisted of the application of a commercial Ascophyllum nodosum seaweed extract
(Stimplex; ANASAC, Chile) at a rate of 3.75 L/ha plus a commercial organic fertilizer (Myr
Calcio; Hello Nature USA Inc., Anderson, IN) containing 5% of calcium (CaO) and 5%
of vegetal amino acids at a rate of 3 L/ha, applied when 20% of flower buds were at the
phenological stage “sepals open”; (b) the other three sprays consisted of the application
of Myr Calcio (3 L/ha) plus a commercial tropical-plant extract (Auxym; Hello Nature
USA Inc., Anderson, IN) (1.5 L/ha) at three phenological stages, “full bloom”, ”full petal
fall”, and 10 days after “full petal fall”. This latter product was obtained through a water
extraction and fermentation of tropical plants. The composition of this was fully described
by Colla et al. [38]. Briefly, this biostimulant contains phytohormones (auxins: 1.81 mg/kg;
cytokinins: 0.29 mg/kg), amino acids (51.9 g/kg), vitamins (niacin: 3.3 g/kg; vitamin
C: 1.0 g/kg; vitamin E: 0.4 g/kg; thiamine: 0.3 g/kg; pyridoxine: 0.3 g/kg; riboflavin:
0.2 g/kg), and other minor organic compounds (phytochelatins and enzymes). The two
treatments sets, Commercial control and the Plant extract biostimulant, compared in this
study are summarized in Table 3.
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Table 3. Products sprayed at each of the four phenological stages in the Commercial control and the Tropical-plant extract biostimulant (TPEB) treatments.

Treatment
Phenological Stage

Early Stage D
“Sepals Open”

Stage F
“Full Bloom”

Stage G
”Full Petal Fall”

7 Days after
Stage G

Commercial control

Seaweed extract (3.75 L/ha)
+

Organic fertilizer (14% of calcium
complexed with 6% of amino acids;

4.5 L/ha)

Cytokinin promoter (2 L/ha)
+

Organic fertilizer (14% of calcium
complexed with 6% of amino acids;

4.5 L/ha)

Cytokinin promoter (2 L/ha)
+

Organic fertilizer (14% of calcium
complexed with 6% of amino acids;

4.5 L/ha)

Cytokinin promoter (2 L/ha)
+

Organic fertilizer (14% of calcium
complexed with 6% of amino acids;

4.5 L/ha)

TPEB

Seaweed extract (3.75 L/ha)
+

Organic fertilizer (5% of calcium,
CaO, and 5% of vegetal amino acids;

3 L/ha)

Tropical-plant extract (1.5 L/ha)
+

Organic fertilizer (5% of calcium,
CaO, and 5% of vegetal amino acids;

3 L/ha)

Tropical-plant extract (1.5 L/ha)
+

Organic fertilizer (5% of calcium,
CaO, and 5% of vegetal amino acids;

3 L/ha)

Tropical-plant extract (1.5 L/ha)
+

Organic fertilizer (5% of calcium,
CaO, and 5% of vegetal amino acids;

3 L/ha)
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4.2. Harvest and Fruit Yield

Fruits were harvested by hand on 15 plants per plot when all of them reached a
red-mahogany or darker skin color. Kordia was harvested on 23 December 2017, while
Regina was harvested on 8 January 2018. Fruits were weighed to determine the yield per
hectare considering planting density.

4.3. Fruit Fresh Weight, Size and Qualitative Traits

For each treatment, the fresh weight and the diameter of 200 randomly sampled fruits
were individually measured with a digital scale and a digital Vernier caliper, respectively.
Based on their diameters (expressed in mm), individual fruits were assigned to one of
seven commercial size classes (<22, 22–24; 24–26; 26–28; 28–30; 30–32; >32 mm). For each
treatment, the distribution of fruits into commercial size classes was used to estimate the
number of fruits per tree (crop load). After these measurements, the fruits were divided
in three subsamples (two of 50 fruits and one of 100 fruits). The first 50-fruit subsample
was used for measuring individual fruit firmness with the Firmtech device (FT7, UP
Umweltanalytische Produkte GmbH, Ibbenbüren, Germany), whereas the other 50 fruits
were used to individually evaluate skin color by visual analysis and using a common
export scale as a reference (ASOEX, Las Condes, Chile). This scale includes the following
classes: light red, red, red mahogany, mahogany, dark mahogany.

The last 100 fruits were squeezed and tested individually for soluble solids content of
flesh juice with a digital refractometer (MODEL HI96801, HANNA, Woonsocket, RI, USA).

Analysis of calcium in the fruits was performed by atomic absorption spectrometry,
using flame atomic absorption spectroscopy. This system was equipped with a hollow
monoelement cathode lamp (Hollow Cathode Lamp, Cambridge, UK) for analysis of
calcium element [72].

4.4. Composition of Leaf Petiole Sap

An analysis of nutrient concentration in the petiole sap (Ca, K, Na, NH4, NO3 and
Mg) was conducted using the Multi-ion 10 equipment (IMACIMUS, NT Sensors, El Catllar,
SPAIN). One-hundred leaf petioles were randomly chosen for sampling in each plot on
16 November 2017 and washed with distilled water to remove dust particles and other
residues that could affect the measurement. Then, they were pressed with a manual press
to extract 1 mL of sap which was diluted in 19 mL of distilled water and analyzed with a
sensor. This measurement was expressed in concentration of nutrients (mg/L).

4.5. Statistical Analysis

The significance of the differences between treatments in all the measured parame-
ters was assessed with the t-student test, using IBM SPSS Statistics software (IBM Corp.,
Armonk, NY, USA).

5. Conclusions

The results of this study suggested, for the first time, that the foliar application of
tropical plant extracts at very early phenological stages (between full bloom and fruit
set) may be a suitable management practice to improve fruit yield components and fruit
qualitative traits in commercial sweet cherry orchards, compared to the foliar application
of a cytokinin promoter at the same phenological stages. However, the yield components
(number of fruits per tree and fruit size) were differentially affected in Kordia and Regina
trees. In addition, in Kordia this biostimulant-based product also induced a very interesting
improvement in several qualitative traits that can positively affect the consumer acceptance
of cherries (soluble solids content, fruit firmness), the fruit nutritional value (anthocyanin
concentration), the post-harvest performances of the fruit (increasing fruit suitability for
handling and transport), and the resistance to cracking. The Regina cultivar appears to be
less responsive in this respect, but probably because of an indirect negative effect on these
traits of the increased fruit set. In general, the results of our study suggest that the tested
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TPEB may be a sustainable and effective candidate alternative to the exogenous application
of synthetic hormones for sweet cherry cultivation. However, additional research will
be required to (a) better understand the mechanism underlying the complex cherry tree
responses to this biostimulant, (b) fine-tune the application strategy of this plant extract by
studying the dose and phenological stage of application, and (c) test the responses of other
sweet cherry cultivars and fruit tree species to this promising class of biostimulants.
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23. Correia, S.; Santos, M.; Glińska, S.; Gapińska, M.; Matos, M.; Carnide, V.; Schouten, R.; Silva, A.P.; Gonçalves, B. Effects of
Exogenous Compound Sprays on Cherry Cracking: Skin Properties and Gene Expression. J. Sci. Food Agric. 2020, 100, 2911–2921.
[CrossRef]

24. Bhattacharyya, C.; Roy, R.; Tribedi, P.; Ghosh, A.; Ghosh, A. Biofertilizers as Substitute to Commercial Agrochemicals; Butterworth-
Heinemann: Oxford, UK, 2020; ISBN 9780081030172.

25. Srivastav, A.L. Chemical Fertilizers and Pesticides: Role in Groundwater Contamination; Butterworth-Heinemann: Oxford, UK, 2020;
ISBN 9780081030172.

26. Bulgari, R.; Cocetta, G.; Trivellini, A.; Vernieri, P.; Ferrante, A. Biostimulants and Crop Responses: A Review. Biol. Agric. Hortic.
2015, 31, 1–17. [CrossRef]

27. De Pascale, S.; Rouphael, Y.; Colla, G. Plant Biostimulants: Innovative Tool for Enhancing Plant Nutrition in Organic Farming.
Eur. J. Hortic. Sci. 2017, 82, 277–285. [CrossRef]

28. Rouphael, Y.; Colla, G. Editorial: Biostimulants in Agriculture. Front. Plant Sci. 2020, 11, 1–7. [CrossRef]
29. Mataffo, A.; Scognamiglio, P.; Dente, A.; Strollo, D.; Colla, G.; Rouphael, Y.; Basile, B. Foliar Application of an Amino Acid-

Enriched Urea Fertilizer on ‘Greco’ Grapevines at Full Veraison Increases Berry Yeast-Assimilable Nitrogen Content. Plants 2020,
9, 619. [CrossRef]

30. Basile, B.; Rouphael, Y.; Colla, G.; Soppelsa, S.; Andreotti, C. Appraisal of Emerging Crop Management Opportunities in Fruit
Trees, Grapevines and Berry Crops Facilitated by the Application of Biostimulants. Sci. Hortic. 2020, 267, 109330. [CrossRef]

31. Vercammen, J.; Van Daele, G.; Vanrykel, T. Cracking of Sweet Cherries: Past Tense? Acta Hortic. 2008, 795 Pt 2, 463–468. [CrossRef]
32. Martínez-Gil, A.M.; Angenieux, M.; Pardo-García, A.I.; Alonso, G.L.; Ojeda, H.; Rosario Salinas, M. Glycosidic Aroma Precursors

of Syrah and Chardonnay Grapes after an Oak Extract Application to the Grapevines. Food Chem. 2013, 138, 956–965. [CrossRef]
33. Pardo-García, A.I.; Martínez-Gil, A.M.; Cadahía, E.; Pardo, F.; Alonso, G.L.; Salinas, M.R. Oak Extract Application to Grapevines

as a Plant Biostimulant to Increase Wine Polyphenols. Int. Food Res. J. 2014, 55, 150–160. [CrossRef]
34. Sánchez-Gómez, R.; Garde-Cerdán, T.; Zalacain, A.; Garcia, R.; Cabrita, M.J.; Salinas, M.R. Vine-Shoot Waste Aqueous Extract

Applied as Foliar Fertilizer to Grapevines: Effect on Amino Acids and Fermentative Volatile Content. Food Chem. 2016, 197,
132–140. [CrossRef]

35. Sánchez-Gómez, R.; Zalacain, A.; Pardo, F.; Alonso, G.L.; Salinas, M.R. An Innovative Use of Vine-Shoots Residues and Their
“Feedback” Effect on Wine Quality. Innov. Food Sci. Emerg. Technol. 2016, 37, 18–26. [CrossRef]

36. Sánchez-Gómez, R.; Alonso, G.L.; Salinas, M.R.; Zalacain, A. Reuse of Vine-Shoots Wastes for Agricultural Purposes. In Handbook
of Grape Processing by-Products-Sustainable Solutions; Elsevier: London, UK, 2017; pp. 79–104.

37. Nasir, M.; Khan, A.S.; Basra, S.M.A.; Malik, A.U. Foliar Application of Moringa Leaf Extract, Potassium and Zinc Influence Yield
and Fruit Quality of ‘Kinnow’ Mandarin. Sci. Hortic. 2016, 210, 227–235. [CrossRef]

38. Colla, G.; Cardarelli, M.; Bonini, P.; Rouphael, Y. Foliar Applications of Protein Hydrolysate, Plant and Seaweed Extracts Increase
Yield but Differentially Modulate Fruit Quality of Greenhouse Tomato. HortScience 2017, 52, 1214–1220. [CrossRef]

39. Gillaspy, G.; Ben-david, H.; Gruissem, W.; Darwin, C. Fruits: A Developmental Perspective. Plant Cell 1993, 5, 1439–1451.
[CrossRef] [PubMed]

40. Kumar, R.; Khurana, A.; Sharma, A.K. Role of Plant Hormones and Their Interplay in Development and Ripening of Fleshy Fruits.
J. Exp. Bot. 2014, 65, 4561–4575. [CrossRef] [PubMed]

41. Fenn, M.A.; Giovannoni, J.J. Phytohormones in Fruit Development and Maturation. Plant J. 2020, 446–458. [CrossRef]
42. Wen, B.; Song, W.; Sun, M.; Chen, M.; Mu, Q.; Zhang, X.; Chen, X.; Gao, D.; Xiao, W. Identification and Characterization of Cherry

(Cerasus Pseudocerasus G. Don) Genes in Response to Parthenocarpy Induced by GA3 through Transcriptome Analysis. BMC
Genet. 2019, 20, 65. [CrossRef]

43. Colla, G.; Nardi, S.; Cardarelli, M.; Ertani, A.; Lucini, L.; Canaguier, R.; Rouphael, Y. Protein Hydrolysates as Biostimulants in
Horticulture. Sci. Hortic. 2015, 196, 28–38. [CrossRef]

44. Colla, G.; Hoagland, L.; Ruzzi, M.; Cardarelli, M.; Bonini, P.; Canaguier, R.; Rouphael, Y. Biostimulant Action of Protein
Hydrolysates: Unraveling Their Effects on Plant Physiology and Microbiome. Front. Plant Sci. 2017, 8, 1–14. [CrossRef]

45. Sestili, F.; Rouphael, Y.; Cardarelli, M.; Pucci, A.; Bonini, P.; Canaguier, R.; Colla, G. Protein Hydrolysate Stimulates Growth in
Tomato Coupled with N-Dependent Gene Expression Involved in N Assimilation. Front. Plant Sci. 2018, 9, 1–11. [CrossRef]

46. Schiavon, M.; Ertani, A.; Nardi, S. Effects of an Alfalfa Protein Hydrolysate on the Gene Expression and Activity of Enzymes of
the Tricarboxylic Acid (TCA) Cycle and Nitrogen Metabolism in Zea Mays L. J. Agric. Food Chem. 2008, 56, 11800–11808. [CrossRef]

47. Ertani, A.; Cavani, L.; Pizzeghello, D.; Brandellero, E.; Altissimo, A.; Ciavatta, C.; Nardi, S. Biostimulant Activity of Two Protein
Hydrolyzates in the Growth and Nitrogen Metabolism of Maize Seedlings. J. Plant Nutr. Soil Sci. 2009, 172, 237–244. [CrossRef]

http://doi.org/10.1080/01904167.2013.793714
http://doi.org/10.1016/j.scienta.2007.07.010
http://doi.org/10.3389/fpls.2016.00569
http://doi.org/10.1002/jsfa.10318
http://doi.org/10.1080/01448765.2014.964649
http://doi.org/10.17660/eJHS.2017/82.6.2
http://doi.org/10.3389/fpls.2020.00040
http://doi.org/10.3390/plants9050619
http://doi.org/10.1016/j.scienta.2020.109330
http://doi.org/10.17660/ActaHortic.2008.795.70
http://doi.org/10.1016/j.foodchem.2012.11.032
http://doi.org/10.1016/j.foodres.2013.11.004
http://doi.org/10.1016/j.foodchem.2015.10.034
http://doi.org/10.1016/j.ifset.2016.07.021
http://doi.org/10.1016/j.scienta.2016.07.032
http://doi.org/10.21273/HORTSCI12200-17
http://doi.org/10.2307/3869794
http://www.ncbi.nlm.nih.gov/pubmed/12271039
http://doi.org/10.1093/jxb/eru277
http://www.ncbi.nlm.nih.gov/pubmed/25028558
http://doi.org/10.1111/tpj.15112
http://doi.org/10.1186/s12863-019-0746-8
http://doi.org/10.1016/j.scienta.2015.08.037
http://doi.org/10.3389/fpls.2017.02202
http://doi.org/10.3389/fpls.2018.01233
http://doi.org/10.1021/jf802362g
http://doi.org/10.1002/jpln.200800174


Plants 2021, 10, 619 13 of 13

48. Ertani, A.; Schiavon, M.; Muscolo, A.; Nardi, S. Alfalfa Plant-Derived Biostimulant Stimulate Short-Term Growth of Salt Stressed
Zea Mays L. Plants. Plant Soil. 2013, 364, 145–158. [CrossRef]

49. Ertani, A.; Schiavon, M.; Nardi, S. Transcriptome-Wide Identification of Differentially Expressed Genes in Solanum Lycopersicon
L. In Response to an Alfalfa-Protein Hydrolysate Using Microarrays. Front. Plant Sci. 2017, 8, 1–19. [CrossRef] [PubMed]

50. Rouphael, Y.; Cardarelli, M.; Bonini, P.; Colla, G. Synergistic Action of a Microbial-Based Biostimulant and a Plant Derived-Protein
Hydrolysate Enhances Lettuce Tolerance to Alkalinity and Salinity. Front. Plant Sci. 2017, 8, 1–12. [CrossRef] [PubMed]

51. Sagredo, K.X.; Cassasa, V.; Vera, R.; Carroza, I. Pollination and Fruit Set for “Kordia” and “Regina” Sweet Cherry Trees in the
South of Chile. Acta Hortic. 2017, 1161, 353–359. [CrossRef]

52. Whiting, M.D.; Lang, G.A. “Bing” Sweet Cherry on the Dwarfing Rootstock “Gisela 5”: Thinning Affects Fruit Quality and
Vegetative Growth but Not Net CO2 Exchange. J. Am. Soc. Hortic. Sci. 2004, 129, 407–415. [CrossRef]

53. Azarenko, A.N.; Chozinski, A.; Brewer, L.J. Fruit Growth Curve Analysis of Seven Sweet Cherry Cultivars. Acta Hortic. 2008, 795,
561–566. [CrossRef]

54. Basile, B.; Mariscal, M.J.; Day, K.R.; Johnson, R.S.; DeJong, T.M. Japanese Plum (Prunus Salicina L.) Fruit Growth: Seasonal Pattern
of Source/Sink Limitations. J. Am. Pomol. Soc. 2002, 56, 86–93.

55. Tukey, H.B.; Young, J.O. Histological Study of the Developing Fruit of the Sour Cherry. Bot. Gaz 1939, 100, 723–749. [CrossRef]
56. Coombe, B.G. The Development of Fleshy Fruits. Annu. Rev. Plant Biol 1976, 27, 207–228. [CrossRef]
57. Basile, B.; Solari, L.I.; Dejong, T.M. Intra-Canopy Variability of Fruit Growth Rate in Peach Trees Grafted on Rootstocks with

Different Vigour-Control Capacity. J. Hortic. Sci. Biotechnol. 2007, 82, 243–256. [CrossRef]
58. Iwahori, S.; Tominaga, S.; Yamasaki, T. Stimulation of Fruit Growth of Kiwifruit, Actinidia Chinensis Planch., by N-(2-Chloro-4-

Pyridyl)-N’-Phenylurea, a Diphenylurea-Derivative Cytokinin. Sci. Hortic. 1988, 35, 109–115. [CrossRef]
59. Zhang, C.; Lee, U.; Tanabe, K. Hormonal Regulation of Fruit Set, Parthenogenesis Induction and Fruit Expansion in Japanese Pear.

Plant Growth Regul. 2008, 55, 231–240. [CrossRef]
60. Stirk, W.A.; Van Staden, J. Comparison of Cytokinin- and Auxin-like Activity in Some Commercially Used Seaweed Extracts. J.

Appl. Phycol. 1996, 8, 503–508. [CrossRef]
61. Pizzeghello, D.; Francioso, O.; Ertani, A.; Muscolo, A.; Nardi, S. Isopentenyladenosine and Cytokinin-like Activity of Different

Humic Substances. J. Geochem. Explor. 2013, 129, 70–75. [CrossRef]
62. Wang, Y.; Long, L.E. Physiological and Biochemical Changes Relating to Postharvest Splitting of Sweet Cherries Affected by

Calcium Application in Hydrocooling Water. Food Chem. 2015, 181, 241–247. [CrossRef]
63. Caccavello, G.; Giaccone, M.; Scognamiglio, P.; Forlani, M.; Basile, B. Influence of Intensity of Post-Veraison Defoliation or Shoot

Trimming on Vine Physiology, Yield Components, Berry and Wine Composition in Aglianico Grapevines. Aust. J. Grape Wine Res.
2017, 23, 226–239. [CrossRef]

64. Larronde, F.; Krisa, S.; Decendit, A.; Chèze, C.; Deffieux, G.; Mérillon, J.M. Regulation of Polyphenol Production in Vitis Vinifera
Cell Suspension Cultures by Sugars. Plant Cell Reps. 1998, 17, 946–950. [CrossRef]

65. Vitrac, X.; Larronde, F.; Krisa, S.; Decendit, A.; Deffieux, G.; Mérillon, J.M. Sugar Sensing and Ca2+-Calmodulin Requirement in
Vitis Vinifera Cells Producing Anthocyanins. Phytochemistry 2000, 53, 659–665. [CrossRef]

66. Ertani, A.; Pizzeghello, D.; Francioso, O.; Sambo, P.; Sanchez-Cortes, S.; Nardi, S. Capsicum Chinensis L. Growth and Nutraceutical
Properties Are Enhanced by Biostimulants in a Long-Term Period: Chemical and Metabolomic Approaches. Front. Plant Sci. 2014,
5, 1–12. [CrossRef] [PubMed]

67. Landi, M.; Massai, R.; Remorini, D. Effect of Rootstock and Manual Floral Bud Thinning on Organoleptical and Nutraceutical
Properties of Sweet Cherry (Prunus Avium L) Cv “Lapins”. Agrochimica 2014, 58, 335–351. [CrossRef]

68. Kurlus, R.; Rutkowski, K.; Łysiak, G.P. Improving of Cherry Fruit Quality and Bearing Regularity by Chemical Thinning with
Fertilizer. Agronomy 2020, 10, 1281. [CrossRef]

69. Mataffo, A.; Scognamiglio, P.; Basile, B.; Lisanti, M.T.; Tenore, G.C.; Graziani, G.; Ritieni, A.; Giaccone, M. Crop Load Affects
the Nutritional Quality of Flat Peaches (Prunus Persica L. Var. Platycarpa (Decne.) L.H. Bailey). Italus Hortus 2020, 27, 41–54.
[CrossRef]

70. Baggiolini, M. Les Stades Repérés Des Arbres Fruitiers à Noyau. Rev. Romande D’Agric. D’Arboric. 1952, 8, 4–6.
71. Fadón, E.; Herrero, M.; Rodrigo, J. Flower Development in Sweet Cherry Framed in the BBCH Scale. Sci. Hortic. 2015, 192,

141–147. [CrossRef]
72. Fernandez-Hernandez, A.; Mateos, R.; Garcia-Mesa, J.A.; Beltran, G.; Fernandez-Escobar, R. Determination of Mineral Elements

in Fresh Olive Fruits by Flame Atomic Spectrometry. Span. J. Agric. Res. 2010, 8, 1183. [CrossRef]

http://doi.org/10.1007/s11104-012-1335-z
http://doi.org/10.3389/fpls.2017.01159
http://www.ncbi.nlm.nih.gov/pubmed/28725232
http://doi.org/10.3389/fpls.2017.00131
http://www.ncbi.nlm.nih.gov/pubmed/28223995
http://doi.org/10.17660/ActaHortic.2017.1161.57
http://doi.org/10.21273/JASHS.129.3.0407
http://doi.org/10.17660/ActaHortic.2008.795.88
http://doi.org/10.1086/334827
http://doi.org/10.1146/annurev.pp.27.060176.001231
http://doi.org/10.1080/14620316.2007.11512226
http://doi.org/10.1016/0304-4238(88)90042-8
http://doi.org/10.1007/s10725-008-9279-2
http://doi.org/10.1007/BF02186328
http://doi.org/10.1016/j.gexplo.2012.10.007
http://doi.org/10.1016/j.foodchem.2015.02.100
http://doi.org/10.1111/ajgw.12263
http://doi.org/10.1007/s002990050515
http://doi.org/10.1016/S0031-9422(99)00620-2
http://doi.org/10.3389/fpls.2014.00375
http://www.ncbi.nlm.nih.gov/pubmed/25136346
http://doi.org/10.12871/0021857201444
http://doi.org/10.3390/agronomy10091281
http://doi.org/10.26353/j.itahort/2020.2.4154
http://doi.org/10.1016/j.scienta.2015.05.027
http://doi.org/10.5424/sjar/2010084-1206

	Introduction 
	Results 
	Fruit Yield, Fruit Fresh Weight, Size and Qualitative Traits 
	Composition of Leaf Petiole Sap 

	Discussion 
	Materials and Methods 
	Experimental Site, Plant Material and Experimental Design 
	Harvest and Fruit Yield 
	Fruit Fresh Weight, Size and Qualitative Traits 
	Composition of Leaf Petiole Sap 
	Statistical Analysis 

	Conclusions 
	References

