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Abstract

BULGARI, R., N. PODETTA, G. COCETTA, A. PIAGGESI and A. FERRANTE, 2014. The effect of a complete
fertilizer for leafy vegetables production in family and urban gardens. Bulg. J. Agric. Sci., 20: 1361-1367

The home vegetables cultivation in family or urban gardens for self -consumption is mainly performed as a hobby but
without following the good agricultural practices. Home gardening is often carried out by inexperienced people, which may
lead to wrong fertilization. In this work, a fertilizer was evaluated for providing the mineral nutrients required from vegetables
and stimulate the nutrient use efficiency in the plant. The commercial product ONE®, commercialized by Valagro S.p.A., was
tested on two different leafy vegetables, Lactucasativa L. and Cichoriumendivia L. In order to discriminate the nutritional ef-
fect from the biostimulant effects, ONE® treatments were compared to a control added with the minimum crops requirements
and to solutions containing the same concentrations of macro-nutrients as in ONE®. Results showed that ONE® treatments
were able to speed up the growing rate of plants that reached the commercial maturity earlier. The chlorophyll content was
higher in ONE® treatments, showing a positive effect on the visual appearance of the vegetables. Nitrate content in lettuce was
below 500 mg/kg fresh weight, a value much lower than the commercialization law limits. Treatment caused a higher increase
of reducing sugars in lettuce respect to endive. In lettuce the sucrose content was higher in outer leaves compared to the inner
leaves, while opposite results were found for total sugars. In endive sucrose and total sugar were lower in ONE® treatments
compared to control. In conclusion, considering yield and quality parameters, ONE® was effective in improving the quality
of the leafy vegetables tested.
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Introduction

Salad production in family gardens for self-consump-
tion often is not performed following the good agricultural
practices. The most part of the farming operations are ap-
proximate, especially the fertilization. In fact, inexperienced
people (Tei and Gianquinto, 2010) often carry out vegetables
cultivation in the urban area. Therefore, the urban gardens
are performed almost exclusively as a hobby by employees,
retired or disabled people (Tei, 1997) with the aim to satis-
fy the family needs, for spending part of the day in contact
with nature, for physical exercise and for meeting with other
people (La Malfa, 1997). Organic or slow-release fertilizers
usually provide the nutrient supply. Unfortunately, the min-

eral nutrient release does not often coincide with the nutrient
uptake rate of vegetables, especially during summer when
the biological cycle is shorter. Moreover, high temperatures
increase the mineralization of the organic matter, causing
high leaf nitrate content. A wrong fertilization for vegetables
can produce a nitrate excess in the leaves, beyond the EU
regulation limits. Nitrate itself is relatively non-toxic but its
metabolites may produce a number of negative health effects
(Santamaria, 2006). Nitrate in human diet may cause gastro-
intestinal cancer and methemoglobinemia (Du et al., 2007).
There are not quality controls on homemade vegetables and,
therefore, a wrong fertilization might cause health problems
to the unaware farmer-consumer. Hence, the existing com-
mercial products are not only made to nourish plants but also
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to stimulate the nutrient use efficiency in order to increase
growing and quality production. A lot of these biostimulants
are composed by unknown components, like some amino ac-
ids that stimulate the plant metabolism (Vernieri and Mug-
nai, 2003). The combined application of fertilizing elements
and biostimulants might improve the nutrient use efficiency
of the plant and at the same time reduce the fertilizers supply,
with benefits for consumers and environment.

The aim of this work was to study the effect of ONE® on
Iceberg lettuce and endive as nutrient supply and plant bio-
stimulant. The efficiency of this product was evaluated con-
sidering some quantity and quality parameters.

Materials and Methods

Plant material, cultivation and fertilization

Iceberg lettuce plants (Lactuca sativa L., var. Capitata
“Regina dei ghiacci”) and endive (Cichorium endivia L.,
var. Latifolia) were transplanted in plastic pots with peat and
fertilization was performed according to the plant nutrient
uptake. The plant density was 9 plants/m? for lettuce and 8
plants/m? for endive. In each pot 14 g of fertilizer (N-P-K:
13-8-24) were mixed with peat to provide the 100% of plant
nutrient requirements.

The ONE® fertilizer contains the following mineral ele-
ments: nitrogen (N) 5.5% subdivided in 0.5% organic and 5%
ureic , phosphorus (P,0,) 5%, potassium (K,0) 7.5%, organ-
ic carbon 4.5%, soluble iron in water 0.1% and chelate with
EDDHSA 0.1%, soluble manganese in water 0.03% and che-
late with EDTA 0.03%, water soluble zinc 0.04% and chelate
with EDTA 0.04%. In order to evaluate the effect of ONE®
as fertilizer and biostimulant a NPK solution containing the
same mineral nutrient concentration of ONE® was prepared.
In particular, 0.1 g of N-P-K 20-20-20 fertilizer and 0.1 g
of K SO, were dissolved in 2 L of water. The application of
treatments was performed one week after the transplanting,
according to the following scheme:

* Control (400 mL/plant of water);

* Control fertilized with NPK at 50% dose (200 mL/plant of
water and 200 mL/plant of NPK solution);

* ONE® at 50% dose (200 mL/plant of water and 200 mL/
plant of ONE® solution);

* Control fertilized with NPK at 100% dose (400 mL/plant of
NPK solution);

* ONE® at 100% dose (400 mL/plant of ONE® solution).

In the first application, 60 mL of ONE® were diluted in 3
L of water, as label instructions. From the second application,
the treatments were performed every two weeks, using a 50%
dose of both ONE and NPK (30 mL of ONE® diluted in 3L of
water and 50 mg of fertilizer N-P-K 20-20-20 and of K SO,

in 2 L of water). Vegetables were watered initially with 0.5 L/
plant and then with 1L/plant considering the daily water con-
sumption for each species.

Determination of head weight, chlorophyll, sucrose,
reducing sugars and total sugars content

Each head of lettuce or endive was cut at the collar, re-
leased by outer damaged leaves and then was weighed. Dry
weight was determined after over-dry desiccation at 80°C un-
til a constant weight was reached.

Chlorophyll content was determined by chlorophyll meter
(CL-01, Hansatech, UK). About 1-2 g of leaves was ground in
distilled water for both sucrose determination and total sug-
ars. Homogenate was centrifuged at 10000 rpm for 5 min.
For sucrose determination, 0.2 mL of extract were added to
0.2 mL NaOH 2N and incubated at 100°C for 10 min; then 1.5
mL of hot resorcinol were added and incubated at 80°C for 10
min. A resorcinol solution was prepared by adding 35 mg of
resorcinol and 90 mg of thiourea in 250 mL HCI 30%, mixed
with 25 mL of acetic acid and 10 mL of distilled water. Sam-
ples were cooled at room temperature and spectrophotometer
readings were performed at 500 nm and a calibration curve
was built with sucrose standards at 0, 0.5, 1, 1.5, 2 mM.

The reducing sugars analysis was performed using 0.2
mL of crude extract that were added to 0.2 mL of dinitrosali-
cylic acid (DNS). The reaction mixture was heated at 100°C
for 5 min, then 1.5 mL of distilled water was added and ab-
sorbance readings were taken at 530 nm. The reducing sugars
were expressed as glucose equivalent using a glucose stan-
dard curve (0, 1, 2, 3 and 4 mM).

Total sugars were calculated by anthrone method: 0.2 g
of anthrone was melted in 100 mL of H,SO, and shaked for
30-40 min. 1 mL of extract was added to 5 mL of anthrone
solution, cooled in ice for 5 min and mixed thoroughly. Sam-
ples were incubated at 95°C for 5 min and then cooled on ice.
Absorbance readings were measured at 620 nm and a calibra-
tion curve was built with glucose standards at 0, 1, 2, 3 and
4 mM.

Determination of nitrate content

Nitrate content in leaves was measured with the salicyl-
sulphuric acid method (Cataldo et al., 1975). 1 g of leaves was
ground in 4 mL of distilled water. The extract was centri-
fuged at 5000 rpm for 5 min and the supernatant was recov-
ered and used for the colorimetric determination. 20 puL of
sample were added to 80 uL of 5% salicylic acid in sulphonic
acid and to 3 mL of NaOH 1.5 N. The samples were cooled at
room temperature and the spectrophotometer readings were
performed at 410 nm. Nitrate content was calculated referring
to a standard calibration curve.
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Statistical analysis
Statistical analysis was performed with GraphPad Prism 6.
All data were reported as means =+ standard errors (n = 3).
One-way analysis of variance and two-way analysis of vari-
ance were used to analyse the data deriving from endive and
lettuce treatments respectively. The differences among treat-
ments were analysed by Bonferroni test (P < 0.05).

Results

Yield and chlorophyll content
Lettuce was harvested at the commercial maturity after
57 days following the transplanting. The production for each

pot was determined by measuring the weight at the harvest;
each head of lettuce weighed between 41 g and 323 g (Figure
1A). Both ONE® treatments increased the plants weight over
300 g/head of lettuce; NPK solutions did not show significant
differences compared to the control.

With a density of 9.5 plants/m? the yield was 1.3 kg/m?
in control and 3 kg/m? in the two ONE® treatments (Figure
1C). The dry matter (DM) was lower in plants treated with
ONE®: in control DM was 5%, while in ONE® at 50% dose
was 4.1% and in ONE® at 100% dose was 3.9% (Figure 1E).

The endive was harvested after 48 days following the
transplanting. The weight of each head of endive was com-
prised between 168 g and 198 g (Figure 1B).
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Fig. 1. Production (A, B), yield (C, D) and dry matter % (E, F) of lettuce and endive in response to different treatments.
Values are means with standard errors (n = 3). Different letters indicate statistical differences among treatments (P < 0.05)
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Considering a density of 8 plants/ m? the yield was higher
in plants treated with NPK at 50% dose (Figure 1D).

The dry matter (DM) was higher in endive plants treated
with ONE® at 100% dose but no significant differences were
observed (Figure 1F). The values ranged from 4-6%.

The chlorophyll content showed the same trend: both
ONE® treatments increased leaf pigments but statistically
differences were observed between ONE® at 50% and 100%
dose (Figure 2A). The effect of the biostimulant on the chloro-
phyll concentration in the endive was visible in plants treated
with ONE® at 100% dose (Figure 2B); in fact the pigments
were almost doubled, with a value of 12.48 r.u., which was
statistically different compared to other treatments.

Nitrate content

Lettuce nitrate content was measured both in outer and
inner leaves; results showed that nitrate content was lower
in the outer leaves (100-200 mg/kg FW) compared to the
content in the inner leaves (200-300 mg/kg FW). ONE® at

100% dose increased nitrate content (500 mg/kg FW) but any
significant differences were observed among inner and outer
leaves. The NPK treatment at 100% dose was the only treat-
ment that induced less nitrate content in inner leaves than
other treatments (Table 1). The nitrate content in the endive
salad ranged from 221 to 1239 mg/kg FW. Lowest nitrate
content was observed in the control and the highest in the
ONE 100 treatment (Table 1).

Reducing sugars, sucrose and total sugars

Reducing sugars in lettuce were determined in the inner
and outer leaves, since the lettuce is closed to form a ball
head. The reducing sugars in the outer leaves ranged from
1700 to 2080 mg/kg FW, while the inner leaves showed
higher concentrations ranging from 3120 to 5250 mg/kg
FW. No statistical differences were found among treatments
(Figure 3A). The endive showed a reducing sugars content
similar to the concentrations observed in the outer leaves of
lettuce. Contrary to the lettuce, the treatments affected the
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Fig. 2. Chlorophyll content in lettuce (A) and endive (B) in response to different treatments. Values are means
with standard errors (2 = 3). Different letters indicate statistical differences among treatments (P < 0.05)

Table 1

Nitrate content in lettuce and endive leaves in response to different treatments

Nitrate content, mg/kg FW
Treatment Lactuca sativa L. Cichorium endivia L.
Inner leaves Outer leaves

Control 146.22+14.485b 179.51+£18.146b 221.19429.36
NPK50 193.83+58.443ab 269.50+45.453ab 607.58+29.52
ONES50 202.51+31.637ab 242.494+28.592ab 552.85+155.22
NPK100 195.08+42.506ab 291.95+105.449ab 552.82+110.03
ONE100 498.96+165.455a 497.70£143.676a 1239.11+424.88

Values are means with standard errors (n = 3). One-way analysis of variance and two-way analysis of variance were used to
analyse the data deriving from endive and lettuce treatments respectively. Differences among means were determined using
Bonferroni’s post-test. Different letters indicate statistical differences among treatments (P < 0.05)
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reducing sugars content in endive with lower concentration
in treatments compared with control (Figure 3B). In treat-
ments the values were in average below 2000 mg/kg FW,
while in the control the average was above 3000 mg/kg FW.
Sucrose content in endive leaves was higher in control com-
pared with treatments, which showed half concentration
(Figure 3D). Sucrose concentration was 3-4 times higher
in outer leaves (Figure 3C). Inner leaves had a sucrose con-
tent of 400 mg/kg FW, while outer leaves showed variable
values from 600 to 1200 mg/kg FW. Sucrose concentration

was higher in plants treated with ONE® than other treat-
ments.

With the exception of ONE® at 100%, all treatments in-
duced a higher (Figure 3E) content of total sugars in inner
leaves of head of lettuce. Significant differences were observed
only in outer leaves of NPK at 100% dose and in inner leaves of
ONE® at 100% dose, both presenting very low values. The total
sugar concentration had the same trend of sucrose with highest
value in the control (5800 mg/kg FW) and in other treatments
the concentration was almost one third (Figure 3F).
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Discussion

Since vegetables production in urban environment is
spreading in many cities, the scientific interest to improve
cultivation practices and quality parameters has been grow-
ing. At the same time the use of biostimulants is gaining a
worldwide interest because they represent an environmen-
tal friendly method for stimulating crop productivity, in-
ducing stress resistance and improving yield or chemical
composition of the plants (Grabowska et al., 2013).

In this work a complete fertilizer containing biostimu-
lants was tested to supply nutrient needs of leafy vegeta-
bles.

Results showed that ONE® treatments speeded up the
production: the formation of head of lettuce and the com-
mercial stage of maturity were earlier in ONE® treatments
than in other. These effects on production were already
observed in vegetables (Vernieri et al., 2005) and in orna-
mental plants (De Lucia and Vecchietti, 2012). By enhanc-
ing the chlorophyll content, ONE® treatments improved
the lettuce and endive visual appearance and probably the
photosynthetic activity of plants. High concentration of leaf
pigments deriving from biostimulant treatments was previ-
ously observed in other vegetables, such as rocket (Vernieri
et al., 2005; Vernieri et al., 2006). Nitrate content in let-
tuce and endive was very low in all treatments and in con-
trol though a slight increment of nitrates in ONE® at 100%
dose was found. This result could depend on total sugars
reduction in the leaves. In fact deficiency of carbon skele-
tons could lead to a reduction in nitrate assimilation (Ervin
et al., 2004). This condition was more evident in endive:
the higher level of nitrate was recorded in plants treated
with ONE® at 100% dose, in which the content of total
sugars, sucrose and reducing sugars was lower. The greater
concentrations of sucrose and the lower concentration of
reducing sugars in the outer leaves of lettuce are probably
determined by the enhanced photosynthetic activity due to
higher light received (Yamaguchi et al., 1990). Outer leaves
are green and rich in chloroplast, while inner leaves are
etiolated and with a lower concentration of photosynthesis
products. The lower concentrations of reducing sugars are
used for amino acids biosynthesis and this explains the low-
er concentrations of nitrates. Moreover, the nitrate assimi-
lation in plants is light dependent and shaded leaves or with
lower light exposure usually show higher nitrate contents
(Blom-Zandstra and Lampe, 1985; Antonacci et al., 2007).
Both nitrates and sugars in plants undergo diurnal changes,
therefore the sampling time is very important because may
lead to different conclusions.

Conclusions

The collected data suggested that ONE® at 50% dose in
Iceberg lettuce could increase production and improve qual-
ity parameters. In endive the treatment with ONE® at 100%
dose had an effect especially on the visual appearance of
plants, rather than on production parameters; Gajc-Wolska et
al. (2012) investigated the effect of biostimulants on the yield
and quality of curly endive, showing that these products did
not affect the endive yield.

Generally the biostimulant had positive effects on leafy
vegetable production but these were different among the two
species that were studied; this is consistent with what was
shown in other works demonstrating that the effects of bio-
stimulant applications were dependent on plant species, culti-
var, environmental factors, dose and time of application (Ku-
nicki et al., 2010).
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