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ABSTRACT

Based on the regulation (EU) No 2015/1107 in 8 July 2015, Willow (Salix alba) bark extract is a recent approved
basic substance in Europe as a safe and effective environmentally friendly fungicide to be used in plant
protection. Because of having indole butyric acid content, it is also used as a growth hormone to promote rooting
in cutting propagation of wooden part in horticultural plants. This research aimed to evaluate the effect of
willow extract and Ferbanat L (Bistep) on lettuce leaves. Bistep is an organic solution of nano fertilizer which is
produced in Hungary and allowed as ,,Bistep plant conditioner”. Furthermore, the experiment evaluated their
interaction on some bioactive compounds in different lettuce varieties, too. Three different lettuce varieties (King
of May, Kobak and Great Lakes) were evaluated for total polyphenols, vitamin C and nitrate content in fresh
leaves. The results indicate that the contents were significantly affected by the used biostimulants rather than
varieties. Significantly difference of the total polyphenols was recorded in the plants treated with Willow +
Bistep (80.64 mg GAE / 100g) in comparison to the control (55.85 mg GAE / 100g) in the mean of varieties.
Similar result was recorded for the vitamin C. However, plants treated with Willow extract resulted in the
highest level of nitrate content (692.00 mg/100g), while the lowest amount was measured in the control (488.00
mg/100g). According to our results, Willow bark extract can be a beneficial source of natural growth regulator
or fungicide; however, when it is used alone for vegetables, the nutrient content (mainly nitrate level) must be
checked before consuming and delivering to the market.

Keywords: Willow bark extract, Ferbanat L (Bistep), biostimulants, total polyphenol content, nitrate content,
lettuce (Lactuca sativa Linn).
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INTRODUCTION

Vegetables and fruit are the main source of
bioactive compounds such as polyphenols,
carotenoids, vitamins and fibre that human can
get benefit from it to improve the immune
system of the body (14,32). These materials
and antioxidants can prevent human health
from chronic diseases, heart attack, cancer and
aging processes (26, 47). Due to the health
benefits of fruit and vegetables and their
possible role in the biological activities in the
body, the daily intake of at least 400 g of non-
starchy vegetables and fruit have been
recommended by the World Health
Organization (50). Vegetables are unique for
nutrient supply; they need a high amount of
fertilizer during their growing season.
However, excessive fertilizing may lead to
reverse its benefits of the plants and cause
quality losses by nitrate accumulation. Lettuce
and spinach are among the richest nitrate
sources in the leafy vegetable groups and have
the characteristics of nitrate accumulation in
their leaves (27,40). According to the EU
regulation, there is a limited allowed level for
nitrate content in the leafy vegetables which
must be evaluated before sending to the
markets (13). Sometimes there is difference in
the regulation between the countries (7). The
acceptable daily intake (ADI) of nitrate of 3.7
mg/kg body weight/day is recommended, for
example, a person with a body weight of 75 kg
can only take a maximum of 277 mg of nitrate
or 0-0.37 mg kg™ of body weight (5, 8). Few
minutes after consuming fresh vegetables, a
part of the inorganic nitrate content (around
5%) is converted to nitrite in the mouth
through salvia bacteria, thus this may cause
serious health problems to the human body
(7,25, 24). The risk of the high body exposure
to nitrite is converting hemoglobin to
methemoglobin by oxidizing heme Fe* to
Fe**, which leads to a lack of oxygen
transportation in the blood (9, 38). Depending
on the daily intake and age, nitrate can be
either beneficial or harmful to the human body
(15). Nitrate is useful for protecting the
intestine from some bacterial infections when
it is consumed in normal amount (4, 34).
Nitrate is mostly found in drinking water, meat
products and vegetables. Some studies have
connected the risk of taking high nitrate level

1319

to the stomach cancer (44), others believe that
there is no positive relationship between
vegetable nitrate and gastric cancer (19, 20).
Therefore, it is suggested to avoid
continuously exceeded ADI range uptake
nitrate in the sources with high level of nitrate
contents such as drinking water (derived from
surface water), cheese added nitrate, and some
leafy vegetables (8). Nitrate content in
vegetables is varied from plant genotype to
another even between spices and cultivars (9).
Many organic substances as manures and
biostimulants have been confirmed as an
alternative to chemical fertilizer which are
used as a source of nutrient to improve the
plant quality and reduction of nitrate in plants
(28-30). Biostimulants alone or with other
extracts can improve vigour, quality and yield
of many plants (45,17). Salix alba bark extract
has recently been registered in the EU to
protect plants in organic farming as a
fungicide mainly in the protection of
arboriculture and viticulture (12). The willow
bark extract is used for multiple agricultural
purposes as plant growth regulator in cutting
propagation since it contains indole butyric
acid and as a safe fungicide against variety of
fungal disease such as Plasmopara viticola
(downy mildews) and Erysiphe necator
(powdery mildews) in grapevines, scab disease
(Venturia inaequalis), powdery mildews in
apple trees (Podosphaera leucotricha), and
foliar fungi like Taphrina deformans in peach
trees (34-36). The extract has not been
approved yet for all the vegetables and fruit,
however, some suggestions and research work
on tomatoes, berries and kiwi have been
submitted for further evaluation to the EU
(18). The aim of this study is to determine the
side effect or changes in some quality
parameters as bioactive compounds and nitrate
content in lettuce leaves while using the
willow extract, Bistep and both together as a
plant growth regulator on lettuce.

MATERIAIS AND METHODS

Willow bark extract preparation The Willow
bark extract was prepared from an old Salix
alba tree at the Agrar Campus, University of
Debrecen, Hungary. We used the method
developed by Marchand (36), in this way 100g
of newly grown (one year old) tree branches
were chopped to 2.5-3 cm and placed in warm
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tap water at 80°C and left to cool down then
kept for 24 hours at room temperature. Later
on, the liquid was filtered to separate the
extract and diluted to 5% for the experimental
usages. The amount remained was kept in the
refrigerator until it is treated to the plants for
the following occasions. The extract was
analyzed in the lab which results are shown in
Table 1.

Table 1. The chemical content of the Willow

bark extract

Elements Willow extract
pH 7.22
Nitrate (NO3’) (mg/l) < 0,200
Phosphorus (P,0s) (mg/l) 78.8
Potassium oxide (K,0) (mg/l) 235
Magnesium (Mg) (mg/l) 6.02
Manganese (Mn) (mg/l) 0.386
Zinc (Zn) (mg/l) 0.069
Sodium (Na) (mg/l) 14.7
Sulphur (SO,) (mg/l) 5.21
Copper (Cu) (mg/l) 0.158

Plants was treated the extract once per two
weeks with the amount of 50 ml/plant through
irrigation as follows:

Control plants: treated with distilled water
only.

Willow extract: plants irrigated with 50
ml/plant of Willow extract (5%) every two
weeks for three times interval.

Bistep: plants sprayed with Ferbanat L
(Bistep) (0.5%) with the mount of 20 ml/plant
once per two weeks from transplanting.

Bistep + Willow: plants treated with
Bistep+Willow extract with the concentrations
of 0.5% of (20 ml/plant) Bistep and 5% of
Willow bark extract (50ml/plant) at the same
time, once per two weeks from transplanting.
Ferbanat L (Bistep) preparation

Ferbanat L is an organic nano fertilizer
solution which is produced in Hungary by a
Turkish Ekosistem company. It is allowed as
,Bistep plant conditioner” (46). As it was
recommended by the company producer, the
solution was prepared with the concentration
of 0.5% and directly sprayed onto the plant
leaves. The composition of the product is
shown in Table 2.

Table 2. Ferbanat L (Bistep) mineral

content
Elements Bisteps
pH 7.4
Nitrate (NO3) (mg/l) 0.02
Phosphorus (P»,Os) (mg/l) 0.03
Potassium oxide (K,O) (mg/l) 0.3
Magnesium (Mg) (mg/l) 0.02
Manganese (Mn) (mg/l) 0.007
Zinc (Zn) (mg/l) 0.008
Molybdenum (Mo) (mg/l) 0.09
Organic material (m/m %) 25.0
Iron (Fe) (mg/l) 0.01
Boron (B) (mg/l) 0.0002
Total number of germs (number/cm?) 0.8 10’
Micro fungus (number/cm?) 1.0 x 10°
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Plant materials

Seeds of three different varieties King of May,
Kobak and Great Lakes was sown in a plastic
tray under optimum conditions until they reach
to 4 true leaves. After about 35 days of
sowing, the seedlings were transplanted to
unheated plastic tunnel on March 20", 2019.
Two weeks later, the plants were treated with
the biostimulants with the above given
concentration. Harvest was 72 days after
planting. The whole heads of the lettuce plants
were cut. For the sample preparation was used
outer, middle and inner leaves of each plant in
different treatment and variety combination.
Determination of total polyphenol content
Total polyphenols in mg GAE/100 g fresh
product were determined by Folin Ciocalteu
colorimetric method, where the results were
given in gallic acid equivalent value (52).
Determination of ascorbic acid content
Vitamin C content was determined by redox
titration using iodine solution following the
method by Ciancaglini et al. (11).
Determination of nitrate

The nitrate content in lettuce leaves was
measured based on the method by Kmecl et al.
(29) using Segmented Flow Analyzer (AA 11,
Bran+Luebbe) at the wavelength of 540 nm
after the reduction in copper coated cadmium
column (NO;s + 2e° ® NO,) to form diazo
compound

Statistical analysis

Data were subjected to one-way analysis of
variance (ANOVA) at the confidence
level P <0.05 using SPSS version 25.
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RESUITS AND DISCUSSION
Effect of biostimulants on
compounds of lettuce
Biostimulants are applied to plants in a small
quantity in order to enhance growth and
development in order to provide a better yield
and quality, because it works as a material
other than fertilizer (2,53). According to our
results, the bioactive compounds and nitrate is
affected by treatments rather than varieties
(Table 1-2). The highest total polyphenol
content was measured in the treatment of

bioactive

Willow extract + Bistep (80.64 mg/100g),
while the lowest result was for the Bistep
treatment (55.60 mg/100g). Similar tendency
was recorded for the Vitamin C, the highest
amount was detected for the plants treated
with Willow + Bistep (7.28 mg/100g), while
the lowest was for the control plants (4.88
mg/100g). On the other hand, nitrate content
was enough increased in the plants treated
with Willow extract (629.0 mg/100g) and the
lowest amount was recorded in the control
plants (488.0 mg/qg).

Table 3. Effect of biostimulants treatments on bioactive compounds and nitrate content in the
mean of lettuce varieties

poI;—r?I::Lols Vitamin C
Treatments (mg GAE/100g (mr%/dllJOC(i)g Nitrate (mg/kg)
product) P
Mean+SD_
Control 55.85°+1.38  4.88°+0.05  488.00°+11.32
Willow 59.41°+557  5.30°+0.15 692.00%+ 2.57
Bistep 5560°+3.54  5.44°+0.37 527.66° +61.03
Willow and 80.647+3.05  7.28°+0.09 534.33°+20.63
Bistep

‘Means within the same column followed by the same letter(s) are not significantly different at the probability

level of (p<0.05) according to Tukey HSDa,b test Multiple Range Test In the mean of treatment, according to

our measurements, it was not significant differences among the varieties (Table 3) for the bioactive compounds

Table 4. Effect of different lettuce varieties on the bioactive compounds and nitrate content in
the mean of treatments

Total L
_ polyphenols Vitamin C .
Varieties (Mg GAE / (mg /100 Nitrate (mg/kg)
100g product) g product)
Mean+SD
King of May  61.10%°+14.29 5.74*%1.13 560.15%+ 91.39
Kobak 63.22%+12.83 5.65%°+1.11 546.75%+ 99.8
Great Lakes  64.30°+9.50 5.80%+1.04 574.95%+90.56

*Means within the same column followed by the same letter(s) are not significantly different at probability level
(p<0.05) according to Tukey HSD*" test Multiple Range Test

Interaction effect of biostimulants and
varieties on some bioactive compounds of
lettuce: Polyphenols are important
phytochemical substances to the human
immune system (10). Vegetables and fruit are
rich in polyphenols and flavonoids which are
related with decreasing the risks of certain
chronic diseases as cancer and cardiovascular
diseases (22). The amount of antioxidant in
plants relies on many factors such as stress
which come mostly from insect attacks,
fertilization and nutrient management (52,42).
Polyphenols in the lettuce leaves are shown in
Figure 1. The content is varied from variety
and treatment to another. All of varieties
recorded a significant difference compare to
Willow+Bistep treatment, while the lowest

total polyphenol was recorded for the control
plants. Lettuce varieties were almost the same
in their reaction to the treatments.
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Figure 1. Interaction effect of varieties and
treatments on total polyphenol content in
lettuce leaves
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*Means within the same column followed by the
same letter(s) are not significantly different at
probability level (p<0.05) according to Tukey HSD?"
test Multiple Range Test

Interaction effect of treatments and
varieties on vitamin C (mg/100g) in lettuce
leaves: Vitamins are essential nutrient for
metabolism of the human body (22,1). It is a

daily essentiality nutrient which leads to
reduce some diseases like scurvy (37),
carcinogenic  illnesses, protecting bones

becoming fragile through taking part in the
collagen formation as well as swollen gums
and bleed (1). To achieve a healthy body in
adults, 30 to 110 mg/day of the intake of
vitamin C is recommended (21,31). Lettuce is
not considered as a very high source of
vitamin C, however, it is advantages to eat
row, this preserves its nutritive value because
vitamin C is unstable and degrades at 50 °C
(1,48). Results from Acamovi¢-Pokovi¢ (1)
show the amount of vitamin C in lettuce leaves
ranges from 3.8 to 9.6 mg/100g. Figure 2
indicates the value of vitamin C in mg/100g.
This amount was influenced mainly by the
combination of biostimulants in different
lettuce varieties. All the treatments were
significantly different in comparison to the
control. The highest result (7.29, 7.24 and 7.40
mg/100g) was for the varieties (Kobak, Great
Lakes and King of May) treated with
Willow+Bistep, followed by Willow extract
and Bistep, while the lowest result for all three
varieties was in the control. The greener leaves
of Great Lakes variety recorded the higher
vitamin C content comparing to other varieties
which have green-yellow leaves. This result is
agreed to the result by Acamovi¢-Dokovi¢ at
al. (1), where they found that the greener
lettuce leaf colour of Levistro variety recorded
the greater vitamin C content (9.60 mg/100g),
comparing to the red leaf variety Murai (3.50
mg/100g).
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Figure 2. Interaction effect of varieties and
treatments on Vitamin C content in lettuce

leaves
*Means within the same column followed by the
same letter(s) are not significantly different at
probability level (p<0.05) according to Tukey HSD*"
test Multiple Range Test

Interaction effect of the treatments and
varieties on nitrate content in lettuce leaves
Wang et al. (31) indicated very large interval
of content for nitrate in lettuce ranged between
(123-2678 mg/kg fresh weight) and nitrite
(0.08-2.15 mg/kg fresh weight). Santamaria
(44) has classified the vegetables and stated
that lettuce as one of the very high nitrate rich
species together with celery, spinach and
rocket. It is essential to highlight the nitrate
content of the studied lettuce cultivars in the
Figure 3. Nitrate accumulation was mostly
affected by the treatments. Significant
difference was recorded in the plants of all the
three varieties treated with Willow extracts
compared to other treatments. It was not
detected significant difference by other
treatments. The highest nitrate content was
recorded for the Willow treatment in Kobak
variety (695 mg/kg) followed by Great Lakes
and King of May (691 and 690 mg/kg,
respectively), while the lowest nitrate level
was in the King of May variety treated with
Bistep (492 mg/kg), furthermore in Kobak and
Great Lakes by control treatment (478 and 486
mg/kg, respectively).

Interaction effect of the treatments and
varieties on nitrate content in lettuce leaves
Wang et al. (51) indicated very large interval
of content for nitrate in lettuce ranged between
(123-2678 mg/kg fresh weight) and nitrite
(0.08-2.15 mg/kg fresh weight). Santamaria
(44) has classified the vegetables and stated
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that lettuce as one of the very high nitrate rich
species together with celery, spinach and
rocket. It is essential to highlight the nitrate
content of the studied lettuce cultivars in the
Figure 3. Nitrate accumulation was mostly
affected by the treatments. Significant
difference was recorded in the plants of all the
three varieties treated with Willow extracts
compared to other treatments. It was not
detected significant difference by other
treatments. The highest nitrate content was
recorded for the Willow treatment in Kobak
variety (695 mg/kg) followed by Great Lakes
and King of May (691 and 690 mg/Kkg,
respectively), while the lowest nitrate level
was in the King of May variety treated with
Bistep (492 mg/kg), furthermore in Kobak and
Great Lakes by control treatment (478 and 486
mg/Kg, respectively).
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Figure 3. Interaction effect of varieties and
treatments on nitrate accumulation in

lettuce leaves
*Means within the same column followed by the
same letter(s) are not significantly different at
probability level (p<0.05) according to Tukey HSD ab
test Multiple Range Test

Conclusion

There was not a steady difference in bioactive
and nitrate content among the lettuce varieties,
the differences were only recorded with the
effect of the treatments on the plants rather
than the varieties. According to our results, the
recommended Bistep concentration (0.5%)
was useful for improving bioactive compound
in lettuce leaf without increasing the nitrate
level. Also, the use of Willow bark extract
improved the total polyphenol and vitamin C
content of lettuce, but as a side effect have
caused 28 — 31 % higher nitrate content
compared to the control although the amount
is still lower than the limits set by the
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European Commission Regulation. Though, in
our experiment, the best result was realized by
the combination of Bistep + Willow extract.
So that, we can conclude that Willow extract is
an  excellent  substance  with  other
biostimulants, like Bistep to improve the
quality of lettuce in organic farming.
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