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Abstract

The aim of the research was to evaluate fertilization technologies for the indicators of the

quality and quantity of highbush blueberry yield. In the experiment, a similar level of mineral

fertilization was used in all treatments. The experiment was to show the differences between

fertilization with biostimulation and without biostimulation. The research was carried out in

two seasons (2019–2020) on ´Bluecrop` shrubs growing in the Blueberry Experimental

Field in central Poland (51˚ 55’42.7 "N 20˚ 59’28.7" E). Shrubs grow at a distance of 1 x 3 m.

Plants are rejuvenated every year in spring and irrigated by drip. The experiment was car-

ried out in a random block design (4 fertilizer treatments x 5 replications x 6 bushes). The

experiment assessed the effect of fertilization on yield, berry mass, fruit setting, leaf surface

and physicochemical parameters of fruit. Based on the conducted research, it was proved

that the applied fertilization technologies had a significant impact on the size and quality of

the yield of “Bluecrop” highbush blueberry. Particularly noteworthy is the fertilization technol-

ogy with biostimulation (treatment T4), which has a positive effect on the yield, fruit mass,

percentage of setting and firmness of the berries. Analysis of the issue in the light of the

results of the conducted research shows that the use of biostimulated products has an

important impact on the intensification of production while maintaining good quality of fruits.

Through research, the positive effect of fertilization programs with biostimulation (treatment

T4) on the most important production parameters of blueberry fruit from the producer’s point

of view has been proven.

Introduction

Constantly growing consumer demand for blueberry fruit makes the cultivation of this species

expand, year by year, in Poland and around the world. The high demand for highbush
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blueberry fruit is driven by its pro-health and taste values, as well as a wide-ranging campaign

promoting blueberry as superfoods. According to the International Blueberry Organization,

the production of blueberries in 2020 exceeded 1 million tons worldwide [1]. In recent years,

the agricultural sector has faced the challenges of increasing production in order to feed a

growing world population and use resources efficiently, while reducing the impact of agricul-

tural production on ecosystems and human health. Fertilizers and pesticides play a key role in

agriculture, providing growers with a tool to increase and ensure high-quality yield, both

under optimal and stressful conditions [2]. An innovative and environmentally friendly solu-

tion is the use of natural plant biostimulants, which support flowering, plant growth, fruit set-

ting, yielding and nutrient use efficiency, as well as increasing tolerance to a wide range of

abiotic stressors [3]. Substances containing seaweed increase the tolerance to abiotic stress,

and improve plant performance and durability of the fruit, so unique chemical composition of

marine algae is associated with the environment in which they live (salt water, low tempera-

tures, lack of light, the periodic ebb and drying) [4, 5].

Of particular interest are fertilizers with biostimulation that are using extracts of marine

algae. The complex chemical composition of seaweed extracts containing valuable nutrients

and biostimulants, i.e. macro and microelements, amino acids, vitamins, cytokinins, auxins,

abscisic acid (ABA) [6–9], determines their way of interaction in plants. The great advantage

of marine algae is their growth power, which is ten times greater than that of maize. About 250

tons of Laminaria Digitata algae are obtained from one hectare of the sea surface, while about

22 tons of dry matter of maize from one hectare of land [10]. Although marine algae have been

used in agricultural production for decades and the first records of their use as a fertilizer are

dated as late as 16th century, [11–13] there is still no legal definition of biostimulation or bios-

timulant. Defining the biological basis of biostimulants as a class of compounds complicates

the variety of biostimulants available on the market. These include bacteria, fungi, sea algae

extracts, telomic plant extracts, raw materials of animal origin. The same is true for the variety

of industrial processes implemented for the preparation of biostimulant products [14]. Du Jar-

din (2015) [15] proposed the following definition: "A plant biostimulant is any substance or

microorganism applied to plants with the aim to enhance nutrition efficiency, abiotic stress

tolerance and / or crop quality traits, regardless of its nutrients content. By extension, plant

biostimulants also designate commercial products containing mixtures of such substances and

/ or microorganisms". Based on this definition, we assume that biostimulants have a beneficial

effect on crop productivity by interacting with plant physiological processes, increasing plant

resistance to stress [16]. Biostimulation in agriculture has been the subject of many recent

studies showing that plants’ stress response is regulated by signaling molecules produced by

the plant or related microorganisms [17–19]. Biostimulants can either directly interact with

signaling molecules generated by plants or stimulate plant-related and beneficial microorgan-

isms [16]. From the perspective of growing consumer demands, with the changing availability

of plant protection products and changing climatic conditions, stimulating the natural resis-

tance and yield of plants using natural bioactive substances [20] is the most effective method

of building both the quantity and quality of the crop. Compounds contained in marine algae,

not only have a positive effect on the soil structure and its water capacity [21], but also stimu-

late the development of beneficial soil microorganisms [13]. Plants treated with sea algae

extracts take up and assimilate nutrients faster than untreated plants [22], are characterized by

stronger growth [13, 22] and have a well-developed root system with numerous fine side roots

[23, 24]. Calvo et al., 2014; Rose et al., 2014 [25, 26] provide evidence that biostimulants can

increase macronutrient uptake and have been attributed to an effect on the absorption activity

or stimulation of nitrogen metabolism. Also, Saa et al., (2015) [27] report that in the experi-

ment with almonds grown in conditions of high nutrient supply, sea algae extracts or products
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of microbial fermentation of cereal grains clearly had a positive effect on shoot growth and leaf

surface. Algae extracts have a positive effect on the effectiveness of plant protection against dis-

eases and pests [28, 29], increase tolerance to drought [30] and high temperature [31–33].

In addition to proper mineral fertilization, biostimulants can increase the effectiveness of

conventional fertilizers [34], absorb and accumulate greater amounts of macronutrients at the

leaf level [22]. In the studies of Mancuso et al [22], the IPA extract (Adenine Isopentyl) had an

effective impact on the accumulation of nitrogen, phosphorus and potassium in grapevine

plants. The role of biostimulants in the accumulation of nutrients at the tissue level is still

under investigation. According to Salat, [35] biostimulators may contain chelating agents (e.g.

mannitol in seaweed), which can enhance the availability of nutrients and a better absorption

of the chelate from the surface of the leaves. In this manuscript, the authors assessed the impact

of fertilization technology on the quality and yield of blueberries. The aim of the study was to

show the differences between fertilization with and without biostimulation. The purpose of the

research is new, and the products used for the research are innovative. The conducted research

provides knowledge on the use of fertilization with biostimulation in blueberry cultivation.

Research methodology

This work was carried out under the program of the Ministry of Science and Higher Education

"Doktorat Wdrożeniowy" no. um. 0060 / DW / 2018/02. The aim of the program is to create con-

ditions for the development of cooperation between the scientific community and the socio-eco-

nomic community conducted as part of doctoral studies, introducing the possibility of educating

a participant of doctoral studies in cooperation with the entrepreneur (or other entity) employing

him/her. The research was carried out in 2019–2020 at the Experimental Blueberry Field, Warsaw

University of Life Sciences in Błonie near Prażmów, central Poland (51˚ 55’42.7 "N 20˚ 59’28.7"

E). More than 30-year-old shrubs of the ´Bluecrop` cultivar grow at a spacing of 1 x 3 m. In accor-

dance with IPO practices, plant protection treatment like rejuvenating pruning is carried out in

the quarters, and in addition to that, the quarters are irrigated by drip. The pH range of the sub-

strate during the experiment was between 4,5 and 4,8. In the experiment, the soil was tested in a

certified laboratory of the Regional Chemical and Agricultural Station in Łódź (Table 1) and, on

account of the results, nutrients were supplemented to optimal values (Table 2). Permission was

obtained from Warsaw University of Life Science to collect plant materials and all study/experi-

mental protocols involving plant materials were conducted in accordance with institutional,

national, and international guidelines and legislation.

The research material consisted of shrubs and blueberries of ´Bluecrop` highbush cultivar.

The experiment was carried out in a random block system. Four fertilizer treatments were

tested, with five repetitions in each treatment. Each replicate contained six plants. In 2019, the

Table 1. Test report no. GO / 502/18.

Code Customer’s

sample labelling

Salinity pH Content in mg / l

letter-

digit

sample

g NaCl / l in H2O N-NO3 N-NH4 P K Ca Mg Cl

GO / 502/

4/18

4 0.08 4.9 <10.0 � <10.0 � <20.0 � <20.0 � 245 20 <10.0 �

Research Procedure /

Standard

PB 02 ed. 3

from March

1, 2018

PB 01 ed.2

from March

1 2018

PB 06 ed.1

from May 28,

2004

PB 69 ed.1

from April 3

2017

PB 03 ed.2

from March

19, 2007

PB 04 ed.1

from May

21, 2004

PB 04 ed.1

from May

21, 2004

PB 05 ed.1

from May

28, 2004

PB 07 ed.1

from May

28, 2004

� /—result below the lower range of the method.

https://doi.org/10.1371/journal.pone.0271383.t001
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harvest was carried out from 01.07.2019 to 10.08.2019 and in 2020 from 05.07.2020 to

05.08.2020. Harvested fruit was a collective sample, averaged from all harvests. The experiment

assessed the effect of biostimulation on yield, mass of 100 berries, fruit setting, leaf surface and

quality parameters of fruit.

• ’Treatment T1’—included traditional sprinkling and foliar fertilization without bioactive

substances (control treatment).

• ’Treatment T2’—included traditional sprinkling and foliar fertilization extended with a

preparation containing phytohormone precursors and biostimulants.

• ’Treatment T3’—included traditional sprinkling and foliar fertilization extended with an

implementation preparation (currently ongoing registration studies) containing bioactive

substances.

• ’Treatment T4’—soil and foliar fertilization with preparations containing biostimulation was

applied in treatment.

In the performed experiment, in each treatment, the amount of nutrients supplied to the

plants (N, K, P, Mg etc.) was equal or very close. The assessed factor was the method of fertili-

zation and active compounds (biostimulants) occurring in various forms and concentrations.

In treatment T1 traditional sprinkled and foliar mineral fertilizers available on the market

were used (Table 2), containing no additional bioactive or anti-stress substances. Combination

T1 is a control where only mineral fertilization was used, without biostimulation.

Treatment T2 used a biostimulating product (N 3%, P 7%, K 7%, Mn 0,05%, Zn 0,1%) with

complex NMX1 (Patent No. EP 01500090.4) It is a growth stimulating composition for plants

characterized by one or several of the following components: a precursor compound of cyclic

AMP (cyclic adenosine monophosphate) for its transformation in the latter compound in the

interior of the cells, a compound with the capacity to inhibit the activity of the enzymes of the

phosphodiesterases family, a compound with the capacity to stimulate the activity of the

enzymes of the Adenyl- Cyclase family, an agonist compound of the β-adrenergic receptors, a

chosen compound between arachidonic acid or a prostaglandin. According to the producer,

this product is a natural enhancement of all plants’ processes involved in fruit setting, complete

and sustainable action to support the plant from fruit setting to fruit ripening, reinforcement

of the development of the fruits coming from the parthenocarpic.

In treatment T4, the full biostimulation program recommended by the manufacturer of fertil-

izers based on marine algae extracts was used. The complex NMX1 was used as in treatment M,

and biostimulating complex Fertiactyl1 (patent number 945000107) combining 3 active sub-

stances (humic and fulvic acids, glycine-betaine, zeatine) and mineral elements (N 13%, P 5%, K

8%) that work in synergy. According to the producer, it improves abiotic stress resistance to exter-

nal pressures (heat stress and drought stress). When the stress occurs, glycine-betaine complex

stabilizes the balance of water / mineral salts in the leaves, enabling them to keep working. Biosti-

mulation complex improves photosynthesis by protecting the chloroplasts from aging, naturally

stimulates the development of new organs rooting and tillering. Additionally, the Seactiv1 com-

plex (Patent No. EP98400150.3)—contains seaweed extracts and mineral nutrients, whereas the

main components are a hormonal precursor like isopentyl of adenine, natural osmolytes (glycine

Table 2. Sum of nutrients used in the experiment in all assessed treatment (K,T,M,W).

N [kg / ha-1] P2O5 [kg / ha-1] K2O [kg / ha-1] SO3 [kg / ha-1] CaCO3 [kg / ha-1]

100 30 92.5 142 64

https://doi.org/10.1371/journal.pone.0271383.t002
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—betaine) and amino-acids. According to the producer, the complex of phytohormones,

increases plant’s tolerance to stresses whilst boosting its physiological processes. It also enhances

root development, nutrient absorption and nutrient movement within the plant, as well as

increases the homogeneity (evenness) of crops through delayed senescence "Stay Green Effect".

What is more, leaf photosynthesis is optimized, while also ensuring homogenous fertilization,

flowering and quality of fruit / grain yield. Also, soil fertilization was based on a preparation with

biostimulation. Nprocess1 complex (NPK 8-8-17, MgO 3%, SO3 29%, CaCO3 14%, B 0,15%, Zn

0,1%)—allows a constant flow of nitrate with increased absorption (“pump effect”), improves

nitrogen transformation within the plant, therefore generating more protein and Dry Matter

(DM). N-PRO is an Indolic hormone which enhances the action of nitrate reductase and stimu-

lates crop demand for nitrogen, which is essential for fast and effective conversion of nitrates into

useable plant proteins. The Top–Phos1 complex (NPK 5-10-15, CaO 10%, MgO 3%, SO3 37%, B

0,15%, Zn 0,1%) used, is a new molecule of phosphorus that contains an organic matrix being

immediately available for plant uptake throughout the growing season. Phosphate availability is

combined with a root system stimulator and a biological activity booster.

In treatment T3, a new type of biostimulation was used, based on extracts from the Kaori

tree and sea algae, with bioactive properties, aimed at improving the physiological processes in

crops (preparation under registration studies).

Both the yield of the experiment and the mass of 100 fruits were assessed based on the unit

mass of the fruit harvested within the replication. Measurements were made using a precise

digital scale Elegance (Höffman, Braunschweig, Germany). Assessment of setting was per-

formed for each treatment on 15 representative perennial shoots (100 flowers were counted in

12 replications for each treatment). Flowers were counted at the beginning of flowering, then

fruit buds were counted 21 days after flowering. Based on the number of flowers in relation to

the number of fruits, the degree of fruit set was calculated. Leaf area was assessed on the

grounds of 1.200 representative leaves within each treatment using the 3100 Area Meter (PG

Debrunner Ing, Bad Homburg, Germany).

Fruit acidity was determined by titration according to PN-EN 12147: 2000 [36] standard.

To determine the acidity, 20 fresh fruits from each replication were used. The juice for the test

was obtained by crushing the fruit with a DI 25 Basic mill (Kika–Werke GMBH and CO, Stau-

fen, Germany) and then the obtained homogenate was centrifuged for 10 minutes at 2˚ C. The

juice was mixed with distilled water in a ratio of 1:10 (v:v) and titrated with 0,1 M NaOH to

pH 8.1 using TitroLine 5000 (Si Analytics, Mainz, Germany). The amount of NaOH consumed

was then converted to the percentage of citric acid.

Fruit firmness was measured according to the method described by Szpadzik et al [37] on

20 freshly picked fruits from each repetition. The INSTRON 5542 firmness gauge was used for

the analyzes (Instron Corporation, Norwood, Massachusetts USA). A 4.5 mm diameter pin

was used to measure fruit firmness by inserting the pin 5 mm into the fruit pulp. Measure-

ments were made once on each fruit in the vertical part. The results are given in Newtons.

The content of the extract was determined in accordance with the PN-EN 12143: 2000 [38]

standard in the fruit juice of each repetition. The analysis of the extract content was performed

using a PR-32 ALPHA digital refractometer (Atago, Tokyo, Japan). Clear juice for the test was

obtained the same way as in the measurement of titratable acidity.

Statistical analysis

Test results were analyzed statistically using the one-way analysis of variance method. The

inference was based on the significance level <0.05. All statistical analyzes were performed in

the SAS Enterprise Guide 5.1 program (Sas Institute Sp. z o.o., Warsaw, Poland).
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Results

The yield of ´Bluecrop` blueberry fluctuated from 4.2 to 5.9 kg.shrub-1, i.e. from 14.1 to 19.5

t.ha-1 and significantly depended on the fertilization technology used and the year of research

(Table 3). Shrubs from treatment W yielded significantly lower than those with technology

with biostimulation from treatment T. Regardless of the treatment used, in 2020, the plants

yielded significantly better than in 2019. Statistical analysis showed a significant impact of the

applied fertilization technologies on the mass of highbush blueberries (Table 3). It was found

that the bushes fertilized with the biostimulation technology (T4) had a significantly higher

mass of 100 berries than the control bushes (T1). There was no significant influence of the

study year on the trait studied. The setting degree of “Bluecrop” highbush blueberry was signif-

icantly modified by the fertilization technology (Table 3). The bushes treated with biostimula-

tion preparations (T4) were characterized by a significantly higher level of fruit setting than

those sprayed with the implementation preparation (T3). There was no significant influence of

the study year on the trait studied. The leaf area of highbush blueberry shrubs ranged from

21.5 to 22.7 cm2 and did not differ significantly between the treatments used and the years of

research (Table 3). The level of acidity of blueberry fruits was significantly influenced by the

fertilization technology, the fruits from the shrubs sprayed with the implementation prepara-

tion (T3) were characterized by a significantly lower level of acidity than the control ones and

treated with the biostimulation technology (T4) (Table 3). There was no significant influence

of the study year on the trait studied. The interaction of the fertilization technology and the

research year was significant for the analyzed parameter. Blueberry fruit extract ranged from

11.6 to 12.1% and did not differ significantly between the assessed treatments (Table 3). A sub-

stantial influence of the study year on the assessed fruit quality parameter was demonstrated.

In the first year of the study, blueberries were characterized by a significantly higher level of

extract than in 2020. The fruit firmness significantly depended on the fertilization technology

used, the shrubs treated with the biostimulation technology (T4) had significantly firmer ber-

ries than the control berries (T1) (Table 3). A major impact of the study year on the assessed

fruit quality parameter was demonstrated, in 2019 blueberries were notably less firm than in

2020 (Table 3).

The yield of highbush blueberries in the subsequent years of research ranged from 12.7 to

23.5 t. ha-1. In the first year, the bushes treated with the implementation preparation (T3)

Table 3. Influence of fertilization technology on the yield and quality of ´Bluecrop` highbush blueberry.

Average yield per

bush [kg / bush-1]
Average yield per

hectare [t / ha-1]
Mass of 100

berries [g]

Average fruit

setting, [%]

Leaf area

[cm2]

Acidity [%

citric acid]

Soluble solids

[Brix ˚]

Firmness

[N]

T1 -Control 5.1 ± 1.5 AB 16.9 ± 5.1 AB 200.1 ± 13.9 B 83.7 ± 11 AB 21.5 ± 5.2 A 0.63 ± 0.05 B 11.8 ± 1.2 A 3.5 ± 0.3 B

T4—Technology with

biostimulation

5.9 ± 2.5 A 19.5 ± 8.2 A 224.7 ± 13.9 A 93.8 ± 7 A 22.7 ± 0.8 A 0.59 ± 0.12 B 12.1 ± 1.1 A 3.8 ± 0.3 A

T2- Preparation with

hormone precursors

4.8 ± 1.2 AB 15.85 ± 3.8 AB 209.5 ± 9.9 AB 88.7 ± 4 AB 21.7 ± 1, 4

A

0.65 ± 0.07 AB 12.1 ± 1.3 A 3.7 ± 0.3

AB

T3—Implementation

preparation

4.2 ± 0.6 B 14.1 ± 2.1 B 210.23 ± 16.3 AB 83.3 ± 11 B 21.9 ± 1.5 A 0.73 ± 0.11 A 11.6 ± 1.5 A 3.7 ± 0.3

AB

p-value 0.0574 0, 0574 0.0047 0.0308 0.8227 0.0005 0.0773 0.0485
2019 4.2 ± 1.5 B 13.6 ± 4.1 B 210.1 ± 13.4 A 89 ± 8 A 22, 2 ± 2.9

A

0.66 ± 0.01 A 13.1 ± 0.3 A 3.4 ± 0.1 B

2020 5.9 ± 1.5 A 19.5 ± 5.1 A 212.2 ± 18.4 A 86 ± 10 A 21.7 ± 2.7 A 0.64 ± 0.12 A 10.7 ± 0.5 B 3.9 ± 0.2 A

p-value 0.0002 0.0002 0.6521 0.3207 0.6316 0.4562 <0.0001 <0.0001
Treatment � YEAR 0.5266 0.5266 0.5076 0.9043 0.9926 0.0001 0.1593 0.9559

p-value

https://doi.org/10.1371/journal.pone.0271383.t003
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yielded the lowest, reaching 12.7 t. ha-1, while the best treated with the technology with biosti-

mulation (T4) 15.7 t. ha-1, in the case of control (T1) and after the application of the prepara-

tion with hormone precursors, the yield was 13.0 t. ha-1 (Fig 1). In 2020, the shrubs yielded

significantly better than in 2019 (Table 3). In the second year of the study, a similar relation to

2019 was observed in the distribution of the yield of blueberry shrubs (Fig 1). Plants treated

with preparations with biostimulation (T4) yielded the best, reaching 23.5 t. ha-1, while the

least treated with the implementation preparation (T3), reaching the level of 15.4 t. ha-1.

The Pearson correlation coefficient of the multivariate analysis was performed for individ-

ual treatments, regardless of the year of the study (Table 4). It was shown that in all analyzed

treatments, the level of extract in blueberry fruit decreased with the increase in yield, which

was confirmed by a significant negative correlation. A substantially positive correlation of

firmness with an increase in the yield was demonstrated for the control treatment (T1), with

the preparation with hormone precursors (T2) and the implementation preparation (T3).

Fruit acidity negatively correlated with the yield, with the increase in the yield, the acidity

parameter decreased in the control (T1) and with the use of biostimulation technology (T4).

The last crucial correlation in the analyzed parameters is the degree of fruit set. It was found

that in the case of the technology with biostimulation (T4) and the implementation prepara-

tion (T3), it strikingly negatively correlated with the fruit yield.

Analyzed irrespective of the treatments used and the year of the study, Pearson correlation

coefficient showed a substantial correlation between acidity, extract and firmness in relation to

the fruit yield, and showed a strong negative correlation between the extract and firmness

(Table 5).

Cluster analysis (Fig 2) showed a division into three main clusters, with each cluster relating

to individual fruit quality parameters. The first cluster consisting of individual treatmensts of

Fig 1. Yield of ´Bluecrop` highbush blueberry in the subsequent years of research depending on the fertilization technologies

used. Error bars indicate standard error.

https://doi.org/10.1371/journal.pone.0271383.g001
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the firmness parameter showed a division into two subsequent clusters, of which the first

group is the technology with biostimulation (T4) and the preparation with hormone precur-

sors (T2), whereas the second group is the implementation preparation (T3) and control (T1).

In the case of firmness, similarities were demonstrated between the technology with biostimu-

lation (T4), the preparation with hormone precursors (T2) and the implementation prepara-

tion (T3), while the deviating object is the control (T1). The acidity parameter showed

similarity between the control (T1), the preparation with hormone precursors (T2) and the

biostimulating technology (T4), whereas the deviating object was the implementation prepara-

tion (T3) (Fig 2).

The sum of PC (PC1 and PC2) of the total variable of traits for the fruit of “Bluecrop” high-

bush blueberry was 48.96% (for PC1 31.63% and for PC2 17.33%, respectively) (Fig 3). When

considering the analysis of the parameters of the yield size and quality in 2019, a similarity

between specific parameters that formed four groups was observed. The first group is the rela-

tionship between the yield and the leaf area, the second is the relationship between the acidity

and the mass of 100 berries. The third group is the degree of fruit set and firmness, and the

fourth is the extract, which is independent of other parameters (Fig 3).

The sum of the PC of the total variable for the analyzed traits for “Bluecrop” highbush blue-

berry fruit was 57.05% (36.69% for PC1 and 20.36% for PC2, respectively) (Fig 4). When

Table 4. Pearson’s correlation coefficients for multivariate analysis of the impact of fruit yield, t.ha-1 for blueberry fruit parameters.

Treatments Mass of 100 berries

[g]

Average fruit setting,

[%]

Leaf area

[cm2]

Acidity [% citric

acid]

Soluble solids

[Brix˚]

Firmness

[N]

Control–T1 0.18171 -0.23407 -0.29665 -0.61421 -0.79708 0.57718

0.6154 0.5151 0.4052 0.0589 0.0058 0.0806

Technology with biostimulation–T4 0.26522 -0.47290 -0.07315 -0.41364 -0.51991 0.13284

0.4589 0.1675 0.8408 0.2347 0.1235 0.7145

Preparation with the precursors of the

hormones–T2

-0.30462 0.25847 0.09849 -0.22662 -0.49771 0.64642

0.3921 0.4709 0.7866 0.5289 0.1432 0.0434

Implementation preparation–T3 -0.25648 -0.49720 -0.33165 0.30559 -0.71724 0.69862

0.4744 0.1437 0.3492 0.3905 0.0195 0.0246

https://doi.org/10.1371/journal.pone.0271383.t004

Table 5. Pearson’s correlation coefficient for the parameters of yield size and quality.

Fertilizer treatments Average yield per hectare

[t / ha-1]

Mass of 100

berries [g]

Average fruit

setting, [%]

Leaf area

[cm2]
Acidity [% citric

acid]

Soluble solids

[Brix ˚]

Firmness

[N]

Average yield per

hectare t / ha

1 0.1787 -0.0672 -0.0954 -0.4103 -0.4530 0.3585

0.2699 0.6805 0.5580 0.0085 0.0033 0.0231

Mass of 100 berries g 0.1787 1 0.0778 0.0047 -0.2420 -0.0089 0.1272

0.2699 0.6333 0.9770 0.1325 0.9568 0.4343

Average fruit setting,% -0.0672 0.0778 1 0.1859 -0.2245 0.2583 -0.0860

0.6805 0.6333 0.2509 0.1638 0.1076 0.5979

Leaf area cm2 -0.0954 0.0047 0.1859 1 0.0517 0.0892 -0.1378

0.5580 0.9770 0.2509 0.7515 0.5843 0.3965

Acidity% citric acid -0.4103 -0.2420 -0.2245 0.0517 1 - 0.1523 -0.1221

0.0085 0.1325 0.1638 0.7515 0.3482 0.4528

Soluble solids Brix -0.4530 -0.0089 0.2583 0.0892 -0.1523 1 -0, 7298

0.0033 0.9568 0.1076 0.5843 0.3482 <0.0001

Firmness N 0.3585 0.1272 -0.0860 -0.1378 -0.1221 -0.7298 1

0.0231 0, 4343 0.5979 0.3965 0.4528 <0.0001

https://doi.org/10.1371/journal.pone.0271383.t005

PLOS ONE Innovative fertilization compared to traditional fertilization in the cultivation of highbush blueberry

PLOS ONE | https://doi.org/10.1371/journal.pone.0271383 July 20, 2022 8 / 15

https://doi.org/10.1371/journal.pone.0271383.t004
https://doi.org/10.1371/journal.pone.0271383.t005
https://doi.org/10.1371/journal.pone.0271383


analyzing the assessed parameters in 2020, three groups of clusters were found. The first and

second are independent parameters: acidity and yield. The third and largest group of depen-

dent features are firmness, leaf surface, degree of fruit set, mass of 100 berries and extract

(Fig 4).

Discussion

Bioactive substances influence several physiological processes taking place in the plant at the

cellular level. This improves the efficiency and functioning of the entire plant organism [39].

There are many studies in the literature showing the positive effect of biostimulation prepara-

tions on the overall biological performance of plants [40, 41]. The above dependence was con-

firmed in the present study, where the biostimulating program had a positive effect on the

yield and the degree of fruit set in comparison to the other treatments, in the case of the imple-

mentation preparation (T3) this effect was significant. This dependence may result from the

fact that plants treated with sea algae extracts not only take up and assimilate nutrients faster

compared to untreated ones [22], they are also characterized by more robust and stronger

growth [9, 21] and finally, have a well-developed root system with numerous small side roots

[23, 24] capable of wider nutrient uptake. Ohta et al. (2004) [42] showed that phytoregulators

used around flowering, improve flowering efficiency, flowers vitality, pollen vitality and qual-

ity, and the efficiency of the pollination and fertilization process, which directly translates into

improved fruit quality and quantity. Abetz and Young (1983) [43], Featonby-Smith and Van

Staden (1987 a, b) [44, 45], Arthur et al. (2003) [46] report that applications of preparations

Fig 2. Branching-tree diagram for the extract, firmness and acidity of ´Bluecrop` highbush blueberry fruit.

https://doi.org/10.1371/journal.pone.0271383.g002
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based on sea algae extracts contribute to earlier flowering, better setting and fruit development

of many crops. Also, in the research presented in this paper, the positive effect of biostimulat-

ing preparations on the setting and mass of the tested fruit was proved. The degree of fruit set

in shrubs treated with the biostimulating program (T4) was the highest among all the assessed

treatments, compared to the implementation preparation (T3), this effect was significant. A

substantially better degree of fruit setting in treatment T4 is associated with the beneficial effect

of sea algae extracts on reducing biotic and abiotic stresses—on the effectiveness of plant pro-

tection against diseases and pests [28, 29], drought tolerance [30] and high temperature [31–

33]. The size of the fruit determined by the mass of 100 berries in the treatment with the biosti-

mulating program was the highest among all the assessed treatments, these differences were

significant compared to the control. Crouch and Van Staden (1992) [47] showed that tomato

plants treated with seaweed extracts produced on average 30% larger and better-quality fruit

than the control. Similar dependencies were proved in the work of Zadope et al. (2011) [48],

foliar fertilizer application with sea algae extracts improved the tomato yield by 5% in relation

to the control treatment. The beneficial effect of Ascophyllum nodosum (L.) algae on the size

Fig 3. PCA analysis of blueberry fruit in terms of yield size and quality parameters in 2019.

https://doi.org/10.1371/journal.pone.0271383.g003
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and quality of the grapevine yield of ’Thompson Seedless’ was demonstrated by Norrie and

Keathley (2006) [49]. In the course of the three-year study, plants sprayed with sea algae

extracts yielded an average of 60,4% better, producing larger fruit and with a greater number

of clusters on the bush than the control shrubs. A highly favorable effect of algae on the size

and quality of the yield was also shown by: Crouch et at. (1992) [50], Aldworth and Van Staden

(1987) [51], Abetz and Young (1983) [43], Featonby-Smith and Van Staden (1983) [45] and

Arthur et at. (2003) [46]. The above dependencies were confirmed in this study, and during

the research, the beneficial effect of fertilization technology based on sea algae extracts on the

total yield was shown, compared to the implementation preparation, this effect was statically

significant.

The effect of sea algae extracts on the yield and quality of the crop is related to the presence

of bioactive substances, including those of a hormonal nature, such as cytokinins, which are

responsible for cell division (Featonby-Smith and Van Staden 1983 a, b) [44, 45]. Nooden and

Leopold (1978) [52] report that in plants treated with marine algae extracts, a number of sub-

stances responsible for growth and development are shifted from the vegetative organs, i.e.

Fig 4. PCA analysis of blueberry fruit in relation to the parameters of the size and quality of the crop in 2020.

[component 1, 2].

https://doi.org/10.1371/journal.pone.0271383.g004
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roots, shoots and young growths, to the fruit and used for their development. In studies by

Featonby-Smith and van Staden (1983) [45] it was proved that the fruits of tomatoes from the

combination treated with preparations based on sea algae have a higher content of cytokinins

than tomatoes from the control treatment. The positive effect of the technology with biostimu-

lation, based on seaweed extracts, on the percentage of large fruits, i.e. those with a diameter of

more than 7,5 cm, and on the commercial yield in individual years of research, was demon-

strated by Kapłan et al. (2013) [53]. Apple trees of the ’Szampion’ variety were assessed. A simi-

lar effect of biostimulation was demonstrated in the studies conducted on the ’Golden

Delicious’ cultivar. Kapłan (2018) [54] showed in the above experiment the highest share of

apples above 7,5 cm in a treatment, where the trees were sprayed four times with the prepara-

tion with the Maxifruit phytohormone precursors and the gibberellin program. In addition,

the preparation with Maxifruit phytohormone precursors in treatment with the ’gibberellin’

program, similarly to the experiments from previous years, had a very positive effect on the

quality and shape of fruit, socket cavities, and the number and size of apple seeds of the

assessed apple variety.

The study did not show any significant influence of the applied fertilization programs on

the leaf surface of the highbush blueberry. In the studies, Kapłan et al. (2013) [53] found a

highly beneficial effect of biostimulants on the leaf surface area of apple trees of the ’Szampion’

cultivar in the second and third years of the study. According to Ferrini and Niceise (2002)

[55] the use of biostimulants in Quercus robur seedlings had a favorable impact on the surface

and dry mass of leaves but did not affect the fresh / dry leaf mass ratio.

The applied fertilization programs did not have a notable effect on the level of blueberry

fruit extract of the “Bluecrop” variety. Similarly, Kapłan et al. (2013) [53], after using the tech-

nology based on sea algae extracts in the cultivation of apple trees of the ’Szampion’ variety,

they did not show a considerable impact of the above-mentioned technology on the content of

the extract. A significant influence of the research year on the assessed quality parameter was

demonstrated, and in the first year blueberries had a much higher level of extract than in 2020.

The analysis of the blueberry fruit firmness level in this study showed that the assessed parame-

ter highly depended on the applied fertilization technology, the bushes treated with the biosti-

mulation technology (T4) had notably firmer berries than the control ones (T1). The study

year also showed a remarkable impact on the assessed fruit quality parameter, and in the first

year of the study blueberries were characterized by a strikingly higher level of extract than in

2020. An experiment carried out by Yvin and Dufils (2010) [56] showed that the use of Seactiv

technology in the form of three Fertileader Elite applications had no beneficial effect on apple

fruit firmness during the harvest of the Pink Lady1 Cripps Pink Cov. variety compared with

three times the use of calcium chloride. It was found that the fruits treated with Fertileader

Elite after three months of storage showed less loss of firmness than the controls. In the experi-

ment of Kapłan et al. (2013) [53], it was presented that the use of the technology with biostimu-

lation had a slight effect on the firmness of apple fruit of the ’Szampion’ variety. The fruit

treated with the above-mentioned technology were firmer than the control, but these differ-

ences were insignificant. On the basis of this work and published reports, the hypothesis that

sea algae extracts have a positive effect on vigor, growth and yielding of plants can be con-

firmed. This is not only due to a better plant nutrition, but also to a positive physiological reac-

tion to the applied bisotimulation. It is worth noticing that the effect obtained in this study

indicates the best parameters obtained in the T4 combination, where a full biostimulating pro-

gram was applied. In combinations where only single biostimulation complexes were used,

such spectacular increases were not observed, e.g. for the yield (T2, T3). This allows the con-

clusion that the various sea algae extracts work synergistically with each other.

PLOS ONE Innovative fertilization compared to traditional fertilization in the cultivation of highbush blueberry

PLOS ONE | https://doi.org/10.1371/journal.pone.0271383 July 20, 2022 12 / 15

https://doi.org/10.1371/journal.pone.0271383


Conclusion

Based on the conducted research, it was proved that the applied fertilization technologies had

a significant impact on the size and quality of the yield of “Bluecrop” highbush blueberry. Par-

ticularly noteworthy is the fertilization technology based on biostimulating products, which

has shown a beneficial, but not always considerable effect on the yield, fruit mass, degree of set-

ting and firmness of the berries. The applied fertilization technologies had no serious effect on

the leaf surface and the level of blueberry fruit extract. The performed statistical analysis

showed a major influence of the year of the research on the yield, extract level and fruit firm-

ness, in the case of other parameters, the above relationship was not observed.

Author Contributions

Conceptualization: Agnieszka Lenart, Dariusz Wrona.

Data curation: Agnieszka Lenart.

Formal analysis: Agnieszka Lenart, Tomasz Krupa.

Investigation: Agnieszka Lenart.

Methodology: Agnieszka Lenart, Magdalena Kapłan.

Project administration: Agnieszka Lenart.

Resources: Agnieszka Lenart.

Software: Agnieszka Lenart, Kamila Klimek.

Supervision: Agnieszka Lenart, Dariusz Wrona.

Validation: Agnieszka Lenart, Dariusz Wrona, Magdalena Kapłan.

Visualization: Agnieszka Lenart.

Writing – original draft: Agnieszka Lenart.

Writing – review & editing: Agnieszka Lenart.

References
1. Brazelton C., 2021. Aktualne dane o światowej produkcji borówki. Jaka będzie przyszło w czasach

covid -19? Nowoczesna uprawa borówki (strony 174–180). Kraków: Hortus Media Sp. z oo Krawków:

174–180

2. Rouphael Y., Colla G. Editorial: Biostimulants in Agriculture. Front Plant Sci. 2020; 11:40. Published

2020 Feb 4. https://doi.org/10.3389/fpls.2020.00040 PMID: 32117379

3. Colla G., Nardi S., Cardarelli M., Ertani A., Lucini L., Canaguier R., et al. 2015. Protein hydrolysates as

biostimulants in horticulture. Sci. Hortic. 196, 28–38

4. Battacharyya D., Babgohari M.Z., Rathor P., Prithiviraj B. (2015). Seaweed extracts as biostimulants in

horticulture. Sci. Hortic. 196, 39–48

5. Zodape S.T., Mukhopadhyay S., Eswaran K., Reddy M.P., Chikara J., (2010) Enhanced yield and nutri-

tional quality in green gram (Phaseolus radiata L.) treated with seaweed (Kappaphycus alvarezii)

extract. J Sci Ind Res 69:468–471

6. Durand N., Briand X., Meyer C., 2003. The effect of marine bioactive substances (N Pro) and exoge-

nous cytokinins on nitrate reductase activity in Arabidopsis thaliana. Physiol. Plant. 119, 489–493.

7. Stirk W.A., Novak M.S., Van Staden J., 2003. Cytokinins in macroalgae. Plant Growth Reg. 41,13–24.

8. Ordog V., Stirk W.A., Van Staden J., Novak O., Strand M., 2004. Endogenous cytokinins in the three

genera of microalgae from the Chlorophyta. J. Phycol 40, 88–95.

9. Khan W., Rayirath U.P., Subramanian S., Jithesh M.N., Rayorath P., Hodges D.M., et al. 2009. Sea-

weed extracts as biostimulants of plant growth and development. Plant Growth Reg. 28, 386–399.

PLOS ONE Innovative fertilization compared to traditional fertilization in the cultivation of highbush blueberry

PLOS ONE | https://doi.org/10.1371/journal.pone.0271383 July 20, 2022 13 / 15

https://doi.org/10.3389/fpls.2020.00040
http://www.ncbi.nlm.nih.gov/pubmed/32117379
https://doi.org/10.1371/journal.pone.0271383


10. Lenart A., Wrona D., 2021. Biostymulacja a intensyfikacja wydajności biologicznej roślin. Czynniki wpły-

wające na plonowanie i jakość owoców roślin sadowniczych, 29. Wydawnictwo SGGW. Warszawa:

59–66

11. Blunden G., Gordon S.M., 1986. Betaines and their sulphono analogues in marine algae. In: Progress

in phycological research, Round FE, Chapman DJ (eds), vol. 4. Biopress Ltd, Bristol, 39–80.

12. Metting B., Rayburn W.R., Reynaud P.A., 1988. Algae and agriculture. In: Algae and human affairs,

Lembi CA, Waaland (eds). Cambridge Univ. Press, Cambridge, UK, 335–370.

13. Temple W.D., Bomke AA, 1988. Effects of kelp (Macrocystis integrifolia) on soil chemical properties

and crop responses. Plant Soil 105, 213–222.

14. Yakhin O., Lubyanov A., Brown P., 2017. Biostimulants in Plant Science: A Global Perspective. www.

frontiersin.org. https://doi.org/10.3389/fpls.2016.02049 PMID: 28184225

15. 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

16. Brown P., and Saa S.(2015. Biostimulants in agriculture. Front. Plant Sci. 6:671. https://doi.org/10.

3389/fpls.2015.00671 PMID: 26379695

17. Marasco R., Rolli E., Ettoumi B., Vigani G., Mapelli F., Borin S., et al., 2012. A Drought resistance-pro-

moting microbiome is selected by root system under desert farming. PloS ONE 7:48479. https://doi.

org/10.1371/journal.pone.0048479 PMID: 23119032

18. Bakker M. G., Schlatter D. C., Otto-Hanson L., and Kinkel L. L., 2014. Diffuse symbioses: roles of plant-

plant, plant-microbe and microbe-microbe interactions in structuring the soil microbiome. Mol. Ecol. 23,

1571–1583. https://doi.org/10.1111/mec.12571 PMID: 24148029

19. Vandenkoornhuyse P., Quaiser A., Duhamel M., Le Van A., and Dufresne A., 2015. The importance of

the microbiome of the plant holobiont. New Phytol. 206, 1196–1206. https://doi.org/10.1111/nph.13312

PMID: 25655016

20. Pruszyński S. 2008. Biostimulators in plant protection. W: Gawrońska H. (red.), Biostimulators in Mod-

ern Agriculture, General Aspects. Wieś Jutra, Warszawa: 18–23

21. Moore K.K. 2004. Using seaweed compost to grow bedding plants. Bio Cycle 45: 43–44.

22. Mancuso S., Azzarello E., Mugnai S., Briand X. 2006. Marine bioactive substances (IPA extract)

improve foliar ion uptake and water stress tolerance in potted Vitis vinifera plants. ADV. Hort. Sci., 20

(2): 156–161.

23. Atzmon N., Van Staden J. 1994. The effect of seaweed concentrate on the growth of Pinus pinea seed-

lings. New For 8: 279–288.

24. Slavik M. 2005. Production of Norway spruce (Picea abies) seedlings on substrate mixes using growth

stimulants. J. For Sci. 51:15–23.

25. Calvo P., Nelson L., and Kloepper J. W. 2014. Agricultural uses of plant biostimulants. Plant Soil 383,

3–41. https://doi.org/10.1007/s11104-014-2131-8

26. Rose M. T., Patti A. F., Little K. R., Brown A. L., Jackson W. R., and Cavagnaro T. R. 2014. “A meta-

analysis and review of plant-growth response to humic substances: practical implications for agricul-

ture,” in Advances in Agronomy, Vol. 124, ed Sparks D. L. ( New York, NY: Academic Press), 37–89.

27. Saa S., Olivos-Del Rio A., Castro S., and Brown P. H. 2015. Foliar application of microbial and plant

based biostimulants increases growth and potassium uptake in almond (Prunus dulcis Mill. D. A.

Webb). Front. Plant Sci. 6:87. https://doi.org/10.3389/fpls.2015.00087 PMID: 25755660

28. Allen V.G., Pond K.R., Saker K.E., Fontenot J.P., Bagley C.P., Ivy R.L., et al. 2001. Tasco: influence of

a brown seaweed on antioxidants in forages and livestock—a review. J Anim Sci. 79: 21–31.

29. Cluzet S., Torregrosa C., Jacquet C., Lafitte C., Fournier J., Mercier L., et al. 2004. Gene expression

profiling and protection of Medicago truncatula against a fungal infection in response to an elicitor from

the green alga Ulva spp. Plant Cell Environ 27: 917–928.

30. Zhang X., Ervin E.H., 2004. Cytokinin–containing seaweed and humic acid extracts associated with

creeping bentgrass leaf cytokinins and drought resistance. Crop. Sci. 44: 1731–1745.

31. Joliet E., de Langlais-Jeannin I., Morot-Gaudry J.F., 1991. Les extraits d’algues marines: proprie´ te´ s

phytoactives et inte´reˆ t agronomique. Anne´e Biologique, Paris, France: 109–126.

32. Durand N., Briand X., Meyer C.H., 2003. The effect of marine bioactive substances (N Pro) and exoge-

nous cytokinins on nitrate reductase activity in Arabidopsis thaliana. Physiol. Plant. 119: 489–493.

33. Zhang X., Ervin E.H., 2008. Impact of seaweed extract-based cytokinins and zeatin riboside on creep-

ing bent grass heat tolerance. Crop Sci., 48: 364–370.

34. Frannkenberger W.T., Arshad M. 1995. Phytohormones In Soils. Marcel Dekker. New York (USA).

35. Salat A., 2004. Les Biostimulants. PHM. Revue Horticole 454: 22–24.

PLOS ONE Innovative fertilization compared to traditional fertilization in the cultivation of highbush blueberry

PLOS ONE | https://doi.org/10.1371/journal.pone.0271383 July 20, 2022 14 / 15

http://www.frontiersin.org
http://www.frontiersin.org
https://doi.org/10.3389/fpls.2016.02049
http://www.ncbi.nlm.nih.gov/pubmed/28184225
https://doi.org/10.1016/j.scienta.2015.09.021
https://doi.org/10.3389/fpls.2015.00671
https://doi.org/10.3389/fpls.2015.00671
http://www.ncbi.nlm.nih.gov/pubmed/26379695
https://doi.org/10.1371/journal.pone.0048479
https://doi.org/10.1371/journal.pone.0048479
http://www.ncbi.nlm.nih.gov/pubmed/23119032
https://doi.org/10.1111/mec.12571
http://www.ncbi.nlm.nih.gov/pubmed/24148029
https://doi.org/10.1111/nph.13312
http://www.ncbi.nlm.nih.gov/pubmed/25655016
https://doi.org/10.1007/s11104-014-2131-8
https://doi.org/10.3389/fpls.2015.00087
http://www.ncbi.nlm.nih.gov/pubmed/25755660
https://doi.org/10.1371/journal.pone.0271383


36. PN-EN 12147. Soki owocowe i warzywne—Oznaczanie kwasowości miareczkowej; Polish Committee

of Standardization: Warsaw, Poland, 2000.

37. Szpadzik E., Zaraś-Januszkiewicz E., Krupa T. (2021). Storage Quality Characteristic of Two Minikiwi

Fruit (Actinidia arguta (Siebold & Zucc.) Planch. ex Miq.) Cultivars: ‘Ananasnaya’ and ‘Bingo’—A New

One Selected in Poland. Agronomy 11(1), 134. https://doi.org/10.3390/agronomy11010134

38. PN-EN 12143. Soki owocowe i Warzywne—Oznaczanie Zawartości Substancji Rozpuszczalnych

Metoda Refraktometryczną,; Polish Committee of Standardization: Warsaw, Poland, 2000.

39. Jankowski K., Dubis B. 2008. Biostymulatory w polowej produkcji roślinnej, Materiały Konferencyjne

Biostymulatory w nowoczesnej uprawie roślin. SGGW, Warszawa 7–8 lutego 2008: 24

40. Basak A., Mikos-Bielak M., 2008. The use of some biostimulators on apple and pear trees. W: Sadowski

A. (red.), Biostimulators in Modern Agriculture, Fruit Crops. Wieś Jutra , Warszawa: 7–17

41. Ochmian I., Grajkowski J., Skupień K., 2008. Influence of three biostimulators on growth, yield and fruit

chemical composition of ’Polka’ raspberry. W: Sa-dowski A (red.), Biostimulators in Modern Agriculture,

Fruit Crops. Wieś Jutra, Warszawa: 68–75

42. Ohta K., Morishita S., Suda K., 2004. Effects of chitosan soil mixture treatment in the seedling stage on

the growth and flowering of several ornamental plants. Journal of the Japanese Society for Horticultural

Science 73: 66–68

43. Abetz P., Young C.L., 1983. The effect of seaweed extract sprays derived from Ascophyllum nodosum

on lettuce and cauliflower crops. Bot. Mar. 26, 487–492

44. Featonby-Smith B.C., Van Staden J., 1983a. The effect of seaweed concentrate on the growth of

tomato plants in nematode-infested soil. Sci. Hortic. 20, 137–146

45. Featonby-Smith B.C., Van Staden J., 1983b. The effect of seaweed concentrate and fertilizer on the

growth of Beta vulgaris. Z. Pflanzenphysiol. 112, 155–162

46. Arthur GD, Stirk W.A., Van Staden J., 2003. Effect of a seaweed concentrate on the growth and yield of

three varieties of Capsicum annuum. S. Afr. J. Bot. 69, 207–211

47. Van Staden J., Upfold J., Dewes F.E., 1994. Effect of seaweed concentrate on growth and development

of the marigold Tagetes patula. J. Appl. Phycol. 6, 427–428

48. Zodape S.T., Gupta A., Bhandari S.C., 2011 Foliar application of seaweed sap as biostimulant for

enhancement of yield and quality of tomato. J Sci Ind Res 67:215–219.

49. Norrie J., Keathley J.P., 2006. Benefits of Ascophyllum nodosum marine-plant extract applications to

’Thompson seedless’ grape production. Proceedings of the Xth International Symposium on Plant Bior-

egulators in Fruit Production, 2005. Acta Hortic. 727, 243–247

50. Crouch I.J., Van Staden J., 1992. Effect of seaweed concentrate on the establishment and yield of

greenhouse tomato plants. J Appl. Phycol. 4, 291–296

51. Aldworth S.J., Van Staden J., 1987. The effect of seaweed concentrate on seedling transplants. S. Afr.

J. Bot. 53, 187–189

52. Nooden L.D., Leopold A.C., 1978. Phytohormones and the endogenous regulation of senescence and

abscission. In: Phytohormones and related compounds: a comprehensive treatise letham, DS Goodwin

PB, Higgins (eds). Elsevier/ Holland, Amsterdam, 329–369

53. Kapłan M., Baryła P., Krawiec M., Kiczorowski P., 20213. Effect of N Pro Technology and seactiv com-

plex on growth, yield, quantity and quality of ’Szampion’ apple trees. Acta Sci. Pol., Hortorum Cultus 12

(6) 2013, 45–56

54. Kapłan M., 2018. VIII Targi Sadownictwa i Warzywnictwa TSW 2018, materiały konferencyjne, 10–11

stycznia 2018: 30

55. Ferrini F., Nicese F.P., 2002. Response of English oak (Quercus robur L.) trees to biostimulants appli-

cation in the urban environment. J. Arboricult. 28, 70–75

56. Yvin J.C., Dufils A., 2010. Incidences of Fertileader Elite® foliar spray applications on the improvement

of Fruits quality and their conservation. Trials realized on Pink Lady®Cripps Pink Cov. J. Hort. Forest.

Biotech. 14(3), 1–4.

PLOS ONE Innovative fertilization compared to traditional fertilization in the cultivation of highbush blueberry

PLOS ONE | https://doi.org/10.1371/journal.pone.0271383 July 20, 2022 15 / 15

https://doi.org/10.3390/agronomy11010134
https://doi.org/10.1371/journal.pone.0271383

