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Abstract—Nowadays, the main goal for modern horticultural 

production is an increase the quality. In recent years, the use of 
organic fertilizers or biostimulants that can be applied in agriculture 
to improve quali-quantitative crop yields has encountered increasing 
interest. Biostimulants are gaining importance also for their possible 
use in organic and sustainable agriculture, to avoid excessive 
fertilizer applications. Consecutive experimental trials were carried 
out in the Apulia region (southern Italy) on three herbaceous crops 
(cauliflower, pepper, fennel) grown in pots under conventional and 
organic fertilization systems without and with biostimulants. The aim 
was to determine the effects of three biostimulants (Siapton®10L, 
Micotech L, Lysodin Alga-Fert) on quali-quantitative yield 
characteristics. At harvest, the quali-quantitative yield characteristics 
of each crop were determined. All of the experimental data were 
subjected to analysis of variance (ANOVA), and when significant 
effects were detected, the means were compared using Tukey’s tests. 
These data show large differences in these yield characteristics 
between conventional and organic crops, particularly highlighting 
higher yields for the conventional crops, while variable results were 
generally observed when the biostimulants were applied. In this 
context, there were no effects of the biostimulants on the quantitative 
yield, whereas there were low positive effects on the qualitative 
characteristics, as related to higher dry matter content of cauliflower, 
and higher soluble solids content of pepper. Moreover, there were 
evident positive effects of the biostimulants with fennel, due to the 
lower nitrate content. These latter data are in line with most of the 
published literature obtained for other herbaceous crops. 
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I. INTRODUCTION 

N Italy, due to the characteristics of the geographical 
position and the climatic conditions, the cultivation of a 

large number of vegetable species throughout the entire year is 
widely diffuse. In some regions, such as Apulia (southern 
Italy), the horticultural sector has a very large income and 
supports a considerable number of employees. The most 
important of the vegetable crops grown in this region include 
cauliflower, pepper and fennel.  

Nowadays, the main goal for modern horticultural 
production is an increase in quality. Furthermore, in 
consideration of the new demands of consumers, who are 
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always more attracted by a diet based on greater consumption 
of fruit and vegetables without the risk of pesticide residues 
and with increased nutritional value, new important features in 
addition to the traditional quality attributes are now requested. 
For the agronomic practices, new opportunities are offered by 
sustainable management of the production factors that can be 
used to improve the plant–environment interactions, as well as 
to address the reduction in input needed for production, and 
finally, to induce specific stress conditions that promote higher 
quality at reduced input. 

In recent years, many efforts have been put into developing 
new fertilizers and fertilization systems, and also for organic 
farming with lower fertilizer inputs. This aims to increase the 
nutrient uptake, growth and development of the plants, and to 
improve the quality, productivity and environmental impact. 
For such purposes, biostimulant products have appeared on the 
market. These are products derived from vegetable extracts, or 
seaweed, fungi, bacteria or animal hydrolysates, which consist 
of oligosaccharides, vitamins, humic substances (e.g., 
mixtures of humic and fulvic acids), microelements, and 
protein hydrolysates [1]. The use of biostimulants to promote 
plant growth has been widely studied. The soluble organic 
molecules contained in the biostimulants appear to have direct 
effects on some metabolic processes of plants, due to their 
particular molecular structures [2]-[8]. Isolation of the 
substances that are found in biostimulants is not easy, and the 
result of their application might be due to synergistic effects of 
these different components.  

In most cases, the mechanisms behind the physiological and 
biochemical effects of biostimulants are still unknown. Indeed, 
the heterogeneous nature of the raw materials and substances 
that are used for biostimulant production does not allow an 
understanding of their mechanisms of action, or to individuate 
with certainty the components, or the main component, that 
are responsible for the biostimulant activity [9]. 

Biostimulants are usually applied to plants by sprinkling a 
solution on the leaves or by fertilization in addition to standard 
fertilization treatments. These are not used to provide 
nutrition, but rather to encourage and stimulate the plant 
metabolism processes, to improve nutrient use efficiency, or 
product yield and quality, and to reduce the impact on the 
environment [10]-[13].  

It has been reported that biostimulant molecules can induce 
yield increases through direct actions on the plant physiology 
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and nutrition processes, even when applied in a purified form 
[14]-[17]. For example, humic acids derived from various 
composts can stimulate vegetative growth of chicory [18], 
increase root growth of pepper [19], and increase biomass of 
cucumber and tomato [20]. 

The application of biostimulants to leaf vegetables can 
increase the chlorophyll content, and consequently the color 
and visual appearance of edible leaves, thus enhancing the 
attractiveness for consumers [21]. Apart from the positive 
effects of biostimulants on plants, there have also been cases 
in which their application had no effects on the yields of 
tomato, wheat and lettuce, but produced higher mean weights 
and dry matter content of tomato fruit, as well as lower nitrate 
content and higher dry matter content in lettuce, than seen for 
the control [22].  

The purpose of the present study was to investigate the 
effects of some biostimulant products that are available on the 
market, in terms of the qualitative and quantitative yield 
characteristics of cauliflower, pepper and fennel crops. 

II.  MATERIALS AND METHODS 

Three experiments were carried out over 3 years, from 2011 
to 2013, at the Department of Agriculture, University of 
Foggia (southern Italy; 41°27’27”N; 15°31’56”E; 75 m a.s.l.). 
Cauliflower (cv. ‘Casper’), pepper (cv. ‘Akron’) and fennel 
(cv. ‘Tarquinia’) were investigated, grown consecutively in 
cylinder pots (height, 29 cm; Ø, 35 cm), with the testing of 
three biostimulant products: Siapton® 10L, Micotech L, and 
Lysodon Alga-Fert. These biostimulants are available on the 
open market, and the use of all of them is also allowed in 
organic farming. The soil in the experimental pots was 
collected from a conventional farming field, and its principal 
characteristics are given in Table I. The characteristics of the 
biostimulants used are given in Table II. 

For each crop, four treatments were compared: conventional 
fertilization, conventional fertilization plus biostimulant, 
organic fertilization, and organic fertilization plus 
biostimulant. 

Different biostimulant formulae were applied to the crops 
considered. They were all applied to the plants by foliar 
application (foliare distribution or ‘fertigation’), at different 
times, and at the label doses. The fertilizers and the 
biostimulants used for each treatment are reported in Table III. 

The cauliflower, pepper and fennel crops were transplanted 

(one plant per pot) on September 28, 2011, May 31, 2012, and 
October 17, 2012, respectively. Each crop was harvested on 
March 19, 2012, August 7, 2012, and February 15, 2013, 
respectively. For each crop, the plots were arranged in a 
randomized block design, with five replicates for each of the 
four treatments. 

The water irrigation times and volumes per pot were 
according to the soil water balance approach. Therefore, the 
gravimetric soil moisture was measured weekly by weighing 
each pot, to evaluate the soil water depletion. The amount of 
water supplied by the irrigation re-established the soil water 
content to field capacity. 

The inorganic fertilizers used in the course of the trials were 
ammonium nitrate (26%-27% nitrogen), ammonium 
phosphate (20%-21% P2O5) and ammonium sulfate (47% 
K2O). The organic fertilizers used were Prodigy 4 (7% organic 
nitrogen, 6% P2O5, 1% K2O, 25% organic carbon, 45%-55% 
organic matter) and chicken manure (4% nitrogen, 4% P2O5, 
4% K2O, 41% organic carbon, 71% organic matter). 

At harvest, the quali-quantitative yield parameters 
determined for each crop were predefined. For the cauliflower, 
these were total leaf surface; weight, diameter, compactness 
index and dry matter of corymbs, and nitrate content of 
corymbs, and stems. For the pepper, these were plant height 
and weight, and fruit yield and soluble solids content. For the 
fennel, these were plant height and weight, leaf number, total 
weight, and dry matter, and nitrate content of the marketable 
yield. 

The data collected in each experimental trial were analysed 
statistically using analysis of variance (ANOVA), and when 
significant differences were detected, the mean values were 
compared using Tukey’s tests. 

 
TABLE I 

CHARACTERISTICS OF SOIL  
Sand [2.0> Ø < 0.02 mm] 36.1% 

Loam [0.02 > Ø < 0.002 mm] 39.2% 

Clay [Ø < 0.002 mm] 24.7% 

Typology (USDA) Medium texured 

Organic matter (Walkley-Black) 1.30% 

pH (in H2O) 8.14 

Electrical conductivity (water-satured extract; ECe) 1.19 d S cm-1 

Sodio adsorption rate (SAR) 3.51 

Total nitrogen (Kjeldhal) 0.81‰ 

Available P2O5 (Olsen) 85.6 mg kg-1 

Exchangeable K2O (Shollemberger) 1430 mg kg-1 

 
TABLE II 

CHARACTERISTICS OF USED BIOSTIMULANTS  
Product Particulars Chemical composition 

Siapton® 10L Amino acids and peptides obtained by 
chemical hydrolysis from animal 
epithelium. 
Raw materials: connective tissue, 
fleshings, shavings

Water-soluble organic nitrogen (N) 8.7%  
Organic carbon (C) 25% 
C/N ratio 2.9 

Micotech L Nitrogen organic fertilizer inoculated 
with micorrhizal fungi 

Micorrhizal fungi 10% 
Bacteria of rizosphere 2×104 CFU/g 
Trichomycetes 1×10 CFU/g 

Lysodin Alga-Fert Alginate liquid fertilizer made of 
extracts of seaweed with ammonium 
and nitrogen 

Organic nitrogen (N) 7% 
Organic carbon (C) 21% 
Extract of Ascophyllus nodosum 5%  
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TABLE III 
 FERTILIZERS AND BIOSTIMULANTS USED IN CONVENTIONAL AND ORGANIC TREATMENTS 

Treatment At transplant During the crop cycle 

N P2O5 K2O Chicken manure Prodigy 4 N Siapon Micotech L Lysodin Alga-Fert

(kg ha-1)  (kg ha-1)  (kg ha-1)  (kg ha-1) (kg ha-1) (kg ha-1) (ml hl-1)  (kg ha-1)  (kg ha-1) (g hl-1) 

Cauliflower (cv. ‘Casper’) 

Conventional 60 110 110 - - 70 - - - - 

Conventional + Biostimulant 60 110 110 - - 70 6× 200a 6× 6b - - 

Organic - - - 1500 800 - - - - - 

Organic + Biostimulant - - - 1500 - - 6× 250a 6× 6b - - 

Pepper (cv. ‘Akron’) 

Conventional 50 150 200 - - 150 - - - - 

Conventional + Biostimulant 50 100 200 - - 150 - - 6× 4b - 

Organic - - - 1000 -- - - - - - 

Organic + Biostimulant - - - 1000 - - - - 6× 4a - 

Fennel (cv. ‘Tarquinia’) 

Conventional 42 65 145 - - 83 - - - - 

Conventional + Biostimulant 42 65 145 - - 83 - - - 7× 250a 

Organic - - - - 800 - - - - - 

Organic + Biostimulant - - - - 800 - - - - 7× 250a 

a, by foliar distribution 
b, by fertigation 

 
III. RESULTS AND DISCUSSION 

The yield characteristics of the cauliflower, pepper and 
fennel crops under the conventional and organic fertilization 
systems without and with biostimulants are reported in Tables 
IV, V and VI respectively. 

For the cauliflower crops, there were several effects seen 
(Table IV). The total leaf area of the plants was significantly 
changed only according to the two fertilization systems, as 
significantly greater under the conventional system than under 
the organic system, both without and with biostimulants. 
Although not reaching significance, within each cultivation 
system, the total leaf area tended to be greater with the 
biostimulants than without. For the mean weights of the 
marketable corymbs, these were significantly greater under the 
conventional fertilization system, both without and with 
biostimulants, than under the organic system. There were 
significant increases with the biostimulants for the mean 
corymb diameters under the conventional treatment and for 
the mean compactness index under the organic system. The 
dry matter contents of the inflorescences and stems were 
generally significantly greater under the organic system than 
the conventional, regardless of biostimulants. In contrast, the 
nitrate content of corymb heads and stems were significantly 
greater under the conventional system than the organic, but 
again regardless of biostimulants.  

With respect to the pepper crops (Table V), the heights of 
the plants showed no significant differences. The marketable 
yields and numbers of fruit were generally significantly 
greater under the conventional system than the organic, with 
no effects of the biostimulants. However, the fruit weights and 
soluble solid contents were generally significantly increased 
by the biostimulants under both fertilization systems. These 
biostimulants effects are considered positive for the qualitative 
characteristics of the pepper fruit. 

For the fennel crops (Table VI), all of the plant and yield 
quali-quantitative–related parameters were significantly 
greater under the conventional fertilization system than the 
organic system, without and with biostimulants in both cases. 
Moreover, it is worth noting that although the biostimulant 
had no significant effects on the nitrate content of the fennel 
bulbs, its addition did show a tendency for lower nitrates 
under both fertilization systems. This is particularly positive, 
as nitrates and nitrites accumulation in plant tissues can 
constitute a danger for human health, and can lead to different 
health disturbances. Indeed, an epidemiological study has 
shown a positive correlation between the intake of nitrates and 
nitrites and gastric cancer in humans. This lower nitrate 
content in the fennel with the biostimulant is in agreement 
with a previous study that highlighted that the use of a 
biostimulant that contained an extract derived from a brown 
alga (seaweed) reduced the nitrate content in the leaves of 
lettuce and rocket [23]. The biostimulant Lysodin Alga-Fert 
appears to affect nitrogen metabolism by speeding up the 
incorporation of nitrate in the plant, through the activation of 
the related enzymes [24].  
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TABLE IV 
PLANT AND MARKETABLE YIELD CHARACTERISTICS OF CAULIFLOWER (CV. ‘CASPER’)  

Treatment Total 
plant  

leaf area 
(cm2) 

Corymb 

Weight 
(g) 

Diameter 
(cm) 

Compactnes
s indexa  

Head dry 
matter  

(%) 

Stem dry 
matter  

(%) 

Head nitrate 
content 

(mg/kg dm) 

Stem nitrate 
content 

(mg/kg fm) 
Conventional 3,787 a 601.0 a 13.0 b 1.0 b 9.1 c 9.3 b 4587 a 5875 a 

Conventional + Biostimulants 4,369 a 573.2 a 17.8 a 1.8 ab 9.7 bc 8.9 b 4681 a 6231 a 

Organic 1,423 b 100.2 b 9.7 c 2.0 ab 12.3 a 10.9 c 3800 b 4862 b 

Organic + Biostimulants 1,749 b 100.4 b 9.8 c 2.8 a 11.5 ab 10.8 c 4037 b 5025  
a, Rating scale: 1 (compact), 2 (average compact), 3 (non-compact).  
Different letters within the columns indicate significant differences (P <0.05; Tukey’s tests) 
 

TABLE V 
PLANT AND YIELD CHARACTERISTICS OF PEPPER (CV. ‘AKRON’) 

Treatment Plant 
height 
(cm) 

Fruit 

Yield (g) Number (n) Weight (g) Soluble solids (°Brix) 

Conventional 38 1432 a 11.7 a 122.4 b 7.0 b 

Conventional + Biostimulants 36 1064 a 9.8 a 146.3 a 7.3 b 

Organic 38 903 b 6.6 ab 136.8 b 6.9 b 

Organic + Biosimulants 32 836 b 6.4 b 154.8 a 7.2 a 

Different letters within the columns indicate significant differences (P <0.05; Tukey’s tests) 
 

TABLE VI 
PLANT AND YIELD CHARACTERISTICS OF FENNEL (CV. ‘TARQUINIA’) 

Treatment Plant Leaves Marketable yield 

Height 
(cm) 

Weight 
(g) 

Number 
(n) 

Total weight 
(g) 

Weight 
(g) 

Dry matter  
(%) 

Nitrate content 
(mg/kg f.m. ) 

Conventional 71.5 a 799.7 a 5.9 a 436.8 a 359.0 a 15.2 a 2676 a 

Conventional + Biostimulants 73.8 a 830.4 a 5.6 ab 444.4 a 382.3 a 14.6 a 2227 ab 

Organic 48.1 b 457.3 b 4.9 b 251.5 b 207.1 b 12.0 b 1259 b 

Organic + Biosimulants 53.4 b 495.3 b 4.9 b 266.1 b 226.3 b 11.7 b 685 bc 

Different letters within the columns indicate significant differences (P <0.05; Tukey’s tests) 
 

IV. CONCLUSIONS 

The data from these three agronomic trials carried out for 
cauliflower (cv. ‘Casper’), pepper (cv. ‘Akron’) and fennel 
(cv. ‘Tarquinia’) under conventional and organic fertilization 
systems and without and with these biostimulants were 
generally quite variable. However, the yields for all of these 
crops were greater under the conventional systems than the 
organic systems (both without and with biostimulants).  

The yield increases in the conventional systems was due to 
the mineral fertilizer applications. Instead, organic systems 
often rely on organic matter and are based on nutrient 
(nitrogen, phosphorous) availability that derives from organic 
matter mineralization. The macronutrient availability patterns 
under organic farming therefore differ significantly during the 
growing period from those of conventional systems. Organic 
crops are often subjected to limited nitrogen and phosphorous 
availability, especially during periods when the soil 
temperatures and the water availability reduce the 
mineralization capacity of the soil biota [25]. In terms of the 
crop yields, only slight, although sometimes significant, 
benefits were seen for the biostimulants.  

For the qualitative characteristics of the crop products, the 
plants under the organic fertilization system (without and with 
biostimulants) showed higher percentages of dry matter 
(cauliflower corymbs) and lower concentrations of nitrates 
(pepper fruit, fennel bulbs) than the plants under the 

conventional system. 
In conclusion, as demonstrated by other studies carried out 

with different herbaceous crops, the present study indicates 
that while the use of these biostimulants show some benefits 
on some of the productive parameters, in general, these subtle 
differences are difficult to evaluate [22]. 

On the whole, the present study confirms that these 
biostimulants can be effectively applied in such primary 
production activities. Undoubtedly, such research on the 
supply of biostimulants to crops is relatively complex, because 
of the numerous variables involved. Therefore, further studies 
are needed to determine optimal doses and frequencies of 
application of such biostimulants on various crops and 
cultivars, and also how these might be affected in terms of 
climate and soil conditions. 
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