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Abstract: Agriculture is presently facing several ecological concerns related to the upsurg-
ing request for premium-value food produced in compliance with natural horticultural
tools. The use of natural substances, such as biostimulants, principally protein hydrolysates
(PHs), could be useful to maximize overall vegetable plant fitness. However, the mode of
application (foliar spray or fertigation) could affect biostimulant efficiency. The current
research was conducted to evaluate the effect of a Zea mays-derived PH (Surnan®, SPAA,
Pescara, Italy) and its mode of application (foliar spray and/or fertigation) on yield traits,
mineral profile, nutritional and functional components, along with NUE of “Florida for-
tuna” strawberry cultivated under tunnel. The findings showed that the corn-based PH
effectively enhanced yield and number of marketable fruits per plant (NMFP) compared
with the control (+20.1% and +25.4%, respectively). Fruits from biostimulated plants also
showed a higher fruit lightness and ascorbic acid and anthocyanin concentration than fruits
from control plots. Furthermore, Surnan® PH increased nitrogen use efficiency (NUE) of
strawberry plants. Captivatingly, plants biostimulated via fertigation showed the highest
fruit potassium (K) concentration, while those exposed to the foliar spray had the highest
fruit phenolic concentration. Generally, our findings recommended that the application
of Zea mays-derived PH via foliar spray could be considered a suitable tool to increase
functional traits of strawberry grown under tunnel.

Keywords: Fragaria × ananassa; non-microbial biostimulant; corn-based PH; protected
environment; plant fitness

1. Introduction
Strawberry (Fragaria × ananassa Duch.) represents an imperative fruit crop cultivated

in the north hemisphere [1]. Strawberry fruits enclose functional compounds (e.g., an-
thocyanins, folate, phenols, ascorbic acid, vitamin E, etc.) deeply connected with healing
properties [2]. The strawberry’s global production is over 10,485,454 tons [3]. At the global
level, China is the leading producer, followed by the USA and Egypt, while Spain and
the Russian Federation are the principal strawberry producers in Europe [3]. Sicily is the
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primary region in Italy for early strawberry cultivation under protected environments [4],
from September to May [5]. However, strawberry cultivation practices under protected
structures, such as tunnels and greenhouses, have an elevated ecological collision due to
the long productive cycle (8 months) and the noteworthy amounts of plastic materials,
nutrients, and pesticides employed [6].

Over the last few years, there has been an encouraging effort in creating and examining
innovative agronomic means leading toward vegetable production systems with reduced eco-
logical impact [7–10]. In this setting, the use of vegetal-derived biostimulants is a technology
with a novel and sustainable application potentiality [11]. Manifold studies [12–15] observed
that the use of plant-derived biostimulants may boost crop production and quality of fruiting
and leafy green vegetables, even when plants are subjected to abiotic stresses. In this scenario,
protein hydrolysates (PHs) are a suggested group of vegetal-derived biostimulants, suitable
also for organic farm management [16]. PHs can be supplied through fertigation and/or foliar
spray. When applied via foliar spray, PHs are soaked up by the cuticle, epidermal cells, and
stomata, and finally attain the foliar mesophyll [17]. There are reports [18–20] revealing that
PHs provoke crop fitness increment due to hormone-like activities, as well as enhancement of
mineral absorption and translocation [21,22]. Since (i) the supply of vegetal-derived PH is a
workable strategy for upsurging production and quality of vegetables, (ii) there are conflicting
results on the best practices regarding the biostimulant application mode, and (iii) there are
no studies regarding the interactive influences between Zea mays-derived PH supply and
biostimulant application modes in strawberries, detailed investigations are required. On this
basis, we examined the impact of a corn-derived PH biostimulant (SURNAN®) supplied
either via foliar spray and/or fertigation on Fragaria × ananassa cv. “Florida fortuna” overall
plant fitness. The treatment’s effects were investigated at the agronomical and qualitative
levels, focusing on crop yield and fruit nutritional and functional features.

2. Materials and Methods
2.1. Trial Field and Vegetal Material

The experiment was carried out through the fall-spring seasons (2023–2024) in an
experimental field of the SAAF Department, located in Marsala, Trapani, Italy (37◦44′53′′

N; 12◦32′41′′ E). Before transplanting, the irrigation system was installed and the soil
(Sicilian fertile land known as “sciare”) was mulched with a polyethylene film (0.05 mm).
Strawberry plants (Fragaria × ananassa “Florida fortuna”) were displaced at a density of
8 plants m−2 in polyethylene multi-tunnels. During the growth cycle, strawberry plants
were fertigated (200 kg N ha−1, 150 kg P2O5 ha−1, 300 kg K2O ha−1, and 60 kg iron chelate
ha−1). The doses were estimated contemplating the crop need, the predicted yield, and
the soil nutrient content. All farming procedures for strawberries grown in Mediterranean
climatic conditions (protected cultivation) were followed [23].

2.2. Biostimulant Treatments

Treatments via protein hydrolysate (PHs) supply were performed using Surnan®

(SPAA®, Pescara, Italy), a non-microbial biostimulant composed of 2.5% w/w total nitrogen,
8.3% w/w free amino acids (Table S1), and a number of sterols exceeding 900 ppm, obtained
from corn gluten protein. Protein hydrolysate treatments started after the first flower
emission phase. Two different doses of PH, 0 (control) or 1.5 mL L−1, were supplied via
foliar spray, fertigation, or in a combined mode (foliar spray + fertigation). The biostimulant
was administered 3 times, at flowering, fruit growth and fruit maturation stages. Control
plants received only water.
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2.3. Experimental Design and Statistics

The biostimulant application [0 mL L−1 (control) or 1.5 mL L−1] was combined with the
3 application modes (foliar, fertigation, or foliar + fertigation) in a two-factorial experiment,
resulting in 6 treatments. For each one, 90 plants were enclosed, leading to a total of
540 plants structured in a randomized complete block design (RCBD). The impacts of
biostimulant and the application mode were estimated via a two-way Analysis of variance
(ANOVA), setting application mode and biostimulant as the fixed factors. Mean differences
were analyzed via Tukey’s test (p < 0.05).

Principal components analysis (PCA) was accomplished to assess the main association
between the different application modes and PH supply, verified on the dependent variables
evaluated. Principal components (PCs) with eigenvalues superior to 1.0 were selected.
Variables were reported in a biplot associated with the decreased number of PCs, and
interrelated variables were distinguished. Statistical analyses were run through SPSS
software version 21.0 (StatSoft, Inc., Chicago, IL, USA).

2.4. Yield, Nutritional and Functional Traits, Mineral Profile and NUE

Immediately after harvest, yield features were logged on all plants. Fruits were
harvested at the full ripening stage (full red color of fruits). Yield was separated into
marketable (fruits not suffering from any visible disease or deformity) and unmarketable
and expressed as g plant−1. The number of marketable fruits per plant (NMFP) was
also logged, and the mean fruit weight of marketable fruits (FWMF) was evaluated and
presented as g.

Fruits from the third to the sixth harvest were casually collected and used to perform
analytical determination on nutritional and functional features.

To determine the fruit lightness (L*) fruits were determined in the central area of the
fruit using a colorimeter (Chroma-meter CR-400, Minolta Corporation, Ltd., Osaka, Japan).

The dry matter percentage (%) was established by drying out 90 g of fresh sample in a
ventilated oven (105 ◦C for 72 h).

To determine fruit firmness, a digital penetrometer was used to test its compressive
strength (Trsnc digital penetrometer, Forlì, Italy). The measurement was carried out by
using a 3 mm diameter stainless steel cylindrical probe. The fruit compactness values were
expressed as Newton (N).

Soluble solids content (CSS) was assessed via a digital refractometer (MTD-045nD,
Three-In-One Enterprises Co., Ltd., New Taipei, Taiwan) and expressed as ◦Brix.

The fruit’s ascorbic acid content was recorded with a refractometer via Ascorbic Acid
Test Strip. Briefly, 5 g of fruit pulp was squeezed, and a drop of the filtered juice was
applied to the ascorbic acid test strip for the determination; the measurement was repeated
twice per sample. The outcomes were shown as mg 100 g−1 fw.

Total polyphenols were estimated as defined by Doumett et al. [24]. Briefly, the
determination was accomplished via a spectrophotometric method, using catechin as a
reference standard and employing an absorbance of 740 nm. The results were stated as mg
of (+)-catechin per 100 g of fresh berries.

The anthocyanin concentration was appraised via the procedure of Rabino and
Mancinelli [25]. The pigments were measured by mixing the sample with acidic methanol
for 48 h at 4 ◦C. The mixture was then filtered, and the absorbance was measured at
530 and 657 nm. The formula A = A530 − 0.25 × A657 was employed at the end to assess
the results. The outcomes were expressed as mg of Cya-3-glucoside equivalent per 100
g−1 fw.

The fruit nitrogen content (N) was evaluated via the Kjeldahl process. Protein content
was estimated by multiplying N concentration by 6.25 and expressed as g 100 g−1 dw.
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Phosphorus (P) content was determined calorimetrically, as described by Fogg and Wilkin-
son [26], whereas the potassium (K) and magnesium (Mg) contents of the strawberry
fruit were assessed following the method described by Vultaggio et al. [7]. The mineral
concentration values were reported as mg 100 g−1 dw.

Nitrogen use efficiency (NUE) was assessed as the ratio of the yield to the application
rate of nitrogen, and it is reported as t kg−1.

3. Results
3.1. Crop Productivity and Fruit Quality

For yield traits, ANOVA did not show a significant impact of the B×T interaction
(Table 1).

Table 1. Impact of biostimulant and application mode on yield, number of marketable fruits per
plants (NMFP) and mean weight of marketable fruits (MWMF) of strawberry plants.

Treatments Yield (g/Plant) NMFP (No./Plant) MWMF (g)

Biostimulant
(B)
Ctrl 635.4 b 22.6 b 28.2 a
PH 763.3 a 30.3 a 25.3 b

Application
mode (M)

Foliar (Fol) 702.4 a 25.9 b 27.4 a
Fertigation

(Fert) 698.8 a 25.7 b 25.6 b

Fol+Fert 696.8 a 26.2 a 27.3 a
Significance

B *** (p = 0.001) *** (p = 0.001) ** (p = 0.009)
M NS (p = 0.236) ** (p = 0.008) * (p = 0.042)

B×M NS (p = 0.380) NS (p = 0.108) NS (p = 0.258)
Data with the same letter are statistically similar agreeing to Tukey test. Ctrl: untreated; PH: treated with 1.5 mL/L
of corn-derived protein hydrolysate; Fol: foliar; Fert: fertigation.

Not considering the application mode, plants subjected to corn-derived PH had
higher marketable yields than control plants, whereas, irrespective of the biostimulant, the
application mode did not affect marketable yield. As regards NMFP, ANOVA and means
separation revealed that biostimulated plants had higher values compared with plants
grown in control plots (Table 1). Averaged over biostimulant, plants subjected to Fol+Fert
treatment revealed the highest NMFP. The lowest NMFP was observed in plants exposed
to foliar or fertigation treatments (Table 1). Regarding the application mode, control plants
had higher MWMF than biostimulated plants. Plants biostimulated via foliar spray or
Fol+Fert treatments showed the highest MWMF, while the fertigated plants (Table 1) had
the lowest ones.

For SSC, ANOVA did not expose a significant influence of the interaction between the
main factors (Figure 1A).

Independently of the application mode, fruit control plants had higher SSC than
those from biostimulated plants. Contrariwise, the application mode did not significantly
affect SSC (Figure 1A). ANOVA for the L* color coordinate did not highlight a significant
impact of the B×T interaction (Figure 1B). Fruits from plants exposed to corn-derived PH
showed higher L* values than those from control plots. Inversely, the application mode
did not significantly influence the aforesaid parameters (Figure 1B). Combining B and T
significantly affected fruit firmness (Figure 1C). Fruits from control plots and those from the
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PH × Fol+Fert combination had the highest fruit firmness, whereas fruit from the PH × Fol
and PH × Fert combinations revealed the lowest firmness (Figure 1C).

Figure 1. Impact of biostimulant (B) and application mode (T) on soluble solids content (A), brightness
(B) and firmness (C) of strawberry fruits. Data with the same letter are statistically similar agreeing
to Tukey test. Results are presented as mean ± SE. Ctrl: untreated; PH: treated with 1.5 mL/L of
corn-derived protein hydrolysate; Fol: foliar; Fert: fertigation.

3.2. Fuit Dry Matter, Mineral Profile and NUE

For ascorbic acid, ANOVA did not highlight a meaningful effect of the interaction
between the fixed factors (Figure 2A).

Averaged over application modes, fruits from biostimulated plants had a higher
ascorbic acid content than those from untreated plots. Irrespective of the biostimulants,
plants biostimulated through foliar spray displayed the highest ascorbic acid concentration,
while plants biostimulated by the Fert or Fol+Fert mode of application had the lowest
fruit ascorbic acid concentration. The ANOVA did not detect a significant B×T interaction
(Figure 2B). Strawberry fruits from plants exposed to Zea mays-based PH had a higher
anthocyanin content than those from control plants. Contrariwise, the application mode
did not significantly impact fruit anthocyanin concentration (Figure 2B). For phenolic
concentration, ANOVA showed a significant effect of the interaction between biostimulant
and application mode (Figure 2C). Strawberry plants biostimulated via foliar spray had
the highest phenolic concentrations, followed by those biostimulated via fertigation or in a
combined mode (Fol+Fert). The lowest phenolic concentrations were detected in fruit from
control plants (CTR × Fol, CTR × Fert, CTR × Fol+Fert) (Figure 2C).

Combining B and T significantly affected fruit dry matter percentage (Figure 3A).
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Figure 2. Impact of biostimulant (B) and application mode (T) on ascorbic acid (A), anthocyanins
(B) and phenolic concentration (C) of strawberry fruits. Data with the same letter are statistically
similar agreeing to Tukey test. Results are presented as mean ± SE. Ctrl: untreated; PH: treated with
1.5 mL/L of corn-derived protein hydrolysate; Fol: foliar; Fert: fertigation.

Figure 3. Impact of biostimulant (B) and application mode (T) on dry matter content (A), nitrogen (B),
phosphorous (C), potassium (D) and magnesium (E) of strawberry fruits. Data with the same letter
are statistically similar agreeing to Tukey test. Results are presented as mean ± SE. Ctrl: untreated;
PH: treated with 1.5 mL/L of corn-derived protein hydrolysate; Fol: foliar; Fert: fertigation.
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Strawberry fruits from control plants had the highest dry matter percentage, whereas
those from the PH × Fol and PH × Fol+Fert combinations revealed the lowest values.
(Figure 3A). Combining B and T significantly did not affect fruit N content (Figure 3B).
Averaged over application mode, fruits from control plots had a higher N concentration
than those from PH-treated plots. However, the mode of application did not significantly
affect N fruit concentration. (Figure 3B). As for fruit phosphorus (P) and magnesium (Mg)
concentrations, statistical investigation did not display a significant effect of either the bios-
timulant or the application mode (Figure 3C,E). Strawberry fruits from plots biostimulated
via fertigation had the highest K fruit concentration, followed by those biostimulated via
foliar spray or in a combined mode (Fol+fert), which in turn revealed higher values than
those from CTR × Fol plots (Figure 3D).

Statistical analysis for NUE did not show a significant effect of the B×T interaction
(Figure 4).

Figure 4. Impact of biostimulant (B) and application mode (T) on nitrogen use efficiency (NUE) of
strawberry plants. Data with the same letter are statistically similar agreeing to Tukey test. Results
are presented as mean ± SE. Ctrl: untreated; PH: treated with 1.5 mL/L of corn-derived protein
hydrolysate; Fol: foliar; Fert: fertigation.

Irrespective of the application mode (foliar or fertigation or both), Zea mays-derived
PH increased NUE compared to the control, whereas, notwithstanding the biostimulant,
the application mode did not significantly affect NUE (Figure 4).

3.3. Principal Component Analysis (PCA)

The principal component analysis (PCA) pointed out that the first (PC1) and the
second (PC2) components represented 91.7% of the total variance (Figure 5).

Figure 5. Loading plot of the principal component analysis (PCA) for strawberry quanti-qualitative
features as modulated by biostimulant and application mode. Ctrl: untreated; PH: treated with
1.5 mL/L of corn-derived protein hydrolysate; Fol: foliar; Fert: fertigation; NMFP: number of
marketable fruits per plant; MWMF: mean weight of marketable fruits; NUE: nitrogen use efficiency;
SSC: soluble solids content.
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The PC1 and the PC2 illustrated 63.22% and 28.45% of the total variance, individually
(Table 2).

Table 2. PCA output related to the 2 PCs (PC1 and PC2).

Variables PC1 PC2

Yield 0.84 0.54
NMFP 0.75 0.64

MWMF −0.61 −0.66
SSC −0.97 −0.23

Dry matter content −0.93 −0.09
L* 0.76 0.62

Firmness 0.39 0.77
Ascorbic acid 0.92 0.37
Total phenols 0.93 0.36
Anthocyanins 0.90 0.43

N −0.88 −0.47
P −0.19 0.78
K 0.67 0.72

Mg 0.90 −0.09
NUE 0.84 0.54

Eigenvalue
Variance % 63.22 28.45

Cumulative % 63.22 91.67
NMFP: number of marketable fruits per plant; MWMF: mean weight of marketable fruits; NUE: nitrogen use
efficiency; SSC: soluble solids content.

The first component was largely positively associated to yield, NMFP, L*, ascorbic
acid, total phenols, anthocyanins, Mg and NUE, and negatively interrelated to SSC, dry
matter, and N; PC2 was primarily positively connected to yield, NMFP, L*, firmness, P,
K and NUE, and negatively linked to MWMF (Table 2). The PH × Fol is situated in the
bottom-right side of the loading plot, the Ctrl × Fol, Ctrl × Fert+Fol, Ctrl × Fert treatments
are located in the bottom-left side, PH × Fert+Fol is positioned in the upper-right side,
while PH × Fert treatment is sited in the upper-left side (Figure 5).

4. Discussion
The use of biostimulant products has become a popular agronomic practice to increase

plant performance in different growing conditions. However, the effects of biostimulants
depend on several factors. Among them, the application mode can have a crucial role.
Consequently, specific studies on the effect of different application methods on plant per-
formance are required. The aim of the current work was to evaluate the influences of a Zea
mays-derived protein hydrolysate, applied via different methods (foliar spray, fertigation,
or foliar spray+fertigation), on the quanti-qualitative response and NUE of strawberry
plants grown in a tunnel. Results on productive features revealed that, independently of
the application mode, biostimulant supply significantly enhanced yield and number of
marketable fruits per plant and, concomitantly, reduced the mean weight of marketable
fruits. These results are partially in accord with those of Vultaggio et al. [7], who described
an increase in woodland strawberry yield and mean weight of marketable fruits when
plants were treated with PH. Moreover, outcomes agree with those of Choi et al. [27] who,
by studying the influences of PH application on the qualitative and quantitative perfor-
mances of lettuce and tomato, found an increase in tomato yield and fruit number and an
enhancement of shoot yield in lettuce when PH were applied via foliar spray or through
the root system. PHs are rich in amino acids and peptides, which enhance plant growth
and production [28]. This is ascribed to the fact that amino acids can be easily assimilated
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by plants and quickly used for protein biosynthesis [29]. Particularly, Surnan® PH contains
isoleucine, proline, and valine (Table S1), which function in the increase in plant tolerance
to stresses [30,31]. Moreover, corn gluten contains free nutrients [32] that can stimulate
the metabolic processes of treated plants, favoring the growth of root systems and the
formation of new cells [33], as well as the amino acid tryptophan (Table S1), a precursor
of several components, such as auxins [34]. Notable is also the hormone-like activity that
PH induces when applied to plants, which in turn contributes to an improvement in plant
productive features [35]. Regarding the application mode, our findings revealed that the
combined application (Fol+Fert) was the best option for enhancing the number and mean
weight of marketable fruits, probably due to the optimization of biostimulant assimilation
by plants via the root system and leaves.

Fruits soluble solids content was reduced by PH applications. These data agree with
those of Vultaggio et al. [7], who reported a reduction in total soluble solids in plants
supplied with PH compared to control plants. However, our outcomes did not agree with
those of Colla et al. [36] who described an enhancement in tomato fruit TSS when plants
were treated with PH compared to untreated plants. These contrasting results suggest that
the modulation of SSC in plants via biostimulant applications may depend on plant species
and family. However, we can also hypothesize that, in our research, the use of PH shifted
the nutritive balance of plants, favoring the biosynthesis of protein rather than sugars and,
consequently, enhancing yield and depressing the production of soluble sugars.

Fruit lightness was promoted by PH treatments. These outcomes are in contrast with
those obtained by Rouphael et al. [37] and Carillo et al. [38] on spinach. These differences
can be linked to the distinct species employed. In our research, we hypothesize that the
positive effects of PH on strawberry fruit lightness might be related to the increase in plant
water uptake [39], which in turn influenced fruit hydration, conferring a shinier surface
compared with those poorly hydrated. In addition, there is evidence that PH application
can influence the biosynthesis of cytokinin and auxin, which in turn regulate the growth
and division of fruit epidermis cells [40,41], with positive effects on fruit lightness.

The study revealed a higher fruit firmness in biostimulated plants compared to the
control. This outcome is in contrast with that of Soteriou et al. [42] on watermelon but
consistent with that of Cardarelli et al. [43] on tomato. The fruit firmness increase reported
in our study might be associated with the positive outcome of PH application on cell wall
turgidity. In fact, the employment of PH can elicit the biosynthesis of polysaccharides, such
as pectin and cellulose, which are fundamental components of cell walls [44]. Moreover, the
amino acids comprised in PH are the starting point to produce proteins, enzymes, and other
structural components involved in cell wall integrity and plant resistance to mechanical
stress [45]. The beneficial effect of PH on firmness could also be linked to the enhanced
water uptake efficiency of treated plants, which in turn influenced cell turgidity and fruit
firmness [46]. As for the application mode, results underlined that the single application,
foliar or via fertigation, is the best option to increase fruit firmness.

In our research, PH application reduced N fruit concentration and increased K values.
Similarly, Sabatino et al. [47] observed that the use of a plant PH on lettuce plants signif-
icantly decreased N leaf concentration. As testified by Ertani et al. [18] and Malécange
et al. [48], plant PH application can enhance nitrate reductase activity, which in turn de-
creases nitrogen compounds in vegetables. Furthermore, Colla et al. [22] reported that the
amino acids contained in PH lead to an accumulation in phloem, which in turn decreases
nitrate uptake by roots. Consequently, the decrease in N concentration can be linked to the
plant behavior using its nitrogen reserve rather than uptaking it by the root system. As for
K, the data overlap with those of Carillo et al. [38] and Rouphael et al. [37] on spinach, who
reported significant enhancements of K concentration in plant tissues. These results can
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be explained via the different compounds comprised in PH. Indeed, according to Colla
et al. [36], the presence of signaling molecules, like amino acids and peptides, has a positive
effect on nutrient uptake and assimilation. There is also evidence that PH can modify
the expression of genes implicated in nutrient transporters across cell membranes [49].
Furthermore, as highlighted by Lucini et al. [50], PH application stimulates the root sys-
tem growth, increasing nutrient translocation and accumulation in plants. In this regard,
our data revealed that fertigation was the optimal mode of application for increasing K
concentration in strawberry fruits. Thus, we can speculate that the direct application of
biostimulant to the root system had a better effect on root growth and nutrient uptake than
the other application modes.

Biostimulant application reduced dry matter content. This decrease can be due to
the increase in plant water uptake in biostimulated plants [51]. Captivatingly, among
PH-treated plots, fruits from fertigated plants had the highest dry matter content. We
can speculate that the higher accumulation of solutes confirmed the results concerning
K concentration.

Ascorbic acid, anthocyanins, and phenolic compounds were increased by PH applica-
tion. Data are in agreement with those of Rouphael et al. [37], who observed an increase in
ascorbic acid and total phenols when spinach plants were treated with legume-derived PH.
Furthermore, results are coherent with those of Vultaggio et al. [7] on woodland strawberry
fruits. The enhancement of secondary metabolites, such as ascorbic acid, anthocyanins, and
phenolic compounds, registered in PH-treated plants is connected to the elicitation of the
enzymes implied in plant phytochemical homeostasis, to the amelioration of plant nutri-
tional conditions, and to the general modulation of plant secondary metabolism [13,22].
PH also stimulates the biosynthesis of amino acid precursors of many secondary metabolite
compounds, such as lysine and methionine [45]. Moreover, considering the aminogram
reported in Table S1, Surnan® PH contains phenylalanine, an amino acid involved in the
anthocyanin and flavonoid metabolism [52]. Remarkably, foliar application was the most
effective in enhancing ascorbic acid and phenolic concentrations, probably due to better
and quicker absorption of the biostimulant via the leaves rather than via the root system,
as also reported by Fernández and Eichert [17].

In our research, NUE was significantly enhanced by PH supply. Data are consistent
with those of Choi et al. [27] on tomato and lettuce. Additionally, outcomes agree with those
of Sabatino et al. [47], who registered enhancement of lettuce NUE when plants were treated
with PH. As stated by Kumari et al. [53], NUE is the yield obtained per unit of available
nitrogen supplied by fertilizer and/or already present in the soil. This parameter is mainly
dependent on genotype, environmental characteristics, and agronomic practices. In this
regard, it is important to underline that PH can modulate plant NUE via the activation
of genes involved in nitrogen uptake and assimilation [54] and, as already described for
nitrogen concentration, via the modulation of enzymes like nitrate reductase [48].

5. Conclusions
This study displayed the significance of the interaction between a Zea mays-derived

PH supply and different application modes on yield, nutritional and functional traits,
and NUE of strawberry. Regardless of the application mode, corn-based PH enhanced
plant productivity, fruit lightness, fruit K concentration, functional compounds, such as
ascorbic acid and anthocyanins, as well as NUE. Fascinatingly, supplying biostimulant
in a combined mode (Fol+Fert), NMFP and fruit firmness were enhanced. Corn-based
PH foliar spray (Fol) application increased some fruit functional traits, such as ascorbic
acid and polyphenols. Furthermore, when plants were exposed to Zea mays-derived PH
via fertigation (Fert), fruit K concentration was increased. Overall, our results indicate



Agronomy 2025, 15, 1314 11 of 13

that the Zea mays-derived PH is an efficient tool to enhance plant yield and nutritional
and functional components in strawberry plants cultivated under tunnels. These findings
denote an extended attempt to decrease the environmental effect of the agroecosystems,
addressing the existing ecological concerns.

Supplementary Materials: The following supporting information can be downloaded at: https:
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