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Introduction
At worldwide level, the largest production of apricot 

(Prunus armeniaca L.) is supplied from the European and 
Mediterranean countries, representing more than 75% of 
the world production [1,2] Italy, where this species has 
an important potential due to its genetic resources and 
ecological conditions, ranks first in Europe in fresh and dried 
apricot fruit production [2]. Italian apricot production is 
approximately 243,486 tons, on an area of 18,917 ha, mostly 
located in the regions Campania, Emilia Romagna, Basilicata, 
and Puglia. The production in this latter region of southern 
Italy accounts for 15,330 tons on 1125 ha [3]. Apricot being 
an attractive fruit is appreciated by consumers all over the 
world and has gained great economic importance over the 
years. It is consumed in fresh, dried, and frozen forms or 
used for preparation of jams, jellies, pulp, juices, nectars, 
and extruded products [1]. Apricot has a beneficial effect on 
human health and constitutes a rich source of compounds 
including polyphenols, vitamins, natural antioxidant, and 
mineral elements [4,5]. Mineral ions are very important for 
the nutritional value of the fruits, the major ones being K, Ca, 
Mg and P. Many of them are co-factors of different enzymes 
and amounts of these elements must be in human diet to 
pursue a good health [6]. Yield of the apricot tree depends 
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Abstract
A two-year trial was conducted during 2016 and 2017 seasons in an apricot (Prunus armeniaca L.) commercial orchard 
located at Cerignola (Foggia province, Puglia region, Southern Italy, 41°15’49’’N; 15°53’59’’E; 126 a.s.l.). The effects of 
three plant biostimulants (Hendophyt®, Ergostim® and Radicon®, based on biopolymers of polysaccharides, carboxylic 
acids and humic-fulvic acids, respectively) compared with control treatment, were evaluated on: Flowering, fruit set, 
yield, total polyphenols content and antioxidant activity, fruits physical-chemical traits and minerals content of the 
cultivar Pricia. Foliar spray of biostimulants were applied at three phenological stages (calyx perceptible, fruit-set and fruit 
development) during each growth season. Data showed some specific effects of biostimulants on the quanti-qualitative 
attributes of fruits. Flowering, fruit-set percentages, and yields were mainly affected by the season, probably because the 
different chilling hours accumulation during the winter period. Significant interaction between years and biostimulants 
application were observed. No effect of biostimulant treatments on total polyphenols content and antioxidant activity of 
fruit were noted in both the years. With regards of the mineral content, only potassium significantly changed. 

Keywords
Organic fertilizers, Humic and fulvic acids, Polyglucosamine, Carboxylic acids, Flowering, Antioxidant activity 

Check for
updates

on a number of factors, such as density of flower buds and 
number of flowers, chilling requirement, bud drop, fruit 
size, precipitation amount and orchard management, winter 
and late spring freeze damages, this last especially for early 
bloom cultivars. In apricot flowering takes place in winter or 
early spring, when adverse meteorological conditions can 
influence the pollination process and subsequently fruit set 
in many areas [7]. Higher temperatures during the vegetative 
period and the lack of sufficient chilling pose problems under 
most conditions in the temperate regions [8]. The failure in 
bud development (anomalies), inadequate bud production 
and high flower bud drop, consequently, have a negative 
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large size, rounded-oblong shape, intensely orange skin with 
50% red blush, firm flesh, and good aromatic flavor. Apricot 
trees were planted 6 × 6 meter apart with rows North-South 
oriented, drip irrigated and received the ordinary cultural 
practices (pruning, fruit thinning, fertilization, pest, and 
disease protection) of the area. In particular, for fertilization 
schedules, the doses per year applied in the experimental field 
were 95, 56 and 100 kg ha-1 for N, P2O5 and K2O, respectively. 
Fruit thinning in 2016 was not accomplished because of the 
low flowering intensity. The soil in orchard is deep, loamy, 
slightly alkaline, non-calcareous [32]. Trees used in the 
experiment were selected to be healthy and as uniform as 
possible.

For each season, the three commercial ABs, Hendophyt® PS 
(Iko-Hydro), Ergostim® XL (Isagro) and Radicon® (Fertek) were 
compared with a control. In (Table 1) the composition and the 
dose of the ABs used in the trials are reported. The ABs were 
applied in both years by foliar spraying, three times during the 
growing season (at red ball, fruit-set, and fruit development 
stages). The experiment was laid out in a randomized block 
design, with three replicates per treatment. One buffer row 
was located between replicates and blocks and two or more 
buffer rows around the perimeter of the experimental field. 
Each replicate had 15 plants and three centrally located plants 
per plot were used to collect vegetative and reproductive 
parameters. During the two experimental years, from June 
to May, daily main climatic parameters (maximum, minimum 
and mean temperatures, total rainfall and total “Class A” Pan 
evaporation) were recorded at the nearest meteorological 
station, few kilometers from the experimental area and 
supplied by Consorzio per la Bonifica della Capitanata of 
Foggia.

Flower buds and fruits set monitoring
Percentage of fruit set was estimated in each tree on four 

branches randomly selected in the four cardinal directions of 
the three central plants. Flower buds on each branch were 
counted distinctly for the three types of bearing shoots: long 
twigs, short twigs, and spurs. Approximately 50-80 flower 
buds were counted and recorded at the pre-flowering stage 
on each of these selected branches. Thus, 200-320 flower 

influence on fruit production and yield as repeatedly reported 
in different cultivars and growing conditions [9]. Regular high 
fruit set and low fruit drop is desired for apricot growing. 

As other perennial fruit tree species, the apricot in 
addition to climatic factors is also frequently exposed 
to other abiotic stresses, as nutritional, drought, or soil 
salinity which limit yield and fruit quality [10]. It is generally 
accepted that the appropriate orchard management is 
crucial for optimizing fruit crop production. Modern fruit tree 
physiology is currently focused, among others, on developing 
researches using new and mostly natural fertilizer called 
‘plant biostimulants’ or ‘Agricultural Biostimulants’ (ABs), 
which are organic substances or microorganism applied to 
plants with the aim to enhance nutrition efficiency, abiotic 
stresses tolerance and/or crop quality traits, regardless 
of its nutrients content” [11]. The main categories of plant 
ABs include natural substances such as humic and fulvic 
acids, protein hydrolysates, compounds containing nitrogen, 
seaweed extracts, beneficial fungi, and bacteria [12-14]. They 
are applied to the soil and/or by foliar spraying. Taking into 
account the limitations of nutrients addition through soil, 
foliar sprays are an effective way to meet the plants nutrients 
requirements [15]. This fertilization method is more target-
oriented and environmental friendly since the nutrients are 
applied in controlled quantities [16]. Studies on the effect 
of ABs on the growth and yield potential of plants have 
been conducted mainly on several vegetable crops [17-21]. 
However, availability of this information is relatively limited 
for fruit crops, with reports on soil or foliar application of 
humic acids on growth, yield and fruit quality of peach and 
apple [22], table grape [23,24] and apricot [25,26]. Moreover, 
they have shown that foliar application of seaweed extracts 
leads to enhanced root development in grape [27,28] and 
strawberry [29].

Enhanced fruit tree growth and yield by biostimulants 
have been accompanied in some cases by improved nutrient 
uptake. For example, leaves-applied humic substances in 
apricot trees stimulated mineral level (N, P, K, and Mg [30]. 
In addition, leonardite extract enhanced K, B, Mg, Ca, and Fe 
accumulation in olive leaves [31]. Considering the very few 
researches carried on the use of ABs on apricot, this study 
deals with the results of the effects of three commercial 
ABs (Hendophyt®, Ergostim® and Radicon®) application on 
flowering, fruit set, yield and quanti-qualitative characteristics 
of fruits of ‘Pricia’, an emerging apricot cultivar.

Material and Methods
Experimental conditions and biostimulant 
treatments

The experimental trial was conducted in two consecutive 
seasons, 2016 and 2017, in a commercial orchard located in 
the countryside of Cerignola (Foggia province, Puglia region, 
Southern Italy), 4-years-old apricot trees of ‘Pricia’ cultivar 
(publisher: Europepinieres, worldwide distributor: Vivai F.lli 
Zanzi). Pricia is a very early ripening cultivar that ripens about 
35 days before cv San Castrese (reference cultivar for Italian 
apricot ripening calendar, last decade of June). The fruit has a 

Abs Treatments
HENDOPHYT PS (Iko-Hydro) it is a fully water-soluble powder, 
composed by biopolymers of polysaccharides (poliglucosammine) 
60%, containing carbon 35%, organic nitrogen 4% boron 0.25%; it 
was applied at the dose of 150 g 100 L-1 of water. 

ERGOSTIM XL (Isagro) it is a concentrated water-soluble liquid of 
N-acetiltiazolidin-4-carboxylic acid (AATC) 2.5%, and of triazolidine-
carboxylic acid (ATC) 2% it was applied at the dose of 200 ml 100 L-1 
of water.

RADICON (Fertek) it is a suspension-solution of humic and fulvic 
acids, obtained from compost of worm (night crawled), containing 
total organic matter: 4%, humified organic substance 90% of total 
organic matter; C/N ratio = 4; it was applied at dose of 500 g 100 
L-1 of water. 

Table 1: Formulations and doses of foliar application of Agricultural 
Biostimulant (ABs) commercial products used in the experiment.
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buds were counted on each tree. In each year the flower buds 
(on 14 February 2016 and 20 February 2017) and flowers (on 
24 February 2016 and 2 March 2017) of each tagged branch 
were counted and flowering rate was calculated as flowers to 
flower buds numbers ratio. Fruit set, expressed as percentage 
of fruit per total open flowers [33,34] was evaluated twice, 
such as at the end of flowering (14 March 2016 and 20 March 
2017, respectively) as initial fruit set and after physiological 
fruit drop (2 April 2016 and 10 April 2017) as final fruit set.

Fruits collection
In both years apricot fruits for each treatment were 

harvested, based on their skin ground color (i.e., fully colored), 
in one picking date at the commercial maturity stage (13 May 
and 15 May in 2016 and 2017, respectively). Yield per each 
tree was determined (kg/tree). The fruits were sorted to 
remove overripe and bruised fruits. Successively, samples of 
15 fruits for each replicate were randomly collected, placed 
into shallow wood crates, and stored at 4°C and immediately 
carried to the lab for the subsequent analyses.

Morphological and chemical characteristics of 
the fruits

The following morpho-pomological and phisico-chemical 
traits were measured on the fruits: weight (g), length (mm), 
width (mm), thickness (mm), color index of the epicarp (CIE 
coordinates, L*, a* and b*), weight of the stone (g), sugar 
content (°Brix), pH, titratable acidity (% malic ac.), maturity 
index (ratio sugar content/titratable acidity), total phenols 
(mg GA 100 g-1 fresh weight (fw)) and antioxidant capacity (mg 
TE 100 g-1 fw). All the above parameters were evaluated using 
the methods and instruments as previously fully described for 
apricot [35].

Mineral elements in fruits 
In order to determine dry matter, cations and anions, 

only for the 2017 harvest, samples of the pulp were dried 
to a constant weight in a forced-air oven at 65°C. The dry 
matter was expressed as %. The anions (nitrate, phosphate, 
and sulfate) and cations (sodium, potassium, magnesium, 
and calcium) content were determined by ion-exchange 
chromatography (mod. ICS-1100; Dionex Corporation, 
Sunnyvale, CA, USA). The anions were extracted from 0.5 
g of dried and ground samples, with 50 mL of 3.5 mmol L-1 
NaCO3 and 1.0 mmol L-1 Na2HCO3, and the extracts were 
analysed using a guard column and an analytical column 
(Thermo Fischer Scientific, MA, USA, mod. IonpacAG14 and 
AS14, respectively). The data were expressed as mg kg-1 fresh 
weight (fw). For the cations, 1.0 g dried and ground samples 
were used which were ash-reduced in a muffle furnace at 
550°C and then digested in 20 mL 1.0 mol L-1 HCl in boiling 
water (99.5 ± 0.5°C) for 30 min. The resulting solution was 
filtered, diluted, and analysed using a guard column and 
analytical column (Thermo Fischer Scientific, MA, USA, 
mod. Ionpac CG12A and CS12A, respectively). The data are 
expressed as mg kg-1 fw [36]. Results were evaluated with 
one-way ANOVA using JMP® software (SAS Institute Inc., Cary, 
NC, USA) and average values were compared with Tukey test. 
Standard deviations were calculated using Excel software of 

the Office 2007® suite (Microsoft Corporation, Redmond, WA, 
USA). Percentage values were transformed to arcsin, prior to 
analysis of variance.

Results and Discussion
Climate conditions

The experimental site is characterized by mild winters 
and annual average rainfall of about 450 mm. The climatic 
parameters recorded during the 2015-2016 and 2016-
2017 experimental seasons are reported in (Table 2). Major 
differences in terms of air temperature occurred between 
the two seasons, with the 2015-2016 winter relatively milder 
with respect to the 2016-2017 one. In particular, the average 
temperatures of December, January, and February of the 
first experimental season were higher of 1.2, 4.0 and 0.7°C 
than the corresponding months of the second season. The 
total seasonal rainfall and class “A” pan evaporation were 
quite similar between the two seasons while, as expected, 
more relevant differences among monthly values of the two 
seasons were recorded.

Fruit set and yield
Data of flowering, initial and final fruit set percentages, 

yield/tree resulted in significant differences between the 
two seasons (Table 3). In particular, flowering, initial and 
final fruit set percentages were significantly lower in 2016 
season (47.5, 4.6 and 2.6%, respectively) than in 2017 (90.4, 
41.5 and 14.4%, respectively). These different values may be 
explained by the high maximum and average temperatures 
occurred in December 2015, January, and February 2016, 
corresponding at the dormant pre-flowering period. In this 
regard, there could have been a negative effect on chilling 
units accumulated during winter (in the period starting from 
the fall of the leaves) that could explain the significantly 
lower flowering percentage in 2016 respect to 2017 season. 
The higher temperatures recorded in wintertime reduced 
the accumulation of chilling hours. Similar results have been 
obtained by the cultivar ‘Orange rubis’ in 2016 season at 
the same site [35]. Moreover, previous studies reported a 
significant negative effect in apricot of increased pre-flowering 
and flowering temperature on flower quality and fruit setting 
potential [37]. In 2016 season, when both lower flowering 
and fruit set percentage occurred, as previously mentioned, 
the fruit thinning was not applied but, nevertheless, very 
poor fruit yield was recorded (Table 3). Our data are in 
accordance with those of Alburquerque, et al. (2004) [38] 
who reported that when flower bud number was low, yield 
was proportionally low. 

Considering the effect of ABs treatments on fruit-set some 
differences were observed in both years. In 2017 significant 
higher initial fruit set percentages (measured before thinning) 
were obtained using Ergostim® (45.0%), and Radicon® (47.0%) 
compared to Hendophyt® (39.0%), which was statistically 
similar to the control treatment (35.0%). But when considering 
the final fruit set percentage, non-significant differences 
among treatments were observed. On the contrary, in 2016 
significant differences among treatments were reported 
at the beginning of fruit set, with higher values in Radicon® 
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Month T max
(°C)

T min
(°C)

T mean
(°C)

Rainfall
(mm)

Class “A” pan 
evaporation (mm)

2015/16 2016/17 2015/16 2016/17 2015/16 2016/17 2015/16 2016/17 2015/16 2016/17
June 31.3 31.8 15.5 15.7 23.4 23.6 60.4 29.2 154.3 148.2
July 37.7 36.2 18.6 18.2 28.4 26.9 1.2 19.0 198.8 176.7
August 35.6 33.6 18.6 17.8 27.1 25.7 3.8 33.6 150.0 148.9
September 30.9 28.1 15.7 14.7 23.3 21.4 34.0 87.8 108.8 80.2
October 23.0 23.2 11.9 11.2 17.4 17.2 12.0 52.4 44.3 44.3
November 17.5 19.1 5.6 9.0 11.6 13.0 29.6 63.6 31.3 27.2
December 16.1 14.9 3.1 1.9 9.6 8.4 5.8 9.0 17.0 16.5
January 14.4 8.9 3.9 1.3 9.1 5.1 32.4 79.8 34.4 15.5
February 17.6 15.7 6.5 5.7 12.0 10.7 39.4 47.8 50.0 30.5
March 16.2 19.0 5.7 6.9 11,0 12.9 104.0 16.2 50.1 71.1
April 24.1 27.5 9.7 3.6 16.9 15.5 42.0 24.8 94.1 107.1
May 25.9 31.6 11.2 9.1 18.5 20.3 61.6 72.2 123.5 150.4
Mean 24.2 24.1 10.5 9.9 17.4 16.7
Total 426.1 535.4 1056.6 1016.6

Table 2: Average monthly maximum, minimum and mean temperatures, total rainfall, and evaporation (Class “A” pan) from June to May of 
the two seasons in the experimental site.

Treatment Flowering
(%)

Initial fruit set
(%)

Final fruit set
(%)

Yield per tree
(kg per tree)

2016 2017 2016 2017 2016 2017 2016 2017
Control 45.9 ± 6.1 91.1 ± 9.0 3.0 ± 1.2b 35.0 ± 5.0b 1.3 ± 0.4c 13.9 ± 0.9 10.3 ± 1.4b 45.2 ± 2.3
Hendophyt® 47.0 ± 5.1 90.2 ± 8.1 4.3 ± 1.3ab   39.0 ± 4.8ab 3.6 ± 0.3a 14.0 ± 0.8 13.4 ± 1.0a 46.3 ± 2.5
Ergostim® 47.0 ± 5.0 89.2 ± 6.9 5.0 ± 0.9a 45.0 ± 4.1a 3.0 ± 0.3a 15.0 ± 0.7 13.1 ± 1.1a 48.2 ± 2.7
Radicon® 50.0 ± 5.9 91.2 ± 7.2 6.0 ± 1.0a 47.0 ± 1.4a 2.3 ± 0.3b 15.5 ± 0.7 12.4 ± 1.2ab 44.2 ± 2.9
Mean 47.5 ± 5.5B 90.4 ± 7.8A 4.6 ± 1.1B 41.5 ± 3.8A 2.6 ± 0.3B 14.4 ± 0.8A 12.0 ± 1.1B 46.5 ± 2.6A

Table 3: Effect of biostimulant treatments on blossoming, initial and final fruit set percentage, and yield of ‘Pricia’ apricot cultivar trees in 
2016 and 2017 seasons.

Means ± Std. dev. within a column followed by different lowercase letter is significantly different (P < 0.05). Also, different capital letters indicate 
significant difference (P < 0.05) between year averages. Columns without letters means there were no significant differences between means.

Parameters Treatments
Control Hendophyt® Ergostim® Radicon® Mean

Dry matter (%) 13.5 ± 0.5 13.0 ± 0.6 12.7 ± 0.4 13.7 ± 0.7 13.2 ± 0.5
Potassium (mg kg-1) 4059.8 ± 91.0 b 4264.5 ± 98.8 a 3366.6 ± 80.1 b 3817.0 ± 85.0 b 4001.9 ± 88.7
Calcium (mg kg-1) 299.7 ± 7.1 291.8 ± 5.3 325.9 ± 4.8 231.9 ± 5.1 289.1 ± 5.6
Magnesium (mg kg-1) 235.8 ± 16.1 193.8 ± 12.1 216.9 ± 15.0 199.1 ± 11.0 211.4 ± 13.5
Nitrates (mg kg-1) 211.3 ± 9.6 191.4 ± 18.1 236.9 ± 22.2 110.3 ± 37.3 187.5 ± 21.8
Total nitrogen (mg kg-1) 119.0 ± 8.1 125.2 ± 2.1 127.5 ± 5.0 127.5 ± 5.0 124.8 ± 5.0
Sodium (mg kg-1) 19.6 ± 2.8 22.8 ± 1.3 22.4 ± 3.0 19.5 ± 3.4 21.1 ± 2.4
Phosphorus (mg kg-1) 174.5 ± 1.3 189.7 ± 8.0 189.0 ± 4.0 179.3 ± 6.4 183.1 ± 4.9
Sulfur (mg kg-1) 17.1 ± 2.0 15.1 ± 2.3 14.2 ± 1.0 17.3 ± 1.0 15.9 ± 1.8

Table 4: Effect of biostimulants on dry matter, nitrogen, anion, and cation content (mg kg-1 fresh weight) of ‘Pricia’ apricot cultivar evaluated 
in 2017.

(6.0%) and Ergostim® (5.0%) with respect to control (3.0%). 
Final fruit set percentages resulted significantly higher for 
Hendophyt® (3.6%) and Ergostim® (3.0%) followed by Radicon® 
(2.3%) and finally by the control (1.3%).

Total fruit yield per tree was significantly higher in 2017 
with an average of 46.5 kg per tree vs. 12.0 kg per tree in 
2016. Differences among treatments were observed in 2016, 
when the fruit yield of Hendophyt® (13.4 kg per tree) and 
Ergostim® (13.1 kg per tree) were significantly higher than 
Radicon® (12.4 Kg per tree) and the control treatment showed 
the lowest value (10.3 kg per tree). In 2017, the Ergostim® 

treatment showed the highest yield (48.2 kg per tree) with 
respect to the other treatments.

Fruit quality attributes 
(Figure 1 and Figure 2) show the results of the pomological, 

chemical and nutraceutical parameters determined on the 
fruits by the effect of treatments in 2016 and 2017. Average 
annual values of each parameter were also showed. (Figure 
1) shows the effect of treatments on pomological parameters 
(fruit and stone weight, length, width, thickness, firmness, 
and skin color) recorded in both seasons. The fruit weight 
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Figure 1: Effect of biostimulants application on (a) fruit weight; (b) Stone weight; (c) Fruit length; (d) Fruit width; (e) Fruit thickness; (f) 
Firmness; (g) L*, bright to dark; (h) a*, green to red; (i) b*, blue to yellow of ‘Pricia’ apricot cultivar. Average values ± std. dev. of 2016 and 
2017 years and the relative average of two years are showed (Different lowercase letters per year, and different capital letters between 
year averages, both indicate significant differences at P < 0.05). Graph without letters means there were no significant differences 
between means.
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Figure 2: Effect of biostimulants application on (a) pH; (b) SCC; (c) TA; (d) SCC/TA; (e) Phenolic content; (f) Antioxidant capacity of ‘Pricia’ 
apricot cultivar. Average value ± std. dev. of 2016 and 2017 years and the relative average of two years are showed (Different lowercase 
letters per year, and different capital letters between year averages, both indicate significant differences at P < 0.05). Graphs without 
letters means there were no significant differences between means.

(Figure 1A), stone weight (Figure 1B), fruit length (Figure 1C) 
and fruit width (Figure 1D) were not significantly different 
between years and among treatments, although the values 
tended to be higher in 2016 compared to 2017. The basically 
higher average values were obtained when the yield per tree 
was significantly lower (Table 3). In 2016, only fruit weight in 
Ergostim®, tended to be higher than other treatments. Also, 
for fruit thickness (Figure 1E), no differences among years and 
treatments were reported, although values were basically 
higher in the 2016 than 2017 and in all ABs treatments than 
the control. Only in 2016 thickness in Radicon® tended to be 
higher than other treatments. The fruit firmness (Figure 1F) 
was significantly higher in 2017 (average of 3.80 kg) than in 
2016 (average of 1.62 kg). In both years no differences among 
treatments were observed. 

The average value of fruit firmness in 2017 is to be 
considered slightly higher with respect to the standard 
values suitable for ready-to-eat fruit reported by Scandella, 
et al. (1998) [39], who reported values between 1 and 3 kg 
cm-2 as more suitable for fresh consumption and processing. 
Regarding the fruit skin color, L* (lightness) (Figure 1G), 
a*(redness) (Figure 1H) and b* (yellowness) (Figure 1I) no 
statistical differences between years and among treatments 
were found. In any case the red over color, in all the 
treatments, was basically more pronounced in 2017 than 
in 2016, whereas in 2017 season it tended to be higher in 
Hendophyt® than other treatments. The chemical attributes 
of the fruits evaluated in both years are presented in Figure 2. 
Non-significant differences were observed for the pH (Figure 
2A), with values ranging between 2.52 and 2.79. These values 
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are slightly lowers than those of several genotypes reported 
in the literature [40,41]. Fruit SSC values (Figure 2B), being 
one of the most appreciable quality characteristics influencing 
notably the fruit taste and palatability, ranged between 10.20 
and 11.30°Brix, with non-significant differences between 
years and among treatments. With regards of TA (Figure 2C), 
statistical difference between years were observed, with 
higher value in 2017 (average of 2.25%) than in 2016 (average 
of 1.96%). No differences among treatments were noted for 
each year. SSC and TA are hugely affected by fruit maturity 
stage to the point that, in practice, the ratio between these 
two parameters represents the main maturity index for most 
of edible fruits and is highly related with their sensorial quality. 
The SCC/TA ratio (Figure 2D) showed significant differences 
between 2016 (average of 5.20) and 2017 (average of 4.62). No 
differences among treatments were noted within each year.

With regard of phenolic content of fruits (Figure 2E), 
significant differences between seasons were obtained with 
a lower value in 2016 (average of 29.0 mg GA 100 g-1) than 
in 2017 (average of 32.3 mg GA 100 g-1). The higher value in 
2017 could be due to the warm and dry climatic conditions 
occurring at the final stage of fruit growth in 2017, according to 
results found by other authors [42]. However, no differences 
were observed within each year among the treatments. As 
for the lower phenolic content observed in the first season 
compared with the second one, the total antioxidant capacity 
(Figure 2F) had a significantly lower value in 2016 (average 
51.6 mg TE 100 g-1) compared to 2017 (average of 57.1 mg TE 
100 g-1). The effect of the year on the antioxidant properties 
of fruit could be related to particular climatic conditions 
during fruit development stages (high temperatures and low 
rainfall, see the period march-may in (Table 2)).

Dry matter and minerals content
(Table 4) shows the mean values, standard deviations, and 

significance of the analyzed fresh fruit samples at harvest, 
for dry matter and concentration on fresh weight basis (mg 
kg-1 fw) of cations (Na, K, Mg and Ca) and anions (NO3, P and 
S) in 2017. Dry matter content averaged 13.2%, with values 
ranging from 12.7% to 13.7% and resulted not significantly 
different among treatments. Our data showed that apricot 
fruit of ‘Pricia’ cultivar contain significant amount of K, which 
is followed in the order by Ca, Mg, NO3, Na, P, S and N. K 
is an element usually present in large amount in vegetables 
and fruits, but apricot fruits were found to be particularly 
rich in K. It contributes to the regulation of water movement 
within the plant providing an electrical balance for anions 
in the vacuole of leaf cells and maintaining turgidity of 
cells. K appears to have a deep influence on fruit quality in 
particular on size, appearance, colour, soluble solids, acidity 
and vitamin content [43] In our study, K concentration was on 
average 4006.9 mg kg-1 with the highest value in Hendophyt® 
(4264.5 mg kg-1), significantly different with respect to values 
of other treatments which ranged from 3866.6 to 4059.8 mg 
kg-1. These K contents are similar to the data reported in the 
literature for different cultivars [44,45].

Ca is essential for structure and function of cell walls 
and membranes. It plays an important role in maintaining 

quality of fruits and in delaying senescence and controlling 
physiological disorder in fruits [46], influencing positively their 
shelf life. The mean Ca concentration of apricot samples was 
found 289.1 mg kg-1, with values ranging between 231.9 and 
325.9 mg kg-1, with no differences among treatments. These 
Ca concentrations are close to the data of the investigations on 
different cultivars reported by Gergely, et al. (2014) [45], but are 
lower than those found by Haciseferogullarj, et al. (2007) [47]. 

Mg is the essential constituent of chlorophyll, thus 
contributes to carbohydrate production in leaves throw 
photosynthesis. The effect of Mg on ‘good eat quality’ is not 
well known except a negative impact of fruit firmness [48]. 
The Mg concentration in our study, similarly to Ca, was not 
significantly different among treatments, with values ranging 
between 193.8 and 235.8 and an average of 211.0 mg kg-1. 
Our values resulted lower than those (402.8 - 765.6 mg kg-

1) reported by Haciseferogullari, et al. (2007) [47], but much 
higher than those (23.3 - 64.3 mg kg-1) reported by Wani, et 
al. (2015) [44]. Such huge differences could be related to 
many factors including different pedoclimatic environments, 
genotypes, and growing techniques. 

Nitrate (NO3) is found naturally in foods and its content 
depends on a number of factors including species, cultivars, 
light, temperature, method of growth, fertilizers use and 
storage. NO3 content of apricots in our study tends to lower 
values in Radicon® (110.3 mg kg-1) and Hendophyt® (191.4 mg 
kg-1) with respect to control (211.3 mg kg-1) and Ergostim® 
(236.9 mg kg-1) treatments. These NO3 levels are quite 
consistent with those reported by Dogan, et al. (2008) [49]. 
who obtained values of this anion in the range 83.9 - 102.3 
mg kg-1. Moreover, according to the NO3 contents classification, 
the apricot, like other fruits, are low nitrate containing foods (< 
200 mg kg-1) [50], differently from certain vegetables, where NO3 
is found naturally in high concentrations which are undesired 
because of their unfavorable effect on human health [51]. 

The Na concentration in apricots is generally low, which 
is recommended to reduce blood pressure and prevent heart 
disease [52]. The Na content ranged from 19.6 to 22.8 mg kg-1, 
and values were not significantly different among treatments. 
These values are similar to those obtained in other studies on 
different cultivars [44].

P concentration in apricots, when compared to other 
fruits, is generally higher, thus apricots are considered useful 
for their laxative, diuretic, and purifying properties. In the 
present study, P concentrations ranged between 174.5 and 
189.7 mg kg-1 without differences among treatments. These 
P concentrations were in agreement with Ali, et al. (2015) 
[53] but were slightly lower of those reported by Mayer 
(1997) [54], and by Gergely (2014) [45] for different cultivars. 
S content of apricot samples ranged from 14.2 and 17.3 
mg kg-1, averaging 16.0 mg kg-1, without differences among 
treatments.

Conclusions 
The analysis carried out over two consecutive harvesting 

seasons on ‘Pricia’ apricot cultivar allowed establishing that 
apricot fruit set, yield and quality showed a high variability 
between the two years in relation to the climatic conditions 
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and some differences among the biostimulant treatments 
were also observed. The relative mild environmental 
conditions of the winter prior the 2016 growing season 
negatively affected flowering, fruit set percentage and total 
yield per tree. Differences between the two years were also 
observed with regards of quality parameters. 

With regards of the biostimulants, only Ergostim positively 
affected the yield in both seasons.

Only slight or not significant differences were noted for 
the other parameters determined. 

Concerning biostimulant treatments, in 2016 positive 
effects were found for Hendophyt® and Ergostim® on 
crop yield, final fruit set, as well as, in this year, Radicon® 
contributed to increase tendentially fruit thickness. The 
total polyphenols content and antioxidant capacity, which 
in the fruits of the cv ‘Pricia’ were at high level, showed no 
difference between biostimulant treatments in both the 
years. Almost any difference was noted in mineral contents 
of fruits of compared treatments. Only Hendophyt® resulted 
to increase K content respect to other treatments. 

In conclusion, the study suggested that biostimulants can 
play a role especially in protecting the apricot orchards in order 
to reduce adverse effects of fluctuations on climatic variable. 
Finally, the ability of plant biostimulants to attenuate abiotic 
and biotic stresses over the years should be also investigated 
on other apricot cultivars.
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