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Rosemary (Salvia rosmarinus Spenn.) is a perennial crop which is well known for its
antibacterial, anti-inflammatory, and antioxidant properties. It is widely documented that
the biosynthesis of bioactive compounds in this plant is strongly influenced by
endogenous and exogenous factors. To enhance yield production and reduce the
effects of these factors on open field crops, certain agronomic practices can be
optimized through the use of innovative products. The foliar application of protein
hydrolysates is recognized as a good practice to achieve this. A two-year study was
carried out to investigate the impacts of two different protein hydrolysates (animal-
based and plant based) on the yield traits and chemical parameters of rosemary. A
randomized complete block design was used with three replicates. The results
highlighted that both biostimulants produced a substantial increase in fresh biomass
between 1.4 and 3.9 t ha-1, and in dry biomass between 0.5 and 1.3 t ha-1, in
comparison with the control plants. It was found that the lowest dose of plant-based
protein hydrolysates significantly increased essential oil yields, producing yields of over
twenty kilograms per hectare. It is worth noting that the application of both protein
hydrolysates did not modify the aromatic profile of the essential oil. In addition to this,
contrasting responses were observed when considering the effect of these
biostimulants on the antioxidant activity, phenolic content, and rosmarinic acid. The
results of this study demonstrate that protein hydrolysates improve the yield of
rosemary plants cultivated under organic agriculture conditions.
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increase in fresh biomass between 1.4 and 3.9 t ha*, and in dry biomass between 0.5 and 1.3 t ha,
in comparison with the control plants. It was found that the lowest dose of plant-based protein
hydrolysates significantly increased essential oil yields, producing yields of over twenty kilograms
per hectare. It is worth noting that the application of both protein hydrolysates did not modify the
aromatic profile of the essential oil. In addition to this, contrasting responses were observed when
considering the effect of these biostimulants on the antioxidant activity, phenolic content, and
rosmarinic acid. The results of this study demonstrate that protein hydrolysates improve the yield of

rosemary plants cultivated under organic agriculture conditions.

Keywords: biostimulant, essential oil, crop yield, organic agriculture, S. rosmarinus.

1. Introduction

Rosemary (Salvia rosmarinus Spenn.) is an evergreen perennial shrub, native to the Mediterranean
region (Mwithiga et al., 2022). Similar to other medicinal and aromatic plants (MAPSs), this species
is used in various culinary traditions all over the world due to its many health benefits and intense
aroma (Aziz et al., 2022). Rosemary has numerous bioactive compounds that can enhance the
digestive process, reduce inflammation and provide antioxidant benefits (Veenstra and Johnson,
2021). Furthermore, it is rich in carnosic and rosmarinic acid, both of which have strong antioxidant
properties. These chemicals strengthen the health-promoting properties of the species by helping to
scavenge free radicals and provide defense against oxidative stresses (Topal and Gulcin, 2022; Li
Pomi et al., 2023). The essential oils (EO) are used for their pleasant aroma and therapeutic benefits,
influencing mood, cognition, and overall well-being (Pirzad and Mohammadzadeh, 2018; Fierascu et
al., 2021; Tuttolomondo et al., 2021). The main compounds, such as cineole and camphor, contribute
to its preservative properties, making it valuable for food preservation and as a natural disinfectant
(Jafari-sales and Pashazadeh, 2020; Guinther et al., 2022). The biosynthesis of bioactive compounds
takes place through metabolic pathways by using intermediate products of primary metabolism. These
compounds accumulate in plant cells either due to biochemical inefficiencies or as part of a normal
physiological process, (Julsing et al., 2006). The products of secondary metabolism are
multifunctional and help restore cellular properties when specific events disrupt the balance of the
plant organism (Borges et al., 2017). These substances are commonly stored in various parts of the
plant, such as the flowers, leaves, roots, and seeds, and their concentration levels can vary depending
on environmental conditions, genetic factors, and phenological stages (Julsing et al., 2006; Virga et

al., 2020; Tuttolomondo et al., 2021; Huang et al., 2022). Moreover, yield and qualitative parameters
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of the crop are also influenced by agronomic factors, including fertilization and irrigation practices,
plant density, soil management, and harvest time (Sabatino et al., 2013; Chrysargyris et al., 2022;
Nurzynska-Wierdak et al., 2023; Farruggia et al., 2024a). Understanding the impact of these practices
on the plant could help optimize the yield traits of rosemary, promoting sustainability and maximizing
economic value.

The availability of micro- and macro elements in the soil is widely considered as fundamental in
medicinal and aromatic plants (MAPs), affecting plant growth and increasing the synthesis of
secondary metabolites (Farruggia et al., 2023; Nurzynska-Wierdak et al., 2023). The application of
biostimulants can influence both primary and secondary metabolism in plants and improve tolerance
to adverse climate and soil conditions, as confirmed by previous studies (Ertani et al., 2013; Lucini
et al., 2015; Amato et al., 2024; Farruggia et al., 2024a). Protein hydrolysates (PH) are a type of
biostimulant obtained from the chemical or enzymatic hydrolysis of animal or plant-based proteins
(Colla et al., 2015). Collagen derived from tanning-industry waste is the most frequently used source
of animal protein hydrolysates and legumes are currently used to generate plant protein hydrolysates,
as reported by various authors (Colla and Rouphael, 2015; Du Jardin, 2015). PH are a mixture of
polyprotein hydrolysates, oligo-protein hydrolysates and amino acids (Rouphael et al., 2017) and can
be applied to leaves or roots to promote plant physiological response, increase crop yields, and
improve plant tolerance to stress conditions (Rouphael et al., 2022; Di Miceli et al., 2023). Di Miceli
et al. (2023) observed increases in growth, yield and quality parameters in eggplant (Solanum
melongena L.) treated with plant-derived PH under open field conditions. Similar results were
obtained by Sabatino et al. (2021) treating lettuce (Lactuca sativa L.) with plant PH. These authors
observed significant improvements in yield and yield-related features, nutritional and functional
traits, as well as nitrogen indices. there seem to be controversial findings in literature regarding the
use of animal/plant PH, and, in some cases, negative effects have been observed (Ertani et al., 2009;
De Lucia and Vecchietti, 2012; Moe, 2013; Corte et al., 2014; Colla et al., 2015; Visconti et al., 2015;
Wilson et al., 2015; Colla et al., 2017; Pérez-Aguilar et al., 2024).

There are currently very few studies on the effects of foliar application of PH on rosemary yields and
its chemical composition and studies which compare the effects of different types of PH on rosemary
are notably lacking. With this in mind, the aims of this study were: (i) to evaluate the effect of two
different PHs (animal-derived and plant-derived) on morphological, and yield parameters of rosemary
plants grown under organic farming conditions; (ii) to investigate the impact of PH application on
EO characteristics; (iii) to determine how antioxidant activity, rosmarinic acid (RA), and total

phenolic (TP) varied depending on the PH dose.
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The following experimental hypothesis was taken into consideration: the foliar application of two
different protein hydrolysates leads to increases in biomass and EO yields, enhances the aromatic
profile of the EO, and produces positive effects on other chemicals in rosemary plants grown under

rainfed conditions.

2. Materials and methods

2.1. Test site, experimental field and cultivation practices

The trials were carried out at an organic farm (37°22'32.71"N, 13°38'33.59"E), situated in the
countryside of Aragona, South-Western Sicily (Italy) during the growing seasons 2021-2022 and
2022-2023.

The soil has a sandy clay loam texture (48% sand, 26% silt, and 26% clay) and shows 1.1% organic
matter, 1.3% total nitrogen, 22.4 ppm assimilable phosphate, 330.0 ppm assimilable potassium, with
a pH of 7.2. It is classified as Regosols (typic xerorthents), in accordance with the United States
Department of Agriculture (USDA). The climate of the site is warm temperate with dry and hot
summers and mild winters, following the classification provided by Képpen—Geiger (Kottek et al.,
2006).

The experimental field of rosemary was established in February 2019 by transplanting herbaceous
cuttings obtained from mother plants. The distance between rows and between plants on the same
row was 2.5 and 1.0 m, respectively, ensuring a density of 4000 plants ha™. Fertilization was carried
out by applying 2.0 t ha? of cattle manure (0.5% of N, 0.2% of P.Os, 0.7% K;O) prior to
transplantation. Rosemary plants were grown under rainfed conditions and weed control was
mechanical. In both years, harvesting occurred once per year by cutting the plant to 0.30 m above

ground level. Plants were manually harvested during the third 10-day period of June.

2.2. Weather data

During the two-year study, average maximum and minimum air temperatures and total rainfall were
monitored from a weather station, owned by the Sicilian Agro-Meteorological Information Service
(SIAS, 2024), and situated close to the farm. Figure 1 (A and B) shows the temperature and rainfall
trends (10-day periods).

Figure 1. Temperature and rainfall trends during the first (A) and the second (B) year of study.
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A total rainfall of 611 mm (2021-2022) and 538 mm (2022—-2023) was recorded during the growth
period; however, the distribution of the rainfall differed considerably over the two years. During the
1%t growing season, 80% of rainfall (480 mm) was mainly concentrated in October to January, whilst
only 15% (92 mm) was recorded at the onset of vegetative growth through to the harvest date. During
the 2" growing season, rainfall was spread over a greater period from September to March. In spring,
May was the wettest month with well-distributed rainy days. Temperature trends influenced the
phenological stages of rosemary and were largely consistent with the average temperature of the study
area. In both growing seasons, an increase in minimum and maximum temperatures was detected
from pre-flowering stage to harvest. When comparing the two growing seasons, the highest maximum

temperatures were recorded in the 2" growing season.

2.3. Treatments

Two protein hydrolysates were used for foliar applications:
- Animal protein hydrolysate (APH), derived from hydrolyzed animal epithelium, with
organic nitrogen 8.0%, organic carbon 27.0%, amino acids 50.0% and free amino acids 15%.
- Plant protein hydrolysate (PPH), obtained from Fabaceae with amino acids and plant
peptides (31%), organic nitrogen (5%) and organic carbon (25%).

For each biostimulant, two doses were applied. Taking into consideration the nitrogen (N) content of

each protein hydrolysate, each biostimulant dose was formulated to ensure all treatments provided

the same total quantity of N (Table 1).

Table 1. The protein hydrolysates doses.

Doses for each application

Biostimulant Abbreviation

[L hL]
Animal protein hydrolysates 0.100 APH-100
0.200 APH-200
Plant protein hydrolysates 0.150 PPH-150
0.300 PPH-300

A total of 4 foliar applications were performed during the vegetative growth stage. Control (C)
treatment plants were sprayed with only water. 400.0 L of water ha™* were used for each application
and the first event was carried out in the first 10-day period of April. Foliar treatments were made
using a portable hand-sprayer equipped with a flat fan nozzle and with an operating pressure of 250.0

kPa. To avoid drift and contamination of nearby plots, plastic panels were used to delineate each plot
5
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during application. A single operator managed foliar sprays to ensure uniform application and
consistent dosage, and treatments were applied early in the morning to guarantee optimal foliar
absorption (Ruiz-Navarro et al., 2019). The plot size was 50 m? (2.5 m x 20.0 m) with 20 plants per
plot. These 20 plants were taken into consideration for the subsequent measurements. A randomized

complete block design with three replications was adopted as experimental design.

2.4. Morphological traits and biomass yield

When the plants were harvested, plant height, relative water content (RWC), chlorophyll content
(CC), and total fresh yield (FY) were recorded. Harvested plants were dried in a shaded and ventilated
environment for approximately 10 days at a temperature of 25-30 °C and total dry yield (DY) was
determined.

Chlorophyll content was measured using a Dualex Scientific (Force A, Orsay, France) portable
chlorophyll meter, and the device was used on 40 leaves per plot.

Relative waste content was evaluated by applying the method described by Farruggia et al. (2024b)

and the following equation by Alyemeni et al. (2018):

rwe = W =PW 00
= ———— X
TW — DW

where FW is the fresh weight, DW is the dry weight, and TW is the turgid weight.

2.5. Essential oil content, composition and yield

For each plot, 500.0 g of air-dried plant material were hydro-distilled for 3 h to obtain essential oils,
in accordance with the Ph. Eur. 7.0, 20812 (European Pharmacopoeia, 2008). For each treatment, 3
EO extractions were performed. EO concentration was calculated by dividing EO volume for each
sample by biomass weight. EO yield was calculated by multiplying EO content by the total dry yield.
EO samples were stored at -18°C. Methods for determination of the EO components were described

in detail by Farruggia et al. (2024c).

2.6. Determination of chemical parameters

Using 25.0 mL of 70.0 % aqueous methanol, 0.15 g of finely ground dry biomass were extracted in
an ultrasonic bath DU-32 (Argo Lab, Carpi, Italy, operating at 40 kHz at 120 W) for 30 minutes at
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room temperature. After being filtered, the extracts were stored at - 20 °C for further examination.
The extracts were used to determine:
- antioxidant activity (AA), expressed as milligram trolox equivalents per gram of dry weight
(mg t.e. g dw), using the method described by Chizzola et al. (2008);
- rosmarinic acid (RA) content, as described Farruggia et al. (2024c);
- total phenolic (TP) content, expressed as milligram caffeic acid equivalents per gram of dry
weight (mg c.a.e. g dw), adopting the method provided by Lamien-Meda et al. (2010).

2.7. Statistical analyses

Data for each year were subjected to one-way analysis of variance (ANOVA). Differences between
means were compared using Tukey’s test (p < 0.05). In the linear model/ANOVA, foliar treatments
were used as fixed effects. Before ANOVA, the RWC data were subjected to arcsine transformation.
Homogeneity of variance and normality of all data were checked using Levene's test and the Shapiro-
Wilk test. Statistical analyses were performed using software MINITAB 19 (State College, PA, USA)

for Windows.

3. Results

3.1. Morphological traits and biomass yield

Data on morphological traits of rosemary plants subjected to foliar applications with animal and plant-
based protein hydrolysates are shown in Table 2.

ANOVA revealed that, in both years, all morphological parameters were significantly affected (p <
0.01) by foliar treatments with both biostimulants, with the exception of RWC (Table 2).

During the 1% year, no significant differences in plant height were found between APH- and PPH-
treated plants at any dose of application. However, substantial variations were observed when APH-
and PPH-treated plants were compared to control plants, highlighting the effect of biostimulants on
plant growth. In general, plant height ranged from 46.5 cm to 71.8 cm, depending on the use or not
of biostimulant. The highest average value (71.8 cm) was recorded in the 2" year for plants treated
with PPH-150 every two weeks. In the 2" year, it is worth noting that, for each protein hydrolysate,
the best performance was achieved by applying of the lowest dose of biostimulant.

Concerning chlorophyll content, significant differences were found in both years between control
plants and treated-plants, and between APH- and PPH-treated plants. In the 2" year, regardless of the
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dose, foliar application of APH and PPH produced higher chlorophyll content in rosemary plants
compared to the 1% year. The highest chlorophyll content (34.6 pg cm) was obtained with the
application of PPH-300 during the 2" year, confirming the effectiveness of the biostimulants. The
lowest content (28.4 pg cm™?) was detected on average in control plants. When comparing the two
years, no significant differences were found between control plants and APH-100-treated plants,
whilst differences were observed with the slightly higher application of APH-200, highlighting the
importance of the dose in this type of biostimulant.

In the case of RWC, ANOVA showed a significant effect (p < 0.01) for the foliar application of APH
and PPH on rosemary plants in the 1% year alone. The highest RWC values were determined in APH-
200- (79.8%) and PPH-150-treated plants (79.6%). It should be noted that control plants showed
higher RWC than APH-100-treated plants, highlighting the limited effect of this dose regarding APH.
In the 2" year, no increases in RWC values were observed in treated plants compared to control

plants.

Table 2. Influence of foliar treatment on rosemary plant height, chlorophyll content and relative water
content (RWC) during the two-years research.

Foliar Plant height Chlorophyll content RwWC
[cm] [hg cm™?] [%6]
treatment
| year Il year | year Il year | year Il year
C 48.3 b 46.5d 29.6b 284c 79.3 ab 77.2a
APH-100 60.6 a 68.2 bc 29.8b 30.0c 76.9Db 82.6a
APH-200 60.2 a 66.0 c 319a 334 ab 79.8a 80.8 a
PPH-150 60.4 a 71.8a 31.2ab 32.7b 79.6 a 79.4 a
PPH-300 60.3 a 67.0b 30.8 ab 346a 79.2 ab 74.0 a
p-value 0.000 0.000 0.007 0.000 0.022 0.149

Means are shown. The values followed by different letter are significantly different for p <0.05 according to Tukey's test.
C = control (only water); APH-100 = 100 mL hL™* of animal protein hydrolysate; APH-200 = 200 mL hL of animal
protein hydrolysate; PPH-150 = 150 mL hL™ of plant protein hydrolysate; PPH-300 = 300 mL hL! of plant protein
hydrolysate.

ANOVA results indicated that foliar treatment with APH and PPH had significant effects (p <0.01)
on FY and DY in both years (Figure 2). FY results differed based on the year, type of biostimulant
and application dose. In the 1% year, APH-100- (6.0 t ha'), PPH-150- (6.5 t ha'*) and PPH-300-treated
plants (6.0 t ha*) obtained the highest biomass yields on average. This trend changed for the 2" year
and the best biomass yield performance was observed in the PPH-150-treated plants (6.8 t ha™™).

When comparing DY over the two years, applications of APH and PPH produced similar trends of
biomass yield both with the lowest and highest dose. This confirms that treatments with biostimulants

increased the crop yield compared to control plants. In particular, PPH-150-treated plants showed the



©CO~NOOOTA~AWNPE

highest crop yields both in the 1% (2.5 t ha') and 2" year (2.4 t haY). It is worth mentioning the fact

that the lowest dose of both biostimulants produced the highest biomass yields in rosemary plants.

Figure 2. Influence of foliar treatment on fresh and dry yield (DY) of rosemary.

Means and standard deviations are shown. The values with different letter are significantly different for p <0.05 according
to Tukey's test. C = control (only water); APH-100 = 100 mL hL* of animal protein hydrolysate; APH-200 = 200 mL hL-
1 of animal protein hydrolysate; PPH-150 = 150 mL hL* of plant protein hydrolysate; PPH-300 = 300 mL hL"* of plant
protein hydrolysate.

3.2. Essential oil content, composition and yield

Table 3 and figure 3 summarize the results of ANOVA for essential oil content and yield. The
statistical test revealed that foliar treatments with APH and PPH significantly affected (p <0.01) EO
content and yield in both years. The effects of biostimulant application on EO content differed over
the two years. During the 1% year, significant differences were found between control plants and
treated plants. However, when comparing the various treatments, no significant variations were
detected. It is worth noting that control plants produced the highest EO content (2.1%). By contrast
in the 2" year, the highest EO content (2.5%) was recorded in PPH-150-treated plants, whilst the
lowest (2.2%) in control plants. Moreover, greatest EO performance was obtained with the lowest
doses of APH and PPH (Table 3).

Table 3. Influence of foliar treatment on rosemary essential oil (EO) content during the two-years
research.

EO content
Foliar treatment [9%]
| year Il year
C 2.1a 2.2¢C
APH-100 16D 2.4 ab
APH-200 16Db 2.3b
PPH-150 15b 25a
PPH-300 15b 2.3bc
p-value 0.000 0.000

Means are shown. The values followed by different letter are significantly different for p < 0.05 according to Tukey's
test. C = control (only water); APH-100 = 100 mL hL* of animal protein hydrolysate; APH-200 = 200 mL hL* of animal

protein hydrolysate; PPH-150 = 150 mL hL of plant protein hydrolysate; PPH-300 = 300 mL hLof plant
protein hydrolysate.

In the case of EO vyield, similar trends were observed in both years (Figure 3). In general, control
plants had similar EO yield values in both years whilst the highest performance for treated-plants

were recorded on average in the 2" year. In particular, application of the lowest doses of APH
9
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generated the highest EO vyields both in the 1% year (37.4 kg ha) and 2" year (45.9 kg ha™). On the
contrary, when considering foliar treatment with PPH, similar values of EO yield were obtained
regardless of the dose during the 1% year only. In the study period, the highest EO yield performance
(59.7 kg ha) was detected in PPH-150-treated plants in the 2" year.

Figure 3. Influence of foliar treatment on rosemary essential oil (EO) yield during the two-years

research.

Means and standard deviations are shown. The values with different letter are significantly different for p <0.05 according
to Tukey's test. C = control (only water); APH-100 = 100 mL hL"* of animal protein hydrolysate; APH-200 = 200 mL hL-
1 of animal protein hydrolysate; PPH-150 = 150 mL hL™ of plant protein hydrolysate; PPH-300 = 300 mL hL"? of plant
protein hydrolysate.

Table 4 refers to the main EO compounds. Gas chromatography-mass spectrometry detected a total
of 29 compounds. ANOVA showed that foliar application with APH and PPH produced significant
effects (p <0.01) on few EO compounds, with variations depending on the year. For example, in the
1% year, borneol was the only compound whose percentage was significantly affected by protein
hydrolysates. The highest value (4.06%) was found in APH-200-treated plants. No significant
differences were found for other EO compounds when comparing control plants with treated plants.
During the 2" year, the treatment factor had significant effects on percentages of tricyclene,
terpinolene, bornyl acetate, and a-copaene. In the case of tricyclene, the highest percentage value
(0.22%) was obtained in control plants. The best performance for terpinolene was obtained in control
plants (1.31%), APH-100- (1.31%) and PPH-300-treated plants (1.31%). Applications of both doses
of APH and PPH determined similar percentages for bornyl acetate, ranging from 3.56% to 3.11%.
Finally, the application of the highest dose of APH resulted in the highest percentage (0.54%) for a-
copaene, whereas no differences were found with varying doses of PPH.
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Table 4. Components of rosemary EO and p-value in response to foliar treatment during the two-years research.

| year

11 year

Compounds Rlcarc Rljit Foliar treatment Foliar treatment
C APH-100 APH-200 PPH-150 PPH-300 Significance C APH-100 APH-200 PPH-150 PPH-300 Significance

tricyclene 919 921 0.11 0.11 0.22 0.26 0.16 ns. 0.22a 0.18 ab 0.15b 0.18 ab 0.19 ab *

a-thujene 923 924 0.18 0.20 0.18 0.20 0.22 n.s. 0.24 0.22 0.18 0.22 0.21 n.s.
a-pinene 931 932 35.52 36.75 35.44 38.59 42.93 n.s. 36.89 32.92 33.60 35.29 33.25 n.s.
camphene 943 946 3.93 4.36 3.96 4.36 459 ns. 418 3.66 351 3.85 3.79 n.s.
thuja-2,4(10)-diene 949 953 1.02 1.01 0.86 1.04 1.03 n.s. 0.90 0.93 0.89 0.89 0.88 n.s.
sabinene 972 969 1.08 1.20 1.16 121 1.27 n.s. 2.50 2.18 2.16 2.34 2.19 n.s.
b-myrcene 990 988 1.33 1.32 1.26 1.17 1.35 ns. 1.19 1.08 1.08 1.10 1.09 n.s.
a-phellandrene 1002 1002 0.32 0.33 0.29 0.31 0.34 n.s. 0.39 0.38 0.34 0.37 0.38 n.s.
a-terpinene 1014 1014 0.79 0.83 0.77 0.81 0.88 n.s. 1.02 1.00 0.93 1.00 1.01 n.s.
p-cymene 1022 1024 1.55 1.55 1.43 141 1.52 ns. 0.59 0.53 0.51 0.49 0.56 n.s.
1.8 cineol 1029 1026 27.00 26.83 27.01 27.79 25.45 n.s. 24.43 24.20 24.92 25.08 24.44 n.s.
y-terpinene 1055 1054 0.96 1.01 1.01 1.20 1.29 n.s. 1.73 1.75 1.68 1.72 1.80 n.s.
terpinolene 1085 1088 0.75 0.81 0.73 0.63 0.73 ns. 13la 13la 1.22b 1.27 ab 13la *

linalool 1099 1098 1.93 1.65 1.90 1.39 121 n.s. 1.61 1.86 1.92 1.72 1.83 n.s.
chrysanthenone 1121 1124 0.47 0.46 0.52 0.39 0.37 n.s. 0.79 0.83 0.71 0.71 0.77 n.s.
camphor 1138 1141 2.36 2.26 2.34 211 1.85 n.s. 1.96 2.07 212 1.96 2.08 n.s.
pinocarvone 1155 1160 0.48 0.39 0.48 0.36 0.27 n.s. 0.33 0.36 0.36 0.34 0.36 n.s.
borneol 1160 1165 3.83ab 3.29 ab 4.06a 3.05ab 241b * 3.40 4.03 4.04 3.60 3.97 n.s.
terpinen-4-ol 1172 1174 0.63 0.50 0.65 0.39 0.28 ns. 0.44 0.52 0.50 0.46 0.49 n.s.
a-terpineol 1186 1186 2.03 1.64 2.03 1.30 111 n.s. 1.21 1.49 1.50 131 1.45 n.s.
myrtenol 1192 1194 0.22 0.28 0.31 0.17 0.10 n.s. 0.23 0.28 0.27 0.24 0.27 n.s.
verbenone 1205 1204 6.10 5.12 5.64 4.75 3.75 ns. 5.52 6.22 6.28 5.62 6.44 n.s.
carvacrol methylether 1243 1241 0.08 0.14 0.13 0.06 0.05 n.s. 0.29 0.37 0.27 0.29 0.34 n.s.
geranial 1262 1264 0.61 0.21 0.68 0.14 0.14 n.s. 1.38 1.91 1.92 157 1.75 n.s.
bornyl acetate 1287 1285 1.96 2.06 2.00 1.83 151 n.s. 2.54b 3.56a 348a 31la 340a *

a-copaene 1371 1374 0.19 0.11 0.35 0.19 0.37 n.s. 0.35b 0.50 ab 054a 0.39ab 0.44 ab *

B-caryophyllene 1419 1417 4.07 4.70 3.93 4.16 4.50 n.s. 3.65 4.48 4.29 4.08 4.36 n.s.
a-humulene 1455 1452 0.28 0.23 0.29 0.19 0.17 ns. 0.45 0.58 0.52 0.50 0.54 n.s.
caryophyllene oxide 1589 1582 0.08 0.05 0.08 0.04 0.04 n.s. 0.08 0.13 0.09 0.08 0.09 n.s.

Rlcac: Retention indices relative to C9-C27 n-alkenes from a HP-5MS-column; Rlji: = Retention Indices based on Adams (2007). ** = significant at 0.01 probability level; * =
significant at 0.05 probability level; n.s. = not significant. Means are shown. The values followed by different letter are significantly different for p < 0.05 according to Tukey's test.
C = control (only water); APH-100 = 100 mL hL* of animal protein hydrolysate; APH-200 = 200 mL hL* of animal protein hydrolysate; PPH-150 = 150 mL hL of plant protein
hydrolysate; PPH-300 = 300 mL hL"*of plant protein hydrolysate.
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3.3. Antioxidant activity, rosmarinic acid and total phenolic contents

Results of ANOVA revealed that foliar treatment significantly affected (p < 0.05) antioxidant activity
(AA) and phenolic content (PC) of rosemary extracts in both years, as shown in Table 5. During the
1% year, the highest AA values were recorded in control plants and PPH-300-treated plants, 140.8 and
138.8 mg t.e. g%, respectively. Conversely, in the 2" year, the application of APH-200 generated the
highest AA value (144.1 mg t.e. gb). In both years, the best performances were obtained by applying
the highest doses of both biostimulants. Regarding PC, in the 1% year, the highest PC (109.2 mg c.a.e.
gl), on average, was recorded in control plants. It is interesting to observe that no significant
differences were found between the various treatments regarding either biostimulant. On the contrary,
during the 2" year, APH-100- and PPH-150-treated plants produced the highest PC values, with 81.2
and 82.1 mg c.a.e. g%, respectively. It is also worth noting that the best performances were obtained
when using both biostimulants at their lowest dose. As regards the rosmarinic acid content, ANOVA
showed that the foliar treatment factor had a significant effect during the 2" year only. The highest
percentage (1.6%) was recorded in control plants and APH-200- and PPH-300-treated plants. By
contrast, the highest doses of APH and PPH produced the best results for this parameter.

Table 5. Influence of foliar treatment on rosemary phenolic content (PC), antioxidant activity (AA)
and rosmarinic acid (RA).

Foliar PC 1 AA gt FS)A

treatment [mgc.a.e. g”] [mgte.g”] [90]
| year Il year | year Il year | year Il year
C 109.2 a 78.5 ab 140.8 a 136.7 ab 16a 16a
APH-100 97.3b 8l.2a 111.1b 124.4b l4a 1.2b
APH-200 97.6b 69.8 C 121.2b 1l44.1a 15a 16a
PPH-150 97.3b 82.1a 111.1b 1249 b 15a 1.2b
PPH-300 95.3b 75.3Db 138.8a 135.6 ab 16a 16a
p-value 0.000 0.000 0.000 0.013 0.300 0.000

Means are shown. The values followed by different letter are significantly different for p <0.05 according to Tukey's test.
C = control (only water); APH-100 = 100 mL hL™* of animal protein hydrolysate; APH-200 = 200 mL hL of animal
protein hydrolysate; PPH-150 = 150 mL hL™ of plant protein hydrolysate; PPH-300 = 300 mL hL! of plant protein
hydrolysate.

4. Discussion

4.1. Morphological and yield traits

The management of available resources and the correct choice of agronomic practices are of

fundamental importance for the agricultural sector to endure high quality standards for products.
12
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Nutrition thus plays a key role in the growth and development of crops, and the application of low
doses of PHs can increase the nutritional availability of substrates, nutrient absorption and improve
nutrient usage efficiency also in MAPs (Nardi et al., 2016; Paul et al., 2019).

During both years, the application of the two PHs led to increases in plant height of between 12 and
25 cm compared to untreated plants. These values were consistent with those reported by Singh and
Wasnik (2013) and Mostafa (2019) who assessed the effect of organic and inorganic fertilizers on
growth, and chemical composition of rosemary plants. Some authors observed similar plant heights
and chlorophyll content in rosemary plants when using different biostimulants (Waly et al., 2019; Al-
Fraihat et al., 2023; Farruggia et al., 2024b). Carillo et al. (2022) report that root devolvement can be
improved by the application of bioactive peptides contained in plant-derived protein hydrolysates,
which can elicit auxin and/or gibberellin-like activities. This, in turn, indirectly enhances the
efficiency of nutrient uptake and exploitation, plant growth, and yield, as sustained by Colla et al.
(2017). In additional, PHs have been demonstrated to positively affect chloroplast size and
abundance within cells, which in turn encourages chlorophyll production, as well documented by
Abdali et al. (2023). Several studies have reported that chlorophyll levels increased following the
application of foliar PHs (Omer et al., 2013; Sabatino et al., 2021; Fraihat et al., 2023). Bandurska
(2022) reports that photosynthetic activity and stomatal conductance in plant tissues are strongly
correlated to leaf relative water content (RWC). RWC values found in this study were consistent with
those provided by other studies carried out on rosemary plants when grown under different agronomic
conditions (Munné-Bosch et al., 1999; Farruggia et al., 2024b). However, contrary to the findings of
Elansary et al. (2019) and Rahimi et al. (2022), the present study did not observe any increase in
RWC in biostimulated plants compared to control plants.

Paul et al. (2019) highlight that low doses of protein hydrosylates can be considered as a sustainable
practice to increase agricultural production under water stress conditions. In our study, foliar
application of both protein hydrolysates obtained significant increases in biomass per unit area. A
number of direct and indirect physiological processes, such as promoting enzymatic action,
prompting hormone-like activity, and modulating the plant root system, improve a plant’s uptake
capacity of water and nutrients. These processes may be linked to increases in crop yields promoted
by protein hydrolysates under favorable or unfavorable growth conditions (Vultaggio et al., 2024).
Some authors (Colla et al., 2017; Jiménez-Arias et al. 2022; lacuzzi et al., 2024) sustain that, even
under conditions of limited water availability, peptide and amino acid content is essential for protein
biosynthesis, energy production, and the generation of molecules with high biological activity.

However, in this study, crop yields were lower than those reported by other authors who investigated
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the effects of different types of fertilizers (Singh and Wasnik, 2013) and foliar biostimulants
(Farruggia et al. 2024b) on rosemary.

It is reasonable to suggest that the significant increase in biomass yields, mainly observed in plants
treated with the lowest dose of PPH, are related to the tryptophan content. Tryptophan serves as a
precursor of indole—3-acetic acid, a regulator of shoot and root expansion in plants, as documented
by Sabatino et al. (2021) in a study carried out on lettuce. In additional, plant-based PHs contain
peptides and amino acids, such as glutamate and aspartate, which can act as signaling molecules for
rhizosphere microbiota or function as iron chelators, facilitating iron uptake in plants and enhancing

their Fe-nutritional status, as reported by Carillo et al. (2022).

4.2. Essential oil characteristics

The differing trend in EO yield over the two years could be related to factors influencing the synthesis
of secondary metabolites (Tawfeeq et al., 2016; Taraseviciené et al., 2021; Chrysargyris et al., 2022;
Medeiros et al., 2024) and to biostimulants (Nardi et al., 2016; Colla et al., 2017; Paul et al., 2019).
Significant increases in biomass production observed in PPH-treated plants resulted in the best EO
yield in both years. This result is particularly attractive for achieving greater yields of bioactive
compounds (Napoli et al., 2020; Taraseviciené et al., 2021; Angane et al., 2022). As several studies
confirm (Nardi et al., 2016; Colla et al., 2017; Colla and Rouphael, 2019; Consentino et al., 2020; Di
Miceli et al., 2023), the high peptide or amino acid content of protein hydrolysates influences various
metabolic processes, including the synthesis of secondary metabolites and overall plant performance.
Considering EO composition and the number of EO compounds, several biotic and abiotic factors
should be taken into account as they significantly influence these characteristics, as previously
reported by many authors (Elansary et al., 2019; Jafari Khorsand et al., 2022; Formica et al., 2024).
In this study, consistent with previous studies (Jiang et al., 2011; Mici¢ et al., 2021; Formica et al.,
2024), the predominant compounds in rosemary EO were a-Pinene and 1,8-Cineole. However, their
percentage content was not influenced by APH and PPH treatments. VVosoughi et al. (2018) sustain
that foliar application of biostimulants can affect gene regulation and enzyme activity in the
secondary metabolic pathway. It is worth noting that, in this study, biostimulants only affected the
percentage content of some minor compounds (e.g. borneol, tricyclene, terpinolene, bornyl acetate,
and a-copaene). In contrast, the same authors observed a change in the EO profile of MAPs when
Sreated with foliar biostimulants (Truzzi et al., 2021; Amato et al., 2024; El-Hefny and Hussien,
2025).
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4.3. Chemical parameters

Literature reports that chemical parameters such as antioxidant activity, rosmarinic acid content, and
total phenolic content are affected by a number of different variables (Tawfeeq et al., 2016; Rahmani
etal., 2019). It has been demonstrated that protein hydrolysates contain a combination of amino acids
useful for plant growth and to enhance qualitative characteristics, especially under unfavourable
environmental conditions (Al-Fraihat et al., 2023). Wang et al. (2022) stated that amino acids are
recognized as biostimulant molecules that significantly reduce damage caused by abiotic stress and
support plant growth. The ability of MAPs to produce secondary metabolites is well known to be
influenced by stressful conditions (Kulak et al., 2020; Farruggia et al., 2023). In this study, contrasting
responses for chemical parameters were detected, dependent on the type of biostimulant and
application dose. It is not easy to explain these phenomena in relation to each chemical parameter
analyzed in the study. Consequently, our findings suggest that the impact of biostimulants on
secondary metabolites should not be generalized. It is also important to emphasize that stress and/or
stress-relief conditions should be thoroughly considered. These statements are further supported by
the results of previous studies carried out on various MAPs. Rahimi et al. (2022) and Saia et al. (2021)
reported that the application of biostimulants could improve the quantity of secondary metabolites in
thyme (Thymus vulgaris L.) and basil (Ocimum basilicum L.). On the contrary, Cardone et al. (2025)
found contrasting responses in thyme plants treated with various foliar biostimulants. The authors
attributed these results to the possibility that, in the case of thyme, the tested products may not have

the same ability to affect antioxidant capacity and total phenolic content.

5. Conclusions

For medicinal and aromatic plants, exploring innovative cultivation practices is crucial when
attempting to optimise crop yields and quality standards whilst still adhering to sustainability criteria.
This study assessed the impact of two different protein hydrolysates (one animal-based and one plant-
based) on yield traits and chemical parameters in rosemary. The main findings highlight that foliar
applications using the lowest dose of plant protein hydrolysate produce the highest productivity, both
in terms of biomass and essential oil yields. Furthermore, the use of animal or plant protein
hydrolysates does not determine any significant changes in the aromatic profile of the essential oil.
This means that both can be used whilst maintaining the chemical profile of rosemary stable over
time. By exploiting the benefits of biostimulants, essential oil production can meet both consumer

needs and those of producers. However, the application of animal and plant protein hydrolysates at
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different doses differentially affects antioxidant capacity, rosmarinic acid content, and total phenolic
content in rosemary. It is worth noting, therefore, that stress events should be evaluated carefully,
avoiding any generalization regarding their effects on secondary metabolites. Although further
studies are needed to better investigate the effects of variations in dose of each protein hydrolysate
on physiological processes, it can be concluded that they contribute to making rosemary cultivation
less conventional, thus reducing chemical fertilizer needs and producing significant environmental
benefits.

Acknowledgements

The authors would like to express gratitude to the farm “Aromi di Sicilia di Caramazza Salvatore”.
The authors are grateful to Martin Finsterbdck and Dijana Jovanovic for their technical support, and
to Lucie Branwen Hornsby for her language assistance.

Funding statement

This research did not receive any specific grant from funding agencies in the public, commercial, or

not-for-profit sectors.

Author contributions statement

All authors listed have significantly contributed to the development and the writing of this paper.

Data availability statement

Data will be made available on request.

Additional information

No additional information is available for this paper.

Competing interest statement

16



©CO~NOOOTA~AWNPE

The authors declare that they have no known competing financial interests or personal relationships

that could have appeared to influence the work reported in this paper.

References

Abdali, R., Rahimi, A., Siavash Moghaddam, S., Heydarzadeh, S., Arena, C., Vitale, E., & Zamanian,
M. (2023). The Role of Stress Modifier Biostimulants on Adaptive Strategy of Oregano Plant for
Increasing Productivity under Water Shortage. Plants, 12(24), 4117.
https://doi.org/10.3390/plants12244117

Al-Fraihat, A. H., Al-Dalain, S. Y., Zatimeh, A. A., & Haddad, M. A. (2023). Enhancing rosemary
(Rosmarinus officinalis L.) growth and volatile oil constituents grown under soil salinity stress by
some amino acids. Horticulturae, 9(2), 252. https://doi.org/10.3390/horticulturae9020252.

Alyemeni, M. N., Ahanger, M. A., Wijaya, L., Alam, P., Bhardwaj, R., Ahmad, P. (2018). Selenium
mitigates cadmium-induced oxidative stress in tomato (Solanum lycopersicum L.) plants by
modulating  chlorophyll  fluorescence, osmolyte  accumulation, and antioxidant
system. Protoplasma, 255, 459-469. https://doi.org/10.1007/s00709-017-1162-4.

Amato, G., Cardone, L., Cicco, N., Denora, M., Perniola, M., Casiello, D., ... & Candido, V. (2024).
Morphological traits, yield, antioxidant activity and essential oil composition of oregano as
affected by biostimulant foliar applications. Industrial Crops and Products, 222, 119702.
https://doi.org/10.1016/j.indcrop.2024.119702.

Angane, M., Swift, S., Huang, K., Butts, C. A., & Quek, S. Y. (2022). Essential oils and their major
components: an updated review on antimicrobial activities, mechanism of action and their
potential application in the food industry. Foods, 11(3), 464.
https://doi.org/10.3390/fo0ds11030464.

Aziz, E., Batool, R., Akhtar, W., Shahzad, T., Malik, A., Shah, M. A., ... & Thiruvengadam, M.
(2022). Rosemary species: a review of phytochemicals, bioactivities and industrial
applications. South African Journal of Botany, 151, 3-18.
https://doi.org/10.1016/j.sajb.2021.09.026.

Baltazar, M., Correia, S., Guinan, K. J., Sujeeth, N., Braganca, R., & Gongalves, B. (2021). Recent
advances in the molecular effects of biostimulants in plants: An overview. Biomolecules, 11(8),
1096. https://doi.org/10.3390/biom11081096.

Bandurska, H. (2022). Drought stress responses: coping strategy and resistance. Plants, 11(7), 922.
https://doi.org/10.3390/plants11070922.

17



©CO~NOOOTA~AWNPE

Borges, C. V., Minatel, I. O., Gomez-Gomez, H. A., & Lima, G. P. P. (2017). Medicinal plants:
Influence of environmental factors on the content of secondary metabolites. Medicinal plants and
environmental challenges, 259-277. https://doi.org/10.1007/978-3-319-68717-9_15.

Cardone, L., Polito, F., Denora, M., Casiello, D., Castronuovo, D., Cicco, N., ... & Candido, V.
(2025). Effects of Biostimulant Foliar Applications on Morphological Traits, Yield, Antioxidant
Capacity, and Essential Oil Composition of Thymus wvulgaris L. Under Field
Conditions. Agronomy, 15(2), 442.

Chizzola, R., Michitsch, H., Franz, C., 2008. Antioxidative properties of Thymus vulgaris leaves:
comparison of different extracts and essential oil chemotypes. J. Agric. Food Chem. 56 (16), 6897
6904. https://doi.org/10.1021/jf8006179.

Christopoulou, S. D., Androutsopoulou, C., Hahalis, P., Kotsalou, C., Vantarakis, A., & Lamari, F.
N. (2021). Rosemary extract and essential oil as drink ingredients: An evaluation of their chemical
composition, genotoxicity, antimicrobial, antiviral, and antioxidant properties. Foods, 10(12),
3143. https://doi.org/10.3390/fo0ds10123143.

Chrysargyris, A., Petropoulos, S. A., & Tzortzakis, N. (2022). Essential oil composition and bioactive
properties of lemon balm aerial parts as affected by cropping system and irrigation
regime. Agronomy, 12(3), 649. https://doi.org/10.3390/agronomy12030649.

Colla, G., & Rouphael, Y. (2015). Biostimulants in horticulture. Scientia Horticulturae, 196, 1-134.
https://doi.org/10.1016/j.scienta.2015.10.044.

Colla, G., Hoagland, L., Ruzzi, M., Cardarelli, M., Bonini, P., Canaguier, R., & Rouphael, Y. (2017).
Biostimulant action of protein hydrolysates: Unraveling their effects on plant physiology and
microbiome. Frontiers in plant science, 8, 2202. https://doi.org/10.3389/fpls.2017.02202.

Colla, G., Nardi, S., Cardarelli, M., Ertani, A., Lucini, L., Canaguier, R., & Rouphael, Y. (2015).
Protein hydrolysates as biostimulants in horticulture. Scientia Horticulturae, 196, 28-38.
https://doi.org/10.1016/j.scienta.2015.08.037.

Consentino, B. B., Virga, G., La Placa, G. G., Sabatino, L., Rouphael, Y., Ntatsi, G., ... & De
Pasquale, C. (2020). Celery (Apium graveolens L.) performances as subjected to different sources
of protein hydrolysates. Plants, 9(12), 1633. https://doi.org/10.3390/plants9121633.

Corte, L., Dell'Abate, M. T., Magini, A., Migliore, M., Felici, B., Roscini, L., ... & Benedetti, A.
(2014). Assessment of safety and efficiency of nitrogen organic fertilizers from animal-based
protein hydrolysates—a laboratory multidisciplinary approach. Journal of the Science of Food and
Agriculture, 94(2), 235-245. https://doi.org/10.1002/jsfa.6239.

De Lucia, B., & Vecchietti, L. (2012). Type of bio-stimulant and application method effects on stem

quality and root system growth in LA Lily. European Journal of Horticultural Science, 77(1), 10.

18


https://doi.org/10.1007/978-3-319-68717-9_15

©CO~NOOOTA~AWNPE

Di Miceli, G., Farruggia, D., lacuzzi, N., Bacarella, S., La Bella, S., & Consentino, B. B. (2022).
Planting date and different n-fertilization rates differently modulate agronomic and economic traits
of a sicilian onion landrace and of a commercial variety. Horticulturae, 8(5), 454.
https://doi.org/10.3390/horticulturae8050454.

Di Miceli, G., Vultaggio, L., Sabatino, L., De Pasquale, C., La Bella, S., & Consentino, B. B. (2023).
Synergistic effect of a plant-derived protein hydrolysate and arbuscular mycorrhizal fungi on
eggplant grown in  open fields: A two-year study. Horticulturae, 9(5), 592.
https://doi.org/10.3390/horticulturae9050592.

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

Elansary, H.O., Mahmoud, E. A, ElI-Ansary, D. O., & Mattar, M. A. (2019). Effects of water stress
and modern biostimulants on growth and quality characteristics of mint. Agronomy, 10(1), 6.
https://doi.org/10.3390/agronomy10010006.

El-Hefny, M., & Hussien, M. K. (2025). Enhancing the growth and essential oil components of
Lavandula latifolia using Malva parviflora extract and humic acid as biostimulants in a field
experiment. Scientific Reports, 15(1), 774. https://doi.org/10.1002/jpIn.200800174.

Ertani, A., Cavani, L., Pizzeghello, D., Brandellero, E., Altissimo, A., Ciavatta, C., & Nardi, S.
(2009). Biostimulant activity of two protein hydrolyzates in the growth and nitrogen metabolism
of maize seedlings. Journal of plant nutrition and soil science, 172(2), 237-244.
https://doi.org/10.1002/jpIn.200800174

Ertani, A., Schiavon, M., Muscolo, A., & Nardi, S. (2013). Alfalfa plant-derived biostimulant
stimulate short-term growth of salt stressed Zea mays L. plants. Plant and soil, 364, 145-158.
https://doi.org/10.1007/s11104-012-1335-z.

Farruggia, D., Di Miceli, G., Licata, M., Leto, C., Salamone, F., & Novak, J. (2024c). Foliar
application of various biostimulants produces contrasting response on yield, essential oil and
chemical properties of organically grown sage (Salvia officinalis L.). Frontiers in Plant
Science, 15, 1397489. https://doi.org/10.3389/fpls.2024.1397489.

Farruggia, D., Di Miceli, G., Licata, M., Urso, G., Leto, C., & Novak, J. (2024a). Seaweed extract
and fulvic acid application affect the biomass performance, the essential oil yield and composition
of Sicilian oregano grown in an organic agricultural system. Industrial Crops and Products, 222,
119790. https://doi.org/10.1016/j.indcrop.2024.119790.

Farruggia, D., lacuzzi, N., La Bella, S., Sabatino, L., Consentino, B. B., & Tuttolomondo, T. (2023).
Effect of foliar treatments with calcium and nitrogen on oregano yield. Agronomy, 13(3), 719.
https://doi.org/10.3390/agronomy13030719.

19



©CO~NOOOTA~AWNPE

Farruggia, D., Tortorici, N., lacuzzi, N., Alaimo, F., Leto, C., & Tuttolomondo, T. (2024b).
Biostimulants Improve Plant Performance of Rosemary Growth in Agricultural Organic
System. Agronomy, 14(1), 158. https://doi.org/10.3390/agronomy14010158.

Fierascu, R. C., Fierascu, I., Baroi, A. M., & Ortan, A. (2021). Selected aspects related to medicinal
and aromatic plants as alternative sources of bioactive compounds. International Journal of
Molecular Sciences, 22(4), 1521. https://doi.org/10.3390/ijms22041521.

Formica, V., Leoni, F., Duce, C., Gonzalez-Rivera, J., Onor, M., Guarnaccia, P., ... & Barberi, P.
(2024). Controlled drought stress affects rosemary essential oil composition with minimal impact
on biomass yield. Industrial Crops and Products, 221, 119315.
https://doi.org/10.1016/j.indcrop.2024.119315.

Franzoni, G., Cocetta, G., Prinsi, B., Ferrante, A., & Espen, L. (2022). Biostimulants on crops: Their
impact under abiotic stress conditions. Horticulturae, 8(3), 189.
https://doi.org/10.3390/horticulturae8030189.

Gunther, M., Karygianni, L., Argyropoulou, A., Anderson, A. C., Hellwig, E., Skaltsounis, A. L., ...
& Al-Ahmad, A. (2022). The antimicrobial effect of Rosmarinus officinalis extracts on oral initial
adhesion ex vivo. Clinical oral investigations, 26(6), 4369-4380. https://doi.org/10.1007/s00784-
022-04400-5.

Huang, W., Wang, Y., Tian, W., Cui, X., Tu, P., Li, J., ... & Liu, X. (2022). Biosynthesis
investigations of terpenoid, alkaloid, and flavonoid antimicrobial agents derived from medicinal
plants. Antibiotics, 11(10), 1380. https://doi.org/10.3390/antibiotics11101380.

lacuzzi, N., Tuttolomondo, T., Farruggia, D., Tortorici, N., Alaimo, F., De Santis, D., ... & Di Miceli,
G. (2024). A Two-Year Evaluation of Biostimulant Effects on Yield and Quality Parameters of
Tomato Landrace ‘Pizzutello Delle Valli Ericine’Cultivated Without Irrigation. Journal of
Sustainable Agriculture and Environment, 3(4). https://doi.org/10.1002/sae2.70028.

Jafari Khorsand, G., Morshedloo, M. R., Mumivand, H., Emami Bistgani, Z., Maggi, F., & Khademi,
A. (2022). Natural diversity in phenolic components and antioxidant properties of oregano
(Origanum vulgare L.) accessions, grown under the same conditions. Scientific Reports, 12(1),
5813. https://doi.org/10.1038/s41598-022-09742-4.

Jafari-sales, A., & Pashazadeh, M. (2020). Study of chemical composition and antimicrobial
properties of Rosemary (Rosmarinus officinalis) essential oil on Staphylococcus aureus and
Escherichia coli in vitro. International Journal of Life Sciences and Biotechnology, 3(1), 62-69.
https://doi.org/10.38001/ijlsh.693371.

20



©CO~NOOOTA~AWNPE

Jiang, Y., Wu, N., Fu, Y. J., Wang, W., Luo, M., Zhao, C. J., ... & Liu, X. L. (2011). Chemical
composition and antimicrobial activity of the essential oil of Rosemary. Environmental toxicology
and pharmacology, 32(1), 63-68. https://doi.org/10.1016/j.etap.2011.03.011.

Jiménez-Arias, D., Morales-Sierra, S., Borges, A. A., Herrera, A. J., & Luis, J. C. (2022). New
biostimulants screening method for crop seedlings under water deficit stress. Agronomy, 12(3),
728. https://doi.org/10.3390/agronomy12030728.

Julsing, M. K., Koulman, A., Woerdenbag, H. J., Quax, W. J., & Kayser, O. (2006). Combinatorial
biosynthesis of medicinal plant secondary metabolites. Biomolecular engineering, 23(6), 265-279.
https://doi.org/10.1016/j.bioeng.2006.08.001.

Lamien-Meda, A., Nell, M., Lohwasser, U., Bo rner, A., Franz, C., Novak, J., 2010. Investigation of
antioxidant and rosmarinic acid variation in the sage collection of the genebank in Gatersleben. J.
Agric. Food Chem. 58 (6), 3813-3819. https://doi. org/10.1021/jf903993f.

Li Pomi, F., Papa, V., Borgia, F., Vaccaro, M., Allegra, A., Cicero, N., & Gangemi, S. (2023).
Rosmarinus officinalis and skin: antioxidant activity and possible therapeutical role in cutaneous
diseases. Antioxidants, 12(3), 680. https://doi.org/10.3390/antiox12030680.

Lucini, L., Rouphael, Y., Cardarelli, M., Canaguier, R., Kumar, P., & Colla, G. (2015). The effect of
a plant-derived biostimulant on metabolic profiling and crop performance of lettuce grown under
saline conditions. Scientia Horticulturae, 182, 124-133.
https://doi.org/10.1016/j.scienta.2014.11.022.

Medeiros, A. P. R., Leite, J. J. F., de Assis, R. M. A., Rocha, J. P. M., Bertolucci, S. K. V., & Pinto,
J. E. B. P. (2024). Application of natural elicitors to promote growth, photosynthetic pigments,
and the content and composition of essential oil in Melissa officinalis L. Industrial Crops and
Products, 208, 117885. https://doi.org/10.1016/j.indcrop.2023.117885.

Mici¢, D., PBurovié, S., Riabov, P., Tomic, A., §ovljanski, 0., Filip, S., ... & Blagojevi¢, S. (2021).
Rosemary essential oils as a promising source of bioactive compounds: Chemical composition,
thermal properties, biological activity, and gastronomical perspectives. Foods, 10(11), 2734.
https://doi.org/10.3390/fo0ds10112734.

Moe, L. A. (2013). Amino acids in the rhizosphere: from plants to microbes. American journal of
botany, 100(9), 1692-1705. https://doi.org/10.3732/ajb.1300033.

Mostafa, H. S. (2019). Effect of organic and inorganic fertilizers on growth, herbs product and
chemical composition of rosemary plants (Rosmarinus offcinalis L.). Int. J. Farming Allied Sci, 5-
13.

21


https://doi.org/10.1016/j.bioeng.2006.08.001

©CO~NOOOTA~AWNPE

Munneé-Bosch, S., Schwarz, K., & Alegre, L. (1999). a-Tocopherol protection against drought-
induced damage in Rosmarinus officinalis L. and Melissa officinalis L. Zeitschrift fur
Naturforschung C, 54(9-10), 698-703. https://doi.org/10.1515/znc-1999-9-1013

Mwithiga, G., Maina, S., Gitari, J., & Muturi, P. (2022). Rosemary (Rosmarinus officinalis L.) growth
rate, oil vyield and oil quality under differing soil amendments. Heliyon, 8(4).
https://doi.org/10.1016/j.heliyon.2022.e09277.

Napoli, E., Giovino, A., Carrubba, A., How Yuen Siong, V., Rinoldo, C., Nina, O., & Ruberto, G.
(2020). Variations of essential oil constituents in oregano (Origanum vulgare subsp. viridulum (=
0. heracleoticum) over cultivation cycles. Plants, 9(9), 1174,
https://doi.org/10.3390/plants9091174.

Nardi, S., Pizzeghello, D., Schiavon, M., & Ertani, A. (2016). Plant biostimulants: physiological
responses induced by protein hydrolyzed-based products and humic substances in plant
metabolism. Scientia Agricola, 73(1), 18-23. https://doi.org/10.1590/0103-9016-2015-0006.

Nurzynska-Wierdak, R., Zawislak, G., & Paplinski, R. (2023). Agronomic practices in lemon balm
production under temperate climate conditions: raw material yield and active substances
content. Agronomy, 13(5), 1433. https://doi.org/10.3390/agronomy13051433.

Omer, E. A, Said-Al-Ahl, H. A. H., EI-Gendy, A. G., Shaban, K. A., & Hussein, M. S. (2013). Effect
of amino acids application on production, volatile oil and chemical composition of chamomile
cultivated in saline soil at sinai.

Paul, K., Sorrentino, M., Lucini, L., Rouphael, Y., Cardarelli, M., Bonini, P., ... & Colla, G. (2019).
A combined phenotypic and metabolomic approach for elucidating the biostimulant action of a
plant-derived protein hydrolysate on tomato grown under limited water availability. Frontiers in
Plant Science, 10, 493. https://doi.org/10.3389/fpls.2019.00493.

Pérez-Aguilar, H., Hernandez-Fernandez, C., & Aran-Ais, F. (2024). Protein recovery from animal
by-product wastewater rich in protein for application as biostimulant in agriculture. Journal of
Water Process Engineering, 66, 106120. https://doi.org/10.1016/j.jwpe.2024.106120.

Pirzad, A., & Mohammadzadeh, S. (2018). Water use efficiency of three mycorrhizal Lamiaceae
species (Lavandula officinalis, Rosmarinus officinalis and Thymus vulgaris). Agricultural Water
Management, 204, 1-10. https://doi.org/10.1016/j.agwat.2018.03.020.

Rahimi, A., Mohammadi, M. M., Siavash Moghaddam, S., Heydarzadeh, S., & Gitari, H. (2022).
Effects of stress modifier biostimulants on vegetative growth, nutrients, and antioxidants contents
of garden thyme (Thymus vulgaris L.) under water deficit conditions. Journal of Plant Growth
Regulation, 41(5), 2059-2072.https://doi.org/10.1007/s00344-022-10604-6.

22



©CO~NOOOTA~AWNPE

Rouphael, Y., Carillo, P., Garcia-Perez, P., Cardarelli, M., Senizza, B., Miras-Moreno, B., ... &
Lucini, L. (2022). Plant biostimulants from seaweeds or vegetal proteins enhance the salinity
tolerance in greenhouse lettuce by modulating plant metabolism in a distinctive manner. Scientia
Horticulturae, 305, 111368. https://doi.org/10.1016/j.scienta.2022.111368.

Rouphael, Y., Colla, G., Giordano, M., El-Nakhel, C., Kyriacou, M. C., & De Pascale, S. (2017).
Foliar applications of a legume-derived protein hydrolysate elicit dose-dependent increases of
growth, leaf mineral composition, yield and fruit quality in two greenhouse tomato
cultivars. Scientia horticulturae, 226, 353-360. https://doi.org/10.1016/j.scienta.2017.09.007.

Ruiz-Navarro, A., Fernandez, V., Abadia, J., Abadia, A., Querejeta, J. I., Albaladejo, J., & Barbera,
G. G. (2019). Foliar fertilization of two dominant species in a semiarid ecosystem improves their
ecophysiological status and the use efficiency of a water pulse. Environmental and experimental
botany, 167, 103854. https://doi.org/10.1016/j.envexpbot.2019.103854.

Sabatino, L., Consentino, B. B., Rouphael, Y., De Pasquale, C., Iapichino, G., D’Anna, F., & La
Bella, S. (2021). Protein hydrolysates and mo-biofortification interactively modulate plant
performance and quality of ‘canasta’lettuce grown in a protected environment. Agronomy, 11(6),
1023. https://doi.org/10.3390/agronomy11061023.

Sabatino, L., Palazzolo, E., & D’Anna, F. (2013). Grafting suitability of Sicilian eggplant ecotypes
onto Solanum torvum: Fruit composition, production and phenology.J. Food Agric.
Environ, 11(3-4), 1195-1200.

Saia, S., Corrado, G., Vitaglione, P., Colla, G., Bonini, P., Giordano, M., ... & Rouphael, Y. (2021).
An endophytic fungi-based biostimulant modulates volatile and non-volatile secondary
metabolites and yield of greenhouse basil (Ocimum basilicum L.) through variable mechanisms
dependent on salinity stress level. Pathogens, 10(7), 797.
https://doi.org/10.3390/pathogens10070797.

SIAS (2024). Servizio Informativo Agrometeorologico Siciliano. http://www.sias.regione.sicilia.it

Singh, M.; Wasnik, K. (2013). Effect of vermicompost and chemical fertilizer on growth, herb, oil
yield, nutrient uptake, soil fertility, and oil quality of rosemary. Commun. Soil Sci. Plant Anal., 44,
2691-2700. https://doi.org/10.1080/00103624.2013.813532.

Tarasevi¢iené, Z., Velika, A., & Paulauskiené, A. (2021). Impact of foliar application of amino acids
on total phenols, phenolic acids content of different mints varieties under the field
condition. Plants, 10(3), 599. https://doi.org/10.3390/plants10030599.

Tawfeeq, A., Culham, A., Davis, F., & Reeves, M. (2016). Does fertilizer type and method of

application cause significant differences in essential oil yield and composition in rosemary

23



©CO~NOOOTA~AWNPE

(Rosmarinus  officinalis  L.)?. Industrial  Crops and  Products, 88,  17-22.
https://doi.org/10.1016/j.indcrop.2016.03.026.

Topal, M., & Gulcin, 1. (2022). Evaluation of the in vitro antioxidant, antidiabetic and anticholinergic
properties of rosmarinic acid from rosemary (Rosmarinus officinalis L.). Biocatalysis and
Agricultural Biotechnology, 43, 102417. https://doi.org/10.1016/j.bcab.2022.102417

Truzzi, E., Benvenuti, S., Bertelli, D., Francia, E., & Ronga, D. (2021). Effects of biostimulants on
the chemical composition of essential oil and hydrosol of lavandin (Lavandula x intermedia emeric
ex loisel.)  cultivated in  tuscan-emilian  apennines. Molecules, 26(20),  6157.
https://doi.org/10.3390/molecules26206157.

Tuttolomondo, T., Virga, G., Licata, M., lacuzzi, N., Farruggia, D., & Bella, S. L. (2021). Assessment
of production and qualitative characteristics of different populations of salvia sclarea L. Found in
sicily (Italy). Agronomy, 11(8), 1508. https://doi.org/10.3390/agronomy11081508.

Veenstra, J. P., & Johnson, J. J. (2021). Rosemary (Salvia rosmarinus): Health-promoting benefits
and food preservative properties. International journal of nutrition, 6(4), 1.

Virga, G., Licata, M., Consentino, B. B., Tuttolomondo, T., Sabatino, L., Leto, C., & La Bella, S.
(2020). Agro-morphological characterization of sicilian chili pepper accessions for ornamental
purposes. Plants, 9(10), 1400. https://doi.org/10.3390/plants9101400.

Visconti, F., de Paz, J. M., Bonet, L., Jorda, M., Quinones, A., & Intrigliolo, D. S. (2015). Effects of
a commercial calcium protein hydrolysate on the salt tolerance of Diospyros kaki L. cv.“Rojo
Brillante” grafted on Diospyros lotus L. Scientia Horticulturae, 185, 129-138.
https://doi.org/10.1016/j.scienta.2015.01.028.

Vosoughi, N., Gomarian, M., Pirbalouti, A. G., Khaghani, S., Malekpoor, F. (2018). Essential oil
composition and total phenolic, flavonoid contents, and antioxidant activity of sage (Salvia
officinalis L.) extract under chitosan application and irrigation frequencies. Ind. Crops Prod. 117,
366-374. doi: 10.1016/j.indcrop.2018.03.021.

Vultaggio, L., Ciriello, M., Campana, E., Bellitto, P., Consentino, B. B., Rouphael, Y., ... & Sabatino,
L. (2024). Single or blended application of non-microbial plant-based biostimulants and
trichoderma atroviride as a new strategy to enhance greenhouse cherry tomato
performance. Plants, 13(21), 3048. https://doi.org/10.3390/plants13213048.

Waly, A A.; El-Fattah, A.; Hassan, M.A.E.; EI-Ghadban, E. A. E.; Abd Alla, A.S. (2019). Effect of
foliar spraying with seaweeds extract, chitosan and potassium silicate on Rosmarinus officinalis
L. plants in sandy soil. Sci. J. Flow. Ornam. Plants. 6, 191-209.
https://doi.org/10.21608/sjfop.2019.92322.

24



©CO~NOOOTA~AWNPE

Wang, W., Zheng, W., Lv, H., Liang, B., Jin, S., Li, J., & Zhou, W. (2022). Animal-derived plant
biostimulant alleviates drought stress by regulating photosynthesis, osmotic adjustment, and
antioxidant ~ systems in  tomato  plants. Scientia  Horticulturae, 305, 111365.
https://doi.org/10.1016/j.scienta.2022.111365

Wilson, H. T., Xu, K., & Taylor, A. G. (2015). Transcriptome analysis of gelatin seed treatment as a
biostimulant of cucumber plant growth. The Scientific World Journal, 2015(1), 391234.
https://doi.org/10.1155/2015/391234.

25



-4

Click here to access/download;Figure;Figure 1.jpg

Figure 1

X T
a 2 5 i cmperature {°C)
A A m u w
' A 5
— o 2 N
lll e,
-~ "
X .
" 'u
's '
i
A
”' -o-no't
~, °*,
< P
~ &
l'» 0&.|
<
-~
lll- o-.
-
= \\‘ -o-o-
\\ :
-' 0.-...n
\ .
\“‘ -
- :
“‘ -o.ov
\\' -oo.-
\
9 o
\“" 'nt.'lt
s “
poid
'
2 .
<. .
L
\\V &
T .IQI
3 8 E E 3 : .
B 3 s a
[ ] jegurey
Temperature [*C|

4
35
x
25

m -

v J0

1Ly

[ ] gepurey

SIS A

=
W ?,,g f cf
=3 Raandall

YR

Ol

L
= ‘jf

\&\

sessas Tmin wmemes T oo

ssssns T ememem T mas

=3 Raintall


https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3720&guid=737da97c-8f79-4500-afe7-4dd1b90caf83&scheme=1
https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3720&guid=737da97c-8f79-4500-afe7-4dd1b90caf83&scheme=1

-4

igure 2.jpg

F

igure

F

Click here to access/download

Figure 2

favadue = 0000

= NN

pevalue = 0,000

APH-200 VIPH-150 VIPH-300

APH-100

APH-100 APH-200 VPH-130 VPH-300

C

@Dry Yicld

& Fresh Yield

GDyy Yield

Fresh Yicld


https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3721&guid=6301a629-c761-4b36-ab2a-824bdd5d55b8&scheme=1
https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3721&guid=6301a629-c761-4b36-ab2a-824bdd5d55b8&scheme=1

Figure 3 Click here to access/download;Figure;Figure 3.jpg %

A pevalue = 0.000 B pevalve = 0,000

50 50 +
Za Z 01
£ Z
L, L]

4

o0 60
X c
20 4
10 10 :
0 0

APH-100 APH-200 PPH-150 PPH-300 APH-100 APH-200 PPH-150 VPH-300



https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3722&guid=72de7678-35f4-4c81-a7fc-4933c00f7c08&scheme=1
https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3722&guid=72de7678-35f4-4c81-a7fc-4933c00f7c08&scheme=1

Table 1 Click here to access/download;Table;Table 1.xIsx %

Table 1. Biostimulants doses.

Doses for each

Biostimulant .. 1, Abbreviation
application [L hL™]
Animal protein hydrolysates 0.100 APH-100
0.200 APH-200
Plant protein hydrolysates 0.150 PPH-150

0.300 PPH-300
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Table 2. Influence of foliar treatment on rosemary plant height, chlorophyll content and relative water content (RWC) during the

two-years research.

Foliar treatment Plant height [cm] Chlorophyll content [pg cm™] RWC [%]
| year Il year | year Il year | year Il year
Cc 48.3 b 46.5d 29.6 b 284c 79.3ab 77.2a
APH-100 60.6 a 68.2 bc 29.8Db 30.0c 76.9Db 82.6a
APH-200 60.2a 66.0c 319a 334 ab 79.8a 80.8a
PPH-150 60.4a 718a 31.2ab 32.7b 79.6a 794 a
PPH-300 60.3a 67.0b 30.8 ab 34.6a 79.2 ab 74.0 a
p -value 0.000 0.000 0.007 0.000 0.022 0.149

Means are shown. The values followed by different letter are significantly different for p < 0.05 according to Tukey's test. C =
control (only water); APH-100 = 100 mL hL™ of animal protein hydrolysate; APH-200 = 200 mL hL™ of animal protein
hydrolysate; PPH-150 = 150 mL hL™ of plant protein hydrolysate; PPH-300 = 300 mL hL™ of plant protein hydrolysate.
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Table 3

Table 3. Influence of foliar treatment on rosemary
essential oil (EO) content during the two-years research.

Foliar treatment

EO content [%0]

| year Il year

C 21a 2.2¢C
APH-100 16b 2.4 ab
APH-200 16b 2.3b
PPH-150 15b 25a
PPH-300 15b 2.3 bc
p -value 0.000 0.000

Means are shown. The values followed by different letter
are significantly different for p < 0.05 according to
Tukey's test. C = control (only water); APH-100 = 100

mL hL™" of animal protein hydrolysate; APH-200 = 200
mL hL™" of animal protein hydrolysate; PPH-150 = 150
mL hL™ of plant protein hydrolysate; PPH-300 = 300 mL
hL™ of plant protein hydrolysate.
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Table 4. Components of rosemary EO and p -value in response to foliar treatment during the two-years research.

| year Il year
Peak Compounds Rlcaic Rljit Foliar treatment Foliar treatment
C APH-100 APH-200 PPH-150 PPH-300 Significance C APH-100 APH-200 PPH-150 PPH-300 Significance

1 tricyclene 919 921 0.11 0.11 0.22 0.26 0.16 n.s. 0.22a 0.18 ab 0.15b 0.18 ab 0.19 ab *
2 a-thujene 923 924 0.18 0.20 0.18 0.20 0.22 n.s. 0.24 0.22 0.18 0.22 0.21 n.s.
3 a-pinene 931 932 35.52 36.75 35.44 38.59 42.93 n.s. 36.89 32.92 33.60 35.29 33.25 n.s.
4 camphene 943 946 3.93 4.36 3.96 4.36 4.59 n.s. 4.18 3.66 3.51 3.85 3.79 n.s.
5 thuja-2,4(10)-diene 949 953 1.02 1.01 0.86 1.04 1.03 n.s. 0.90 0.93 0.89 0.89 0.88 n.s.
6 sabinene 972 969 1.08 1.20 1.16 1.21 1.27 n.s. 2.50 2.18 2.16 2.34 2.19 n.s.
7 b-myrcene 990 988 1.33 1.32 1.26 1.17 1.35 n.s. 1.19 1.08 1.08 1.10 1.09 n.s.
8 a-phellandrene 1002 1002 0.32 0.33 0.29 0.31 0.34 n.s. 0.39 0.38 0.34 0.37 0.38 n.s.
9 a-terpinene 1014 1014 0.79 0.83 0.77 0.81 0.88 n.s. 1.02 1.00 0.93 1.00 1.01 n.s.
10 p-cymene 1022 1024 1.55 1.55 1.43 1.41 1.52 n.s. 0.59 0.53 0.51 0.49 0.56 n.s.
11 1.8 cineol 1029 1026 27.00 26.83 27.01 27.79 25.45 n.s. 24.43 24.20 24.92 25.08 24.44 n.s.
12 y-terpinene 1055 1054 0.96 1.01 1.01 1.20 1.29 n.s. 1.73 1.75 1.68 1.72 1.80 n.s.
13 terpinolene 1085 1088 0.75 0.81 0.73 0.63 0.73 n.s. 131a 131a 1.22b 1.27 ab 131a *
14 linalool 1099 1098 1.93 1.65 1.90 1.39 1.21 n.s. 1.61 1.86 1.92 1.72 1.83 n.s.
15 chrysanthenone 1121 1124 0.47 0.46 0.52 0.39 0.37 n.s. 0.79 0.83 0.71 0.71 0.77 n.s.
16 camphor 1138 1141 2.36 2.26 2.34 2.11 1.85 n.s. 1.96 2.07 2.12 1.96 2.08 n.s.
17 pinocarvone 1155 1160 0.48 0.39 0.48 0.36 0.27 n.s. 0.33 0.36 0.36 0.34 0.36 n.s.
18 borneol 1160 1165 3.83ab 3.29ab 4.06 a 3.05ab 241D * 3.40 4.03 4.04 3.60 3.97 n.s.
19 terpinen-4-ol 1172 1174 0.63 0.50 0.65 0.39 0.28 n.s. 0.44 0.52 0.50 0.46 0.49 n.s.
20 a-terpineol 1186 1186 2.03 1.64 2.03 1.30 1.11 n.s. 1.21 1.49 1.50 1.31 1.45 n.s.
21 myrtenol 1192 1194 0.22 0.28 0.31 0.17 0.10 n.s. 0.23 0.28 0.27 0.24 0.27 n.s.
22 verbenone 1205 1204 6.10 5.12 5.64 4.75 3.75 n.s. 5.52 6.22 6.28 5.62 6.44 n.s.
23 carvacrol methylether 1243 1241 0.08 0.14 0.13 0.06 0.05 n.s. 0.29 0.37 0.27 0.29 0.34 n.s.
24 geranial 1262 1264 0.61 0.21 0.68 0.14 0.14 n.s. 1.38 191 1.92 1.57 1.75 n.s.
25 bornyl acetate 1287 1285 1.96 2.06 2.00 1.83 151 n.s. 254D 3.56 a 3.48 a 311a 3.40a *
26 a-copaene 1371 1374 0.19 0.11 0.35 0.19 0.37 n.s. 0.35b 0.50 ab 0.54a 0.39 ab 0.44 ab *
27 B-caryophyllene 1419 1417 4.07 4.70 3.93 4.16 4.50 n.s. 3.65 4.48 4.29 4.08 4.36 n.s.
28 a-humulene 1455 1452 0.28 0.23 0.29 0.19 0.17 n.s. 0.45 0.58 0.52 0.50 0.54 n.s.
29 caryophyllene oxide 1589 1582 0.08 0.05 0.08 0.04 0.04 n.s. 0.08 0.13 0.09 0.08 0.09 n.s.

Rl.,.: Retention indices relative to C9-C27 n-alkenes from a HP-5MS-column; RI; = Retention Indices based on Adams (2007). ** = significant at 0.01 probability level; * = significant at 0.05 probability level; n.s. =
not significant. Means are shown. The values followed by different letter are significantly different for p < 0.05 according to Tukey's test. C = control (only water); APH-100 = 100 mL hL™ of animal protein
hydrolysate; APH-200 = 200 mL hL™ of animal protein hydrolysate; PPH-150 = 150 mL hL? of plant protein hydrolysate; PPH-300 = 300 mL hL? of plant protein hydrolysate.


https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3733&guid=3aeb2151-9dcf-440d-8b65-58fae5283d90&scheme=1
https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3733&guid=3aeb2151-9dcf-440d-8b65-58fae5283d90&scheme=1

Table 5 Click here to access/download;Table;Table 5.xIsx %

Table 5. Influence of foliar treatment on rosemary phenolic content (PC), antioxidant activity (AA) and rosmarinic acid (RA).

Foliar treatment PC[mgc.a.e. g7] AA[mgte.g7] RA [%]
| year Il year | year Il year | year Il year
Cc 109.2 a 78.5ab 1408 a 136.7 ab 1l6a 16a
APH-100 97.3Db 8l.2a 111.1b 12440 l4a 1.2b
APH-200 97.6Db 69.8 C 121.2b 1l44.1a 15a 1l6a
PPH-150 97.3Db 82.1a 111.1b 1249 15a 1.2b
PPH-300 953D 75.3Db 138.8a 135.6 ab 1l6a 16a
p -value 0.000 0.000 0.000 0.013 0.300 0.000

Means are shown. The values followed by different letter are significantly different for p < 0.05 according to Tukey's test. C =
control (only water); APH-100 = 100 mL hL™ of animal protein hydrolysate; APH-200 = 200 mL hL™ of animal protein
hydrolysate; PPH-150 = 150 mL hL™ of plant protein hydrolysate; PPH-300 = 300 mL hL™ of plant protein hydrolysate.


https://www2.cloud.editorialmanager.com/ijagr/download.aspx?id=3734&guid=35de99a8-7f3e-49d8-a690-cb0d1f16adc5&scheme=1
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Highlights (for review)

Highlights
e Protein hydrolysates significantly improve yield traits in rosemary plant.
e Plant-derived protein hydrolysate performs well when applied at the lowest dose.
e Animal and plant-derived protein hydrolysates do not modify the aromatic profile of the
essential oil.

e Protein hydrolysates determine contrasting effects on some chemical properties of rosemary.



