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Abstract: Biostimulants represent an important category of agricultural inputs characterized by
multiple functions. They are used to assist crop growth, yield and to enhance the final quality
of produces. Their classification is generally based on claims (i.e., which services they provide to
the crop), even though their biological effects are often species-dependent and highly influenced
by external factors (i.e., the growing conditions). This review provides a survey of the available
scientific literature on the use of biostimulant substances in fruit production, with the specific aim
to clarify their predominant mode and time of application. An extremely varied scenario emerged
where foliar treatments are common for seaweed extracts, humic and fulvic acids, and where protein
hydrolysates and silicon are applied both to the soil (drench) or sprayed to the canopy. Dosages were
difficult to compare between the considered studies given the wide range of tested products and
the uncertainty in their actual composition. Regarding the number of applications, biostimulants
are generally applied following a calendar-approach, covering most of the growing season. When
their use is intended to enhance crop tolerance toward environmental stresses, biostimulants are
mainly applied before the stressful event to prime plant physiological defenses. Further studies based
on multiple-year research projects and standard methodological protocols are urgently needed to
verify a clear compliance with biostimulant claims and to evaluate their cost-effectiveness for the
fruit production sector.

Keywords: dosage; time of application; seaweed; protein hydrolysate; silicon; fruit quality;
abiotic stresses

1. Introduction

Because of the public concern about the use and/or abuse of chemical inputs (pesti-
cides and fertilizers) in agriculture and the urgent call guided by government, authorities
for more sustainable production systems [1] have significantly boosted the interest of the
food industry for innovative and bio-based technologies able to decrease the environmental
impact of the current production systems. Among new technologies, biostimulants have
constantly increased their relevance in the last years and their economical relevance is
expected to grow further in the future [2]. Biostimulants fit perfectly within the paradigm of
the circular economy, often being the final products of processes of harvest, transformation
and reuse of different natural-urban-industrial-agricultural waste materials [3]. After a
period of fast and uncontrolled growth, at the European level, biostimulants have been
recently defined based on their presumed effects on crop performances [4]. According to
this claim-oriented definition, biostimulants are products able to improve one or more of the
following plant or plant rhizosphere characteristics: (i) nutrient use efficiency; (ii) tolerance
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to abiotic stresses; (iii) quality traits; (iv) availability of confined nutrients in the soil or
rhizosphere. Within this legal framework, biostimulants have been further classified into
microbial (beneficial fungi and bacteria) and non-microbial (plant and seaweed extracts,
biopolymers, protein hydrolysates, amino acids, humic acids, and minerals).

The availability on the market of a plethora of biostimulant products with different
origin and putative functions might be taken as a good demonstration of their practical
effectiveness and reliability as agronomic tools. Nevertheless, there is currently still a lack
of precise and scientifically sound indications for the most effective mode of applications of
biostimulants, even though their introduction in many integrated and organic production
protocols for horticultural products has already become a praxis. This uncertainty is surely
due to the actual nature of these products, whose composition often eludes the possibility
for a detailed identification and quantification of all components with biological effect.
Moreover, the composition of the same product category can change significantly depend-
ing on the type of raw material used as well as the conditions of the production process. A
further consideration is that the biological effect induced by a biostimulant product can
be ascribed to the combined effect of several molecules interacting together, rather than
the cumulative result of the individual effect of each single molecule. If all these aspects
are considered, including the interaction between the applied biostimulant and the plant
genotype (specie, cultivar, clone) and/or the growing conditions (seasonal climatic vari-
ability), the final outcome is an extremely complex and somehow undetermined. From the
methodology point of view, this complexity can be described as a sort of “methodological
nightmare” [5], and possibly the reason for many inconclusive or incomplete researches on
the topic.

This review aimed at providing practical information about the mode of application
of different non-microbial biostimulant products. The literature research was decided to be
restricted to selected biostimulant categories such as seaweed extracts, protein hydrolysates,
humic, fulvic acids and inorganic compounds. As for the latter category, it consists of
several beneficial elements, including aluminum, cobalt, sodium, selenium and silicon.
In this review, the analysis was focused on Si alone since it is by far the most studied
and relevant one, at least concerning fruit crops. The microbial biostimulants (i.e., the
arbuscular mycorrhizal fungi and the plant growth promoting bacteria), because of their
specificity in terms of mode of action (i.e., possible interaction with other microorganisms
and the target crop) and application (dosages referring to spores number or colony forming
unit), were not considered in this review. This approach allowed us to focus only on those
products whose application methods are generally described following a certain standard
of uniformity, therefore allowing interesting comparative evaluations between crops and
growing conditions (protected or open field). The review is intentionally practically ori-
ented, summarizing information in tables where, for each considered biostimulant category
and purpose of application, the relevant aspects related to the mode of use (dosage, type
of application, time, and number of applications) are provided and made available for
an immediate and critical consideration. The review paper concludes by proposing some
methodological criteria to follow for a claim-based evaluation of biostimulant effects and
for the definition of the most efficient mode of use of these products.
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2. Seaweed Extracts: Effects and Ways of Applications
2.1. Origin and Composition

Seaweed extracts can be obtained from species belonging to different Phyla, such
as Rhodophyta (red algae), Chlorophyta (green algae) and Phaeophyta (brown algae) [6].
Main components of algal extracts potentially expressing biostimulant effects are macro
and micronutrients, polysaccharides, plant hormones, phenolic compounds, sterols and
betaine [7]. The qualitative and quantitative composition of the extracts can be very
different, being affected by the type of the seaweed species and by other important factors
including the location and seasonal time of the harvest, and the extraction process. Any
consideration related to dosages and ways of application of seaweed extracts should
therefore carefully consider the actual composition of the selected products. Moreover,
seaweed extracts can be applied to crops in different ways. Foliar sprays represent the
predominant way of application, whereas application as soil amendment (by drenching or
root dipping before planting) is generally restricted to specific aims related to the contrast
of soil fatigue and/or soil borne diseases [8]. In both cases, the seaweed biostimulant actual
absorption by the crop will depend also on environmental factors (temperature, air and soil
humidity, radiations), which are able to affect the plant’s general physiological status and
consequently the possibility that the product’s components will be taken up (through the
stomatal openings or root absorption) by the plants. Despite green and red algae extracts
being demonstrated to exert significant biostimulation activity when applied to different
vegetable and horticultural crops [9–13], the literature on their application on fruit tree
crops is very scarce. Finally, seaweed extracts can also be obtained from microalgae (i.e.,
Spirulina spp., Chlorella spp., Dunaliella spp. and others). The advantages in production
of biostimulant products from microalgae are many (i.e., the high concentration of cells
obtainable in photobioreactors, the uniformity and stability of the extract composition, the
overall higher environmental sustainability of the growing processes), but unfortunately
their targeted applications in crop science is still limited, especially with regard to fruit
crop [14,15].

2.2. Seaweed Effects

The effect of seaweeds applications on several crops has been widely investigated
and extensive review works on this topic have been published in the last years [7,16–18].
Seaweed application has been shown to provide a range of services to crops. These include
plant growth promotion (increased yield and/or biomass accumulation), increased quality
of the harvested products (enhancement in the content of selected primary and secondary
components of the quality) and higher tolerance toward stress, both abiotic (water and
nutrient limitation, salinity) and biotic (antifungal and antibacterial properties) [6]. This
experimental evidence has been obtained on different crops (annual species, ornamentals,
vegetable and fruit crops), under different cultivation systems (open field, greenhouse).
Here the aim is to provide a rational and organized view of the several aspects of seaweed
application methods, listed within their areas of target actions on cropping systems.
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2.3. Seaweed Application Methods to Increase Tolerance toward Drought

Table 1 summarizes the main features of seaweed applications to contrast drought
stress in horticultural crops. Most of the considered experimental works have been con-
ducted under controlled or semi controlled conditions and with potted plants. Despite
this evidence reflecting the need to create an artificial environment to induce controlled
drought stress in plants, it also made clear the current gap of knowledge represented by
the availability of scientific information on seaweed efficacy against water stress under
open field conditions. When indications about the product typology were included in the
methodology, brown algae were generally reported as the main raw material used for the
obtainment of the seaweed extracts. Seaweed products were applied at concentrations
ranging from 0.1 to 0.5%, mainly as foliar sprays, often in combination with a low amount
of wetting agents. In a couple of studies (on grapevine [19] and on sour orange [20]), foliar
and drench ways of application were compared, with contrasting results. In grapevine, the
foliar application fostered photosynthetic recovery after drought stress, whereas drench
application did not provide any effect on vine physiological condition [19]. In sour orange,
only the drench application increased stem water potential during water stress and the final
biomass accumulation, whereas foliar application did not show a relevant effect on plant
performances under water limitation [20]. Seaweed applications were generally repeated
before and during the drought stress event, creating the conditions for a possible priming
effect on the plant capacity to overcome the stressful condition. No studies were performed
with the aim to investigate the curative potential of seaweed applications on a crop that
already underwent a period of water limitation. Outcomes of the considered researches
generally pointed out the capacity of treated plants to recover faster from a water stress
condition than untreated plants, even though the physiological indicators selected in the
study were not always able to depict significant differences in terms of growth and yield.
Moreover, when seaweed products sharing the same origin were compared, different plant
biochemical responses were induced in plants, therefore outlining the relevance of the
actual product composition on the final expected results [21].
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Table 1. Seaweed application methods to increase tolerance toward drought.

Seaweed
Description Crop Growing

Conditions
Application

Method Dosage Intervention Time Drought Stress
Application

Effects on Crop
Performances References

Seaweed origin
not defined Grapevine Potted plants in

greenhouse Foliar 0.1%

2 × week for a
period of 60 days

(16–17 applications
in total)

One water regime
(irrigation was

withheld for 6 days
and then reapplied)

Increased midday leaf
water potential, stomatal

conductance and leaf
net-CO2 exchange rates.

[22]

A. nodosum
(alkaline

extraction)
Grapevine Potted vines in

greenhouse Foliar or drench 1 g L−1 (0.1%) +
wetting agent

6 applications in
total, 5 before the
stress and 1 at the

end of stress period
(priming and

recovery)

One water regime
(Irrigation was

withheld for 20 days
and then reapplied)

Foliar applications were
effective in fostering

photosynthetic rate after
recovery. Drench

applications did not affect
vine recovery

[19]

A. nodosum
(alkaline

extraction)
Grapevine Potted vines in

outdoor space Foliar 1 g L−1 (0.1%) +
wetting agent

2 applications,
1 week before the

stress event
(priming)

One water regime
(irrigation was

withheld for 5 days
and then reapplied)

Increased water
conductivity, lower leaf

temperature during stress,
faster recovery of

photosynthetic capacity

[23]

Seaweed
(undefined origin)
containing Alginic

acid 16%)

Table grape Open field Foliar 0.5%
2 applications (at

millet-size and two
weeks later)

Two water regimes:
well-watered (WW,

irrigation after 60 mm
evapotranspiration);
drought stress (DS,

irrigation after
100 mm ET,

evapotranspiration)

Seaweed extract (SE)
increased the yield of DS

vines by >80% as
compared to DS control.

SE increased ABA,
proline, total phenol, and
soluble carbohydrates in

DS leaves

[24]

A. nodosum
(alkaline

extraction)
Orange Unshaded

greenhouse

Foliar or drench
spray, once per

week
5 mL L−1 (0.5%)

1 × week
(12 applications in

total)

Two irrigation
regimes (100% and

50% of ET)

Increased vegetative
growth and water use

efficiency.
[25]

Seaweed origin
not defined Strawberry High tunnel Foliar 1.33 g L−1

(0.133%)

4 applications at
20 day interval over
a 7 months period

(1st application
1 month after

transplant)

Four irrigation
regimes (0.5, 0.75, 1.00

and 1.25 of ETc)

No indication on plant
physiological condition.
Improved fruit quality

[26]
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2.4. Increase Nutrient Uptake and Nutrient Use Efficiency

Table 2 reports selected indications from the literature about the use of seaweed bios-
timulants to enhance nutrient uptake in horticultural crops. Once again, in the totality of
the considered research papers, the experiments were conducted with plants cultivated in
pot conditions. All studies used brown algae-derived products, the only exception being
the green algae used by Mugnai et al. [27] on grapevine. When applied as foliar spray,
the concentration ranged between 0.1 and 0.8% with multiple applications during the
growth season. In only one experiment, a commercial seaweed extract was tested against
an induced iron chlorosis [28]. In this case, a single drench application of brown seaweed
extracts at high dosage (33% solution with tap water) was able to increase iron uptake with
positive consequences on strawberry plants’ growth, yield and physiological status. A
similar study was also conducted on hydroponically cultivated tomato plants where iron
chlorosis was induced by removing iron from the nutrient solution [29]. None of the four
seaweed-based biostimulants (three from A. nodosum and one from D. potatorum) were effec-
tive in increasing Fe uptake, even though there were some modifications in the activation
of the antioxidant systems (superoxide dismutase, catalase) in Fe-deficient plants.
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Table 2. Seaweed application methods to increase nutrient uptake and nutrient use efficiency.

Seaweed Description Crop Growing
Conditions

Application Method
and Dosages Intervention Time Effect on Nutrients Uptake and Crop Growth

Performances References

Seaweed origin not
defined Grapevine Potted plants in

greenhouse Foliar, 0.1%
2 × week for a period of

60 days (16–17
applications in total)

Increased influx of K+ and Ca2+; increased
macronutrients accumulations in all plant organs.

Increased total biomass accumulation (dry weight)
[22]

Seaweed extracts from
brown and green algae Grapevine Potted plants in

greenhouse Drench, 0.1%
1 × week for a period of

110 days (15–16
applications in total)

Brown algae increased plant growth and root
biomass; green algae were mostly effective in

increasing NH3
+ and K+ absorption

[27]

Seaweed extracts
(A. nodosum) Almond Potted plants in

greenhouse
Foliar, dosages not

reported
2 or 3 times at weekly

interval

Increased K uptake under K deficiency conditions.
Increased leaf area and overall biomass

accumulation
[30]

Extracts from brown
seaweeds (Sargassu,

Laminaria, A. nodosum)
Strawberry Potted plants in open

conditions
Drench by fertigation,

0.2–0.8%
Two applications, at

flowering and 20 d later

No effects on leaf macronutrients concentration.
Increased Cu and Zn at leaf level. No indication

about plant growth and yield
[31]

Seaweed extracts from
brown algae Strawberry Potted plants in

greenhouse

Drench, 33.3% (10 mL
of product in 20 mL

tap water)

Once, 1 week after
lime-induced chlorosis

Increased rhizosphere acidification with consequent
higher iron ions uptake. Increased vegetative

growth, leaf chlorophyll content, stomata density,
photosynthetic rate and yield.

[28]
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2.5. Seaweed Application Methods to Increase Yield and Product Quality

Studies on the effect of seaweed extracts (all derived from brown algae, A. nodosum)
on fruit quality were generally conducted in open field conditions, with few exceptions
(Table 3). Seaweed-based biostimulants generally did not affect yield in fruit crops. Only
on apple (cv Fuji), seaweed applications reduced the intensity of the alternate bearing in
trees growing under a controlled nutrient deficiency [32]. Seaweed products were generally
applied by foliar sprays at concentrations ranging from 0.15 to 0.7%, often together with
small amounts of wetting agent to increase the homogeneity of the product distribution
over the plant canopy. Effects on primary fruit quality traits (e.g., sugar content and
titratable acidity) were generally negligible, whereas seaweed extracts were often able
to modulate the fruit phenolic profile, specifically increasing anthocyanins content and,
consequently, fruit external coloration. This effect was confirmed in red grapevine cultivars
(Sangiovese, Pinot noir, Cabernet sauvignon), independently from the area of cultivation
and the seasonal meteorological conditions [33,34], on apple [35] and on strawberry [36].
Furthermore, brown algae applications were able to modulate the secondary metabolism of
fruits, as indicated by the modified phenolic and aromatic profile of treated must and wine
from a white grapevine cultivar (Tempranillo) [37–39]. Canopy sprays were often repeated
during the growing season at a 1–2 week interval, generally covering the phenological
phases from blooming to beginning of maturation (Table 3). In grapevine, applications
were generally performed from pea-size berry stage until after veraison [33,34], whereas
in other crops (i.e., strawberry), the first applications preceded blooming time [40] and
subsequent sprays were performed up until one week before the first harvest.
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Table 3. Seaweed application methods to increase yield and product quality.

Seaweed Description Crop Growing
Conditions

Application
Method Dosage Intervention Time Effects on Crop Yield and Quality References

Seaweed extracts
(A. nodosum) Apple Open field Foliar 0.27% (4 kg ha−1)

1 × week, from 40 days after
bloom until 1 week before
harvest (12 applications)

No effect on yield. Increased fruit quality at harvest
(+50%–+87% of the fruits with more than 75% skin

overcoloration; +220% of total anthocyanin content in the skin)
[35]

Seaweed extracts
(A. nodosum) Apple Open field Foliar

3.51 and 1.17 L ha−1 (0.351 and
0.117% if a total volume of

1000 L ha−1 was used)

7 applications during the
growing season

No effect on fruit yield. Sunburn incidence reduction
(~−80%) in treated fruits [41]

Seaweed extracts
(A. nodosum) Apple Open field Drench by

fertigation
30 L ha−1 (total volume

unknown)
4 applications during the

growing season

Reduce alternate bearing in trees under sub-optimal
fertilization regime. Increased leaf chlorophyll content

(~+12%) and leaf photosynthetic performance
[32]

Seaweed extracts: (i)
A. nodosum plus K and

Zn; (ii) microalgae
Apple Open field Foliar 100 mL/50 L and 200 mL/50 L

(0.2% and 0.4% in volume) 7 applications from fruit set Increased fruit nutritional quality. Microalgae enhanced
fruit redness (by 5-fold) and color index (by 8.5-fold) [42]

Seaweed extracts
(A. nodosum) Grapevine Open field Foliar

1.5 and 3 kg ha−1 (equivalent to
approximately 0.15 and 0.3%

concentration) with wetting agent

4 applications at 10–20 day
interval, starting 2 weeks

before veraison

No effect on yield. Increased anthocyanins and phenolic
compounds concentrations (both by ~+40%) [33]

Seaweed extracts
(A. nodosum) Grapevine

Open field and
semi-controlled

conditions
(potted vines)

Foliar

Open field: 1.5 kg ha−1

(equivalent to 0.15%
concentration); potted vines: 3%;

use of a wetting agent

Open field: 6 applications at
7–15 day interval, starting
from pea-size stage; potted
vines: 5 applications during

the season

No effect on yield and technological quality traits.
Increased anthocyanins (~+10%) and phenolic compounds

(~+14.5%) concentrations. Reduction in grey
mold incidence

[34]

Seaweed extracts
(A. nodosum) Grapevine Open field Foliar Low dosage (0.25% v v−1); high

dosage (0.5% v v−1)

Two applications: the 1st at
veraison, the 2nd one

week after

High dosages increased catechin (~+48%) and flavonols
(~+37%) concentration in berry and must; higher amino acids

concentration and yeast assimilable N in must and wine
(~+35%); increased C6 aromatic compounds in wine (~+6%)

[37–39,43]

Seaweed extracts
(A. nodosum) combined

with silicon
Strawberry

Semi-
controlled
conditions

(plastic tunnel)

Foliar 2 mL L−1 (0.2%) in combination
with SiO2

4 applications from
blooming to early fruit

development

Increased early fruit maturation and yield (~+12%).
Increased anthocyanins in first harvest (~+30%). Reduction

in sugars (−20%)
[36]

Seaweed extracts
(A. nodosum) Strawberry Greenhouse Foliar 4 g L−1 (0.4%)

7 applications at weekly
interval from pre-flowering
to fruit development stage

No effect on total yield and primary quality traits.
Increased total phenolics content in fruits (~+20%). [40]

Seaweed extracts
(A. nodosum) Olive Open field Foliar

0.5% (v v−1) in combination
with N and B. Use of a

wetting agent

1 application, 10 day after
full bloom

Increased oil productivity (~+30%) and oil content in oleic
(~+6.5%) and linolenic acid (~+18%); decrease in

palmitoleic, stearic and linoleic acid (~−18÷−25%)
[44]

Seaweed extracts
(A. nodosum)

Sweet
cherry Open field Foliar 0.7% (v v−1)

3 applications (6, 4, 2 weeks
before harvest)

No effect on yield and quality. Possible reduction in fruit
cracking (−10%, but no statistics applied) [45]
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3. Silicon: Effects and Ways of Application
3.1. Origin and Composition

Silicon (Si) in soil generally occurs in complexed forms like aluminum and crystalline
silicates, reaching high concentration in mineral soil (up to around 28%) [46]. These forms
of Si are not available for plants that can absorb Si mainly as silicic acid, Si(OH)4. According
to concentration in the plant tissues, Si can be considered as a macro (>0.1% dry weight) or
a micronutrient (<0.05% dry weight) depending on the crop species [47,48]. As a general
indication, monocots (e.g., Poaceae) accumulate more Si than dicots. Among the latter, crop
species belonging to Cucurbitaceae (e.g., cucumber), Fabaceae (e.g., pea), Rosaceae (e.g., elm),
and Asteraceae (e.g., sunflower) have been found to be particularly rich in this element [49].
Soil desilication can occur because of the progressive Si removal with the harvest products.
However, Si deficiency becomes rarely limiting for horticultural crops since these crops are
not strong Si accumulators and because Si can be replenished with the irrigation, as water
is also a source of silicon [50].

3.2. Commercial Si-Containing Products

Silicon-based products can be solid or liquid. Solid Si products are obtained from
different sources (rocks, sediments, by-product from plants, recycled material) and therefore
are characterized by very different Si content and properties (availability for the plant)
depending on the characteristics of the raw material [51]. Silicon products can also be
formulated as amorphous silica powder consisting of nanoparticles with sizes between
10 and 100 nm. Liquid products contain Si in different formulations, such as mono or
polysilicic acid. The Si concentration of liquid products corresponds to the Si content
available for the plants. At high Si content, the product pH is high (around 9) and therefore
dilution is required before product application [46]. Finally, silicon can be also formulated
as colloidal gel of silicic acid.

3.3. Silicon Effects and Mode of Application

Beside the role as mineral nutrient for plants, silicon is also considered a biostimulant
because of its capacity to interfere with different plant physiological processes, leading
to increased plant growth, photosynthetic activity and tolerance toward environmental
stressors [17]. These effects can be the consequence of mechanical or metabolic changes
that occur in Si-treated plants. Mechanical changes are those typically induced by silica
deposition (phytoliths formation) in the cell wall of epidermal cells [52]. Phytoliths increase
cell wall thickness and mechanical strength with numerous positive consequences on leaf
orientation (thereby photosynthetic capacity) and overall sturdiness against environmental
threats (biotic or abiotic) [47]. Metabolic changes induced by Si applications are those
responsible for the limitation of the oxidative damages caused by ROS (reactive oxygen
species) in plants undergoing different stresses. Si has been found to be able to promote
the antioxidant activity of selected enzymes (SOD, CAT, APX and others), therefore pro-
tecting plant cells from proteins, lipids, carbohydrates, and DNA degradation caused by
ROS [53–55]. Beside protection from oxidative damage, Si can enhance water use effi-
ciency under drought conditions by reducing cuticular and stomatal water losses due to
transpiration [56].

Si-based products can be applied to the soil or by foliar sprays. Soil application is the
most effective way to increase Si concentration in plant tissues. Si is absorbed as silicic
acid at root level and, once entered in the xylem vessels, transported to shoots and leaves
through the transpiration stream. At transpiration sites, Si accumulates as amorphous silica
typically close to stomata openings, trichomes, lumens and intercellular voids [52]. Foliar
application is less efficient in increasing Si concentration in plant tissues and generally
requires high concentration of the sprayed solution (up to 1500 ppm) to be effective [46].
Nevertheless, the foliar application allows one to bypass problems related to possible
Si immobilization in the soil and is therefore often chosen when repeated sprays of a
target organ are needed. In this case, Si can be absorbed directly through the cuticle layer
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or through openings in the leaf surface (cracks close to trichomes, stomata, pores and
hydathodes) [46].

3.4. Silicon Application Methods to Increase Tolerance toward Drought and Salinity

Table 4 reports the available experimental indications of the use of silicon to contrast
drought or saline stress in fruit crops. The most common Si formulation tested in these
experiments was potassium silicate (K2SiO3), applied to the soil with the fertigation sys-
tem [57] or, under greenhouse conditions, by pouring the Si-based solution directly inside
the pot [58,59]. K2SiO3 was generally applied to the soil more than one time during the
growing season with a Si concentration that ranged between 0.5 and 19.4 mM. However, a
comparison between dosages was not always possible due to lack of clarity in the reported
experimental methodology. Under different experimental conditions, K2SiO3-treated plants
generally showed milder symptoms of water or salt stress, probably thanks to the higher
metabolic antioxidant enzymatic activity against ROS molecules. Beside potassium silicate,
other tested Si formulations were calcium metasilicate (Wollastonite, CaSiO3) and silicon
nano particles. Foliar sprays with Si nanoparticles were performed at high concentrations
(5.3 and 10.6 mM Si) and were effective in partially overcoming the salt stress effects on
mango trees [60].
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Table 4. Silicon application methods to increase tolerance toward drought and salinity.

Silicon Formulation Crop Growing
Conditions

Application
Method Dosage Intervention Time Drought or Salinity Stress

Application Effects on Crop Performances References

Potassium silicate
(K2SiO3) Mango Open field Fertigation 1.5 mM Si

(0.04 g L−1) Every two weeks
Drought stress: two water

regimes (water potential Ψs:
−0.18 and −0.77 bars)

Reduced ABA concentration and increased
antioxidative enzymes activity. Enhanced growth
and yield in treated trees. Increased tolerance to

water stressed conditions

[57]

Potassium silicate
(K2SiO3·9H2O) Grapevine Potted plants

in greenhouse Drench
2 mM of

K2SiO3·9H2O
(0.3 g L−1)

Once Salinity stress: application up
to 100 mM NaCl

Si mitigated the effect of the salinity stress by
increasing leaf photosynthesis and the maximum
yield and potential photochemical efficiency of the

photochemical reactions in photosystem II.

[58]

Wollastonite
(CaSiO3) Apple Potted plants

in greenhouse Drench
0.5, 1 and 2 mM Si

(0.0014–
0.028–0.05 g L−1)

Twice per month
(4 in total)

Salinity stress: 0 and 35 mM
of NaCl

Increased stomatal conductivity, chlorophyll
concentration and biomass accumulation as

compared to salt stressed plants
[61]

Silicon nanoparticles
(5–15 nm) Mango Open field Foliar sprays

5.3 and 10.6 mM Si
(0.15 and

0.30 g L−1)

Two applications:
at full bloom and 1

month after

Salinity stress: use of
salinized drainage water

(NaCl concentration
not reported)

Increased leaf area, nutrients uptake, yield and
fruit quality in salt-stressed plants treated with

the nanoparticles
[60]

Potassium silicate
(K2O3Si) Strawberry Potted plants

in greenhouse Drench 9.7 and 19.4 mM Si
(1 and 1.5 g L−1)

One application
per week for two

months
(two seasons)

Salinity stress: 0 and 50 mM
NaCl, added to

nutrient solution

Increased peroxidase and superoxide dismutase
enzyme activity. Reduction of proline content.

Increased fruit yield in salt-stressed plants.
[59]
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3.5. Silicon Application Methods to Contrast Nutrient Imbalances and to Increase Si Concentration
in Plant Tissues

Table 5 summarizes methodological indications of the use of Si to overcome plant
nutritional imbalances. Experiments on fruit crops were conducted in soilless conditions,
with few exceptions. On strawberry, potassium silicate or silicic acid were applied at a
concentration of 1.5–1.7 mM several times during the growing phases (from bud break
to fruit development and maturation) [62,63]. Si applications by fertigation were found
to be more effective than foliar sprays in promoting yield and fruit quality, even though
Si was not efficient when used on Fe-deficient plants [62]. Under open field conditions,
with soil cultivated crops (i.e., strawberry), improvement of the yield potential was not
confirmed, highlighting the prevalence of the growing environment over the Si supply
on yield parameters [63]. This evidence was also confirmed on blueberry, where growth
performances were enhanced by Si applications in plants growing on a coconut fiber
substrate but not on those plants growing on a sand [64]. Fertigation with silicic acid was
also tested as a means to contrast soil acidification in a young apple orchard [65]. Si was
unable to enhance soil pH, but partially inhibited Mn and Al uptake with positive effects
on tree health conditions and fruit yield [65].

3.6. Silicon Application Methods to Increase Yield and Quality

Table 6 lists relevant publications dealing with the effects of silicon applications on fruit
crop yield and product quality. The formulations used were rather different (i.e., potassium
silicate, metasilicate), and also included commercial products characterized by a complex
mix of nutrients (Zn, Fe, Mn) in combination with Si [35,36,40]. The Si concentration in the
tested formulations varied a lot in the different experimental conditions. Under open field
conditions, drenching applications generally were performed at higher Si concentrations
(178–280 mM Si) [66,67] as compared to foliar sprays (0.05–98.2 mM Si) [35,68]. Under
greenhouse conditions, with potted plants, Si was applied to the leaves or by fertigation
at low concentrations, ranging from 0.08 to 0.5 mM Si [40,69]. Independently from the
application method, Si supply was repeated several times during the season, covering
different growth stages of the considered crop. Overall, Si induced higher fruit firmness
and, consequently, longer shelf life of perishable fruits (table grape and raspberry) [69,70].
Moreover, Si reduced the incidence of post-harvest disorder in stored fruits (on apple [35]).
Finally, Si-treated plants were often more productive, independently from the growing
conditions (open field or greenhouse) or the considered crops (strawberry, avocado, wine
grape, table grape and raspberry) (Table 6).
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Table 5. Silicon application methods to contrast nutrient imbalances and to increase Si concentration in plant tissues.

Silicon Formulation Crop Growing
Conditions

Application
Method Dosage Intervention Time Nutrient Imbalances Effects on Crop Performances References

Silicic acid (H4SiO4) Strawberry

Soilless
cultivation

(with organic
substrate or

coconut fibers)

Foliar or
fertigation

1.5 mM Si
(0.04 g L−1)

At visible
inflorescence,

flowering and fruit
development

No Fe, Fe-deficiency and
Fe-sufficiency

Drench application more effective than foliar. No Si
effects on Fe-deficient plants. Increased yield, fruit

quality and shelf life in Si-treated plants growing on
organic substrate

[62]

Liquid potassium
silicate (K2O3Si) or

Wollastonite
(CaSiO3)

Strawberry

Soilless or
open field

(soil)
cultivation

Fertigation
and to the

soil at
plantation

1.7 mM (0.047 g
L−1); CaSiO3: 0, 12,

24, 36 g plant−1

Constant,
bi-weekly (K2O3Si)

or at plantation
(CaSiO3)

None reported; different
growing media

Under soilless conditions, Si increased yield fruit
marketability; no Si effect independently from dosages

and formulations under field conditions
[63]

Commercial product
(Siliforte) Blueberry Soilless

cultivation Fertigation 0, 0.3, 0.6, 1.2 mM
Si (0–0.033 gL−1)

Fertigation started
when 10% of the
readily available
water was used

Those related to the use
of two different

substrates (coconut fibers
vs. sand)

Increase vegetative growth between 8 and 25% in
Si-treated plants growing in coconut fibers substrate.

No effects on those growing on sand
[64]

Silicic acid (H4SiO4) Apple Open field Fertigation
0.21 mM

(180–90–60 mg
tree−1)

Fertigation started
mid May. Number
of Si applications:

12, 6, 4

Soil acidification below
irrigation drippers

Si applications (high rate) reduced trunk bark and leaf
concentration of Mn and Al, whereas Si increased.

Si-treated trees (high dosage) increased growth and
yield, while reducing bark necrotic disorder

[65]
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Table 6. Silicon application methods to increase yield and quality.

Silicon Formulation Crop Growing
Conditions

Application
Method Dosage Intervention Time Effects on Product Quality References

Commercial product
(Siliforce®) containing
silicic acid (H4SiO4) in

combination with
other minerals

Apple Open field Foliar spray 0.05 mM Si (0.2 mL L−1

Siliforce®)

1 × week, from 40 day
after bloom until 1 week

before harvest
(12 applications)

Depending on the season, Siliforce increased pulp
antioxidant potential (up to +100%) and reduced
post-harvest disorders in stored apples (~−10%)

[35]

Commercial product
(Siliforce®) containing
silicic acid (H4SiO4) in

combination with
other minerals

Strawberry Greenhouse Foliar sprays 0.08 mM Si (0.3 mL L−1

Siliforce®)

1 × week from
transplantation to fruit

maturation
(7 applications in total)

Siliforce applications increased root biomass (~+150%)
and Si concentrations in roots and leaves. Si-treated

strawberry increased yield (+20%); fruit showed lower
ascorbic acid content (~−23%)

[40]

Silicon dioxide
(Optisyl®, SiO2) in
combination with
seaweed extracts

Strawberry
Soil cultivation
system under
plastic tunnel

Foliar spray 0.669 mM (0.2 mL L−1

Optisyl®)

4 applications from
blooming to early fruit

development

Increased yield and early maturation (~+20%).
Increased coloration (~+30% anthocyanins

concentration). Reduction in sugars (−20%)
[36]

Potassium silicate (32%
SiO2 and 21% K2O) Avocado Open field Drench 178 mM Si

(5000 ppm Si)
Two-three times

per year

Improved yield and fruit quality (40% increased
percentage of second grade fruits). No effect on tree

sanitary status
[66]

Potassium silicate (KSi,
28% Si) Sweet cherry Open field Drench 280 mM (1% soluble

potassium silicate)

3 applications, starting
from flowering at
3 weeks interval

Increased fruit flesh firmness and stem pull force (both
around 1%), without affecting sugar content [67]

Sodium metasilicate
(Na2SiO3) Grapevine Open field Foliar spray 0, 32.7, 65.5, 98.2 mM Si

(0–12 g L−1 Na2SiO3)

4 applications to the
clusters (from pea size

to maturation)

Increased yield per plant (up to +130%); higher
phenolic content in clusters treated with 4 and 8 g L−1

sodium metasilicate (~+20%)
[68]

Silicate fertilizer Table grape Open field Soil application 600 kg ha−1 (SiO2)
Once to the plow layer

at blooming

Increased yield components (cluster and berry weight,
total yield by 13.5%), increased the soluble solids to

acidity ratio (around +10%), reduced berry respiration
after harvest (~−25%), prolonged shelf life

[70]

Potassium silicate
(K2SiO4) Raspberry Greenhouse (potted

plants) Fertigation 3 mM K2SiO4 (0.495
mM Si; 13 mg L−1)

Applied with the
nutrient solution for the

whole growing cycle

Si-treated plants presented increased yield (~+14%),
higher fruit flesh firmness (~+10%) and shelf life [69]
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4. Protein Hydrolysates: Effects and Ways of Application
4.1. Origin and Composition

Protein hydrolysates (PHs) include a complex group of biostimulants that are defined
as ‘mixtures of polypeptides, oligopeptides and amino acids that are manufactured from
protein sources using partial hydrolysis’ [71]. They are generally classified based on the
protein origin (animal or plant origin) and the production method (chemical or enzymatic
hydrolysis) [72]. Both the origin and the hydrolysis method adopted strongly affect the spe-
cific composition of the PHs [72,73] and this aspect should be carefully taken into account
when comparing the dosage and mode of application adopted for different formulates.
In addition, PHs were reported to include also traces of other organic (lipids, carbohy-
drates, phenols, polyamines, etc.) and inorganic compounds (mineral elements) that may
also partially contribute to their plant biostimulation activity [72–74]. The application of
amino acids mixes or specific selected amino acids, which cannot be directly classified
as protein hydrolysates, have also found interesting applications in different fruit tree
crops (Tables 7 and 8). Protein hydrolysates (or single or mixed amino acids) are generally
applied either as foliar sprays or as soil drench. The analysis of the literature appears to
suggest that soil drench is the most common application method when the use of these
biostimulants aims to increase tree/vine tolerance to abiotic stresses, whereas foliar sprays
are more often adopted when the improvement of fruit yield and quality is desired. Few
published studies compared different timings of application of this class of biostimulants,
but there are clear evidences that their effectiveness of their foliar application in affecting
berry composition at harvest strongly depends on the specific phenological stage when
they are sprayed [75].
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Table 7. Protein hydrolysate (PH) application methods to increase tolerance toward drought, salinity and thermal stress.

PH Description Crop Growing
Conditions

Application
Method Dosage Intervention Time Drought Stress

Application Effects on Crop Performances References

PH of unspecified
animal origin

neutralized with
Ca salts

Persimmon Open field Drench 0.143–0.715 g L−1

(0.0143–0.0715%)

Every 6–8 days in the
period July–August
(7 applications) or
May–September
(24 applications)

Soil in
light-to-moderate
salinity conditions

Decreased leaf chloride content, leaf necrosis,
and stem water potential [76]

PH of animal origin
(porcine red
blood cells)

Strawberry Field trial under
plastic tunnels Drench 2.5 g L−1 (0.25%)

Every 14–30 days from
transplanting in the

period February–May
(5 applications)

Cold stress
conditions occurred
for five consecutive

nights after
transplanting

Increased biomass of newly formed roots, early
flowering and production [77]

PH of animal origin
(porcine blood) Strawberry Open field Drench 0.5–1.5 g/plant

Every 7–16 days in the
period April–May

(4 applications)

Cold stress
conditions occurred
for three consecutive

nights during
growing season

(4–6 May)

Decreased percentage of damaged flowers [78]

PH of plant origin
(soybean or lupin) or
animal origin (dairy
mix-based casein)

Grapevine Open field Foliar 1.6–6.4 g L−1

(0.16–0.64%)

Every 10 days from
fruit set to bunch

closure (3 applications)
Hot and dry summer

Decreased conductance index; increased leaf
temperature, yield and berry

anthocyanin content
[79]

PH of animal origin
(collagen-derived

protein)
Grapevine

Potted vines in
outdoor space
under tunnel

Drench 0.5 g L−1 (0.05%)

1 application (at
“flowers separating”
stage), 48 days before

the water stress
application (priming)

Two irrigation
regimes for 18 days

(100% and 30%
field capacity)

Increased leaf chlorophyll content (SPAD index),
young leaf growth, biomass in the aerial part

and berry diameter
[80]

PH of plant
origin (legumes) Grapevine Potted vines in

outdoor space Foliar 3 mL L−1
1 application (two days

after the water
stress application)

One water regime
(irrigation was

withheld in
pre-veraison for
4 days and then

reapplied)

Up-regulation of photosynthesis-related
enzymes and of metabolites involved in plant
growth, nutrients uptake and brassinosteroids

biosynthesis; delay in technological
berry maturity

[81]

Mix of amino acids Grapevine Open field Foliar 0.5%
2 applications millet

sized berry and
2 weeks later)

Two irrigation
regimes from April

to October (irrigation
applied after 60 or

100 mm evaporation
from pan

evaporation)

Increased berry size, fruit yield, and berry total
soluble solids; decreased berry titratable acidity;
increased chlorophyll, ABA, proline, nutrients,
soluble carbohydrate and proteins; increased

ROS scavenging enzymes (GPX and CAT)

[24]
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Table 8. Protein hydrolysate application methods to increase yield and product quality.

PH
Description Crop Growing

Conditions
Application

Method Dosage Intervention Time Effects on Crop Yield and Quality References

PH of plant origin
(alfalfa) or mix of amino
acid enriched with pure

phenylalanine

Apple Open field Foliar 2 g L−1 (0.2%)

Every week, from
40 days after bloom
until 1 week before

harvest
(12 applications)

Increased skin anthocyanin content (+116%) [35]

PH of plant origin (mix
of corn, sorghum,

and carob)
Grapevine Open field Drench by

fertigation

It was applied in the
ratio of 20 L ha−1 in

eight dosages, diluted
1:500 in a water solution

8 applications

Increased must polyphenols (+28%) and anthocyanins
concentration (+227%); improved red color of the must (more

bluish–red colour); stimulated petunidin synthesis (not
detected in control).

[82]

PH of unspecified
origin Apple Open field Foliar 3 g L−1 (0.3%)

Every 9–19 days from
when fruits of 43 mm

diameter
(7 applications)

Increased fruit flesh total polyphenols (+16%) and antioxidant
activity of the skin at harvest (~+20%); improved colorimetric

index of the skin after reddening (~+80%)
[42]

Amino acid
(phenylalanine) Grapevine Open field Foliar 0.75 g N L−1

(0.075%)
2 applications (veraison

and 1 week later)
Increased total must amino acid concentration (~+30%) and

yeast assimilable nitrogen (+58%) [83]

Amino acid
(phenylalanine) Grapevine Open field Foliar 0.75 g N L−1

(0.075%)
2 applications (veraison

and 1 week later)

Increased total amino acid concentration in the must (+227%)
and increased concentration of stilbenes (trans-piceid; ~+50%)

in the wine.
[84]

Amino acid
(phenylalanine) Grapevine Open field Foliar 0.75–1.25 g N L−1

(0.075–0.125%)
2 applications (veraison

and 1 week later)
Increased phenylalanine concentration (+50%–+87%) and

improved aroma profile of the must. [85]

Amino acid
(phenylalanine) Grapevine

Open field and
potted vines in

greenhouse
Foliar 0.414–0.828 g N L−1

(0.041–0.083%)

3 applications (at
16◦Brix and 2 and

5 weeks later; the latter
corresponding to

10 days before harvest)

Increased berry antioxidant activity (~+5%–~+30%) and
anthocyanin (+20%–+101%) and stilbene concentration
(+34%–+132%); activation of genes related to phenolic

synthesis pathway.

[86]

Amino acid
(phenylalanine) Grapevine Open field Foliar 0.75–1.25 g N L−1

(0.075–0.125%)
2 applications (veraison

and 1 week later)
Increased synthesis of phenolic compound in berries (+14% in

total anthocyanins) [87]

Amino acid
(phenylalanine) Grapevine Open field Foliar 0.75–1.25 g N L−1

(0.075–0.125%)
2 applications (veraison

and 1 week later)
Increased content of several anthocyanins in the wine

(+21%–+59%) [88]

Mix of amino acid of
plant origin and urea Grapevine Open field Foliar 0.36–0.80 g N L−1

(0.036–0.080%)

Every 10 days from full
veraison to harvest

(3- applications)

Increased yeast assimilable nitrogen (YAN) concentration in
berries (+89%–+163%) [75]

Amino acids
(tryptophan, glycine or

a mix of them)
Apple Open field Foliar 25–100 ppm

(0.025–0.1%)

3 applications (before
bloom, full bloom,

1 month later)

Increased leaf nutrient and chlorophyll concentrations;
Increased fruit set (+9%–+24%), fruit size (+14%–+21%) and

fruit yield (+75%–+162%); decreased fruit drop
(−20%–−31%); increased fruit carbohydrate concentration

(+7%–+46%) and flesh firmness (+18%–+79%)

[89]
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4.2. Protein Hydrolysate Effects

In the last decade, there has been a growing interest in studying the possible responses
of several horticultural crops to protein hydrolysate application [72,73,90]. Scientific lit-
erature about fruit trees has highlighted that PHs can induce a wide range of potentially
interesting effects that include (a) increasing tree tolerance of abiotic stresses (salinity,
drought, and thermal stress), (b) positively affecting yield components (number of fruits
and fruit size) and several compositional and physical traits directly related to fruit/berry
quality at harvest (Tables 7 and 8). These studies were carried out by adopting either
open-field trials or experiments under semi-controlled conditions (field experiments under
plastic tunnels or trees/vines grown in containers).

4.3. Protein Hydrolysate Application Methods to Increase Tolerance toward Abiotic Stresses

Research on this topic focused mainly on three kinds of abiotic stresses—drought, cold
and salinity (Table 7). Most of these studies were carried out on plants grown under field
conditions (one under plastic tunnel), whereas two of them involved potted grapevines.
In those studies aiming to test the suitability of PHs in improving the plant tolerance to
salinity and cold stress, the biostimulants were applied only as drench, whereas in the
trials on drought tolerance, PHs were applied either as drench or as foliar sprays. Most of
the PHs adopted were of animal origin (Table 7), whereas in two cases they were either of
plant origin [81] or they were described as a mix of amino acids of unknown origin [24].
PHs were applied at concentrations ranging between 0.01 and 0.64%. The application of
PHs was often repeated several times during the vegetative season, but in three of the
studies they were applied only once [80,81] or twice [24]. As previously described for
the seaweed extracts, PH application was often done before and then repeated during
and/or after the occurrence of the abiotic stress and this suggests a possible priming action
exerted by PHs toward low-temperature thermal stress [77,78] or other abiotic stresses [79].
This hypothesis is also supported by the results of two separate studies [80,81]; one foliar
application of PHs applied before or right after (two days) the application of the water
stress treatments mitigated the impact of this abiotic stress on the physiology and the
vegetative/reproductive growth of grapevines.

4.4. Protein Hydrolysate Application Methods to Improve Product Quality

Most of these studies were carried out on trees/vines grown in open field conditions
(only one of them was on potted grapevines grown in a greenhouse) (Table 8). Differently
from when PHs were tested for increasing plant tolerance to abiotic stresses, most of the
studies highlighting significant effects of PHs on fruit/berry composition applied these
biostimulants as foliar sprays. Adopted PHs had either a plant or unspecified origin and
they were applied at concentrations of 0.036–0.3% generally repeating the application
several times during the growing season (at least two applications). The phenological
stages when PHs were applied could cover the whole fruit development (in the case of
apples) or be restricted specifically to fruit ripening (in the case of grapevines) (Table 8). As
reported for seaweed application, the major effect of PHs on fruit composition involved a
modulation of secondary metabolites such as polyphenols, anthocyanins, aroma precursors,
and volatiles, that resulted in improved fruit skin coloration, antioxidant activity, and
sensorial attributes [35,42,82,85]. Interestingly, foliar applications of amino acids induced
an increase in grape berry yeast assimilable nitrogen (YAN) [75,83].
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5. Humic and Fulvic Acids: Effects and Ways of Application
5.1. Origin and Composition

Humic and fulvic acids (HA and FA, respectively) are chemically complex humic
substances derived from the chemical and biochemical transformation of plant and animal
matter [91]. FAs are associations of small hydrophilic molecules that remain dispersed in
solution independently of the pH, whereas HAs are associations of prevalently hydrophobic
molecules that are stabilized at neutral pH [92]. Being also naturally present in nature, the
possible positive effects that these compounds can exert on plant physiology is well known,
whereas their application in horticulture has been tested mainly in the last decade [91]. For
the production of commercial formulations containing HAs and/or FAs, these compounds
are extracted by different kinds of sources such as peat, lignites, composts, soil, and raw
organic wastes [93].

5.2. Humic and Fulvic Acids Effects and Mode of Application

Humic and fulvic acids have being reported to induce in plants a range of potentially
interesting physiological responses and these include growth stimulation, nutrient uptake
enhancement, and stimulation of primary and secondary metabolism [91,93]. Despite
the large potential applications that may be derived, only a limited amount of published
research has focused on the study of the responses of fruit tree crops to the application of
this important class of biostimulants (Table 9). Most of this research aimed at exploring
the possible use of HAs and FAs to improve fruit yield and quality, whereas basically no
studies directly investigated the effects of these biostimulants on fruit crops subjected to
environmental stresses. The majority of the experiments on fruit trees and grapevines
were carried out under open field conditions, whereas the strawberry trials considered
potted plants grown in a greenhouse [40,94]. HAs and FAs, often of unknown origin, were
generally applied as foliar sprays and in a few cases as soil drench [24,95] or a combination
of these two application methods [95]. They were applied at concentrations ranging
between 0.0025 and 1.5%. In most experiments, HAs and FAs were applied 2–4 times during
the vegetative season and these treatments generally started at pre-bloom or full bloom and
were repeated during early fruit development stages. In most of the studies, the application
of these biostimulants had a positive effect on fruit yield associated with an enhanced
fruit/berry weight at harvest. Interestingly this effect was also reported in table grapes
under water stress conditions [24]. The positive effect of these biostimulants on fruit yield
was reported to be also related to an enhanced tree fertility in mango [96] and to an increased
number of fruits per tree in pomegranate [97]. This response may be of large interest for
alternate bearing fruit tree crops. Other chemical and physical attributes related to fruit
quality were also reported to be affected positively by HA and FA application (Table 9).
Among these, an increase in soluble solids content in fruit juice at harvest was often reported
in several species such as grapevine [98], peach [95], mango [96], and pomegranate [97]. In
addition, HAs and FAs can enhance the concentration of anthocyanins and vitamin C with
positive effects on fruit skin coloration and antioxidant capacity (Table 9). Most of these
positive effects on primary and secondary metabolisms were also associated with improved
plant nutritional status [40,94], leaf chlorophyll concentration [98], and photosynthetic
activity [40,98]. Similar interesting responses were also reported in grapevines exposed to
drought stress [24].
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Table 9. Humic and fulvic acid (HA and FA respectively) application methods to increase yield and product quality.

HA and FA
Description Crop Growing

Conditions
Application

Method Dosage Intervention Time Effects on Crop Yield and Quality References

HAs and FAs from
vermicompost Apricot Open field Foliar 5 g L−1 (0.5%)

3 applications (red ball, fruit setting
and fruit development)

Increased antioxidant activity in fruits at harvest
(~+60%–~+220%) [99]

HAs from
vermicompost Grapevine Open field Foliar 0.58–0.73 g L−1

(0.058–0.073%)
2 applications (pre-bloom, fruit set)

Increased berry weight, berry volume, bunch weight, fruit
yield per vine (+23%–+32%), and soluble solids content in

berry juice at harvest (+5%–+12%)
[98]

HAs of unknown origin Peach Open field
Foliar

and/or
drench

0.25−0.5% 4 applications (every 15 days
starting after fruit set)

Increased fruit weight (+31%–+78%), fruit yield per tree
(+31%–+78%), soluble solids content in fruit juice at harvest

(+18%–+51%), skin anthocyanins (+47%–+88%), and
decreased titratable acidity in fruit juice (−19%–−48%)

at harvest

[95]

HAs of unknown origin Strawberry
Potted plants

grown in
greenhouse

Foliar
0.025−0.100 g

L−1

(0.0025−0.01%)

2 applications (full bloom and 15
days later)

Increased fruit weight (+41%–+169%), fruit yield per plant
(+55%–+116%), vitamin C content (+1%–+2%), red color (a*;

+765%–+796%), leaf P, K, Ca, Mg concentration and
decreased total antioxidant capacity (−8%–−24%)

[94]

HAs of unknown origin Strawberry
Potted plants

grown in
greenhouse

Foliar 1 g L−1 (0.1%)
7 applications (every 7 days starting

from pre-bloom)
Increased fruit Chroma value (+41%), root Si concentration,

leaf photosynthetic rate and decreased leaf area [40]

HAs of unknown origin Mango Open field Foliar 0.15−0.45% 3 applications (monthly: two before
bloom and one during bloom)

Increased vegetative growth, tree fertility, fruit yield per
tree (+24%–+192%), fruit weight (+5%–+12%), and soluble

solids content of fruit juice (+5%–+11%) at harvest
[96]

HAs of unknown origin Pomegranate Open field Foliar 0.5–1.5%; 2 applications (two and eight weeks
after full bloom)

Increased fruit yield per tree (+18%–+64%), fruit weight
(+13%–+50%), number of fruits per tree (+8%–+39%),

percent of fruit juice (+5%–+10%), soluble solids content of
fruit juice (+14%–+19%) at harvest, and decreased titratable

acidity of fruit juice at harvest (−8%–−19%)

[97]
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6. Final Remarks

The main goal of the present review was to shed some light on the different mode
of use of non-microbial biostimulants in fruit crops. After the analysis of the available
literature, an extremely varied scenario emerged, characterized by a wide range of methods,
dosages, times, and number of applications. Foliar sprays were predominant for seaweed
extracts and, surprisingly, for humic and fulvic acids. Both foliar and drench (or soil)
applications were common for protein hydrolysates and silicon, depending on the purpose
of the treatment (to increase yield/fruit quality or to enhance tolerance toward abiotic
stresses, respectively). In all cases, applications were performed several times during the
considered period to sustain plant growth and productivity throughout the whole growing
season. With regards to the use of biostimulants against environmental stresses, treatments
generally were done before and during the rise of the stressful conditions, as a way to
bust the natural plant defenses, predominantly following a preventive approach. Overall,
greater consideration should be given to the actual uptake process that follows the biostim-
ulant application. Increasing the knowledge of the factors (environmental, technological)
affecting the product’s capacity to be absorbed by the target organs (leaves, fruits, roots)
would allow an higher efficacy of the biostimulant treatments with positive consequences
especially on their economic sustainability. Another aspect that should be outlined are the
different methodologies through which the product claims are generally tested. In this
respect standard methodologies and protocols for multiple-year experiments are lacking,
leading to very difficult comparisons between research outcomes. This is particularly valid
for perennial crops (as fruit trees), where the impact of the previous seasons environmental
and growing conditions might be present (i.e., carry-over effect), potentially hindering
the actual functionality and effectiveness of the biostimulant products. To deal with this
issue (i.e., the availability of common protocols to standardize the evaluation of commercial
biostimulants), the European Committee for Standardization has recently established a
technical committee (Technical Committee CEN/TC 455 on Plant Biostimulants) that will
set common rules for the products’ conformity assessment, including the authorization to
the use of the CE mark.
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