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Abstract. Due to the low caloric intake, correlated with the high content of
vitamins, fiber and mineral salts, plant foods are essential for a healthy diet. On
the other hand, plant products can also be an important source of potentially
harmful compounds, such as nitrogen, residues from fertilizer treatments and
soil conditioners. The problem has become particularly relevant since frequent
acute and chronic intoxications have been reported in young children who have
consumed these substances in water or food, becoming even more complex after
highlighting the cumulative effect of nitrates and the possibility of carcinogenic
nitrosamines. This study was performed using 5 samples of fruits: red apple,
golden apple, grapefruit, pears, lemons and 5 samples of vegetables: green
peppers, cucumbers, squash, onions, cabbage. The nitrate content was analyzed
and compared during storage for 7 days at different temperatures.
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Rezumat. Datorita aportului caloric redus, corelat cu conginutul ridicat de
vitamine, fibre si saruri minerale, alimentele de origine vegetala sunt esengiale
pentru o dieta sandtoasd. Pe de alta parte, produsele vegetale pot fi, de
asemenea, o sursd importantd de compusi potential daundtori, aga cum este
cazul azotitilor, reziduurilor de tratamente efectuate cu ingrdsaminte si agensi
de conditionare a solului. Problema a devenit deosebit de actuala de cind s-au
semnalat frecvente intoxicatii acute §i cronice la copiii mici care au consumat
aceste substanfe din apa sau hrana, devenind §i mai complexd In urma
nitrozaminelor cancerigene. Prezentul studiu s-a efectuat folosind 5 probe de
fructe: mar rosu, mar golden, grapefiuit, pere, lamdi si 5 probe de legume:
ardei verde, castravete, dovlecei, ceapd, varza. A fost analizat si comparat
conginutul Tn azotifi pe durata pastrarii timp de 7 zile la diferite temperaturi.
Cuvinte cheie: legume, fructe, azotiti, pastrare

INTRODUCTION

The contribution of vegetables and fruits to the accumulation of daily
intake of nitrates is considerable, however, nitrates have a low toxicity, but the
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reaction products resulting from their reduction (nitrites and N-nitroso
compounds) are considered among the factors responsible  for
methemoglobinemia in children and of gastric cancer in adults (EFSA, 2008).

Numerous genetic, environmental and cultural factors influence the
absorption and accumulation of nitrates in vegetables, including: species, fertilizer
treatment and climatic conditions such as temperature, intensity and duration of
light exposure, amount of water and the physical - chemical nature of soil.

Inorganic nitrates/nitrites are naturally occurring compounds in foods,
especially plant foods and vegetables, and are also used as additives in
industrially processed foods. Major sources of exogenous nitrate exposure are
vegetables and drinking water, whereas processed meat and animal food products
are major nitrite-containing foods; more than 80-95 percent of dietary intake of
nitrate is attributed to vegetables especially green leafy vegetables including
lettuce and spinach, cabbage, rocket, red beetroot, and radish (Hord et. al, 2009;
Reinik et. al, 2009). A wide range of nitrate in vegetables from <1 to >1000 mg
100 g has been reported (Hord et. al, 2009; Reinik et. al, 2009), whereas most levels
of nitrate determined in fresh meats have been low (~10-50 mg kg ') (lammarino
et. al, 2012; Walters, 1996).

Due to many biological and environmental factors, nitrate/nitrite
concentrations of foods and especially vegetables, reported in several studies,
were extremely variable and also varied from country to country and region to
region (Santamaria, 2006; Correia et al, 2010).

The main concern regarding nitrate is its potential endogenous conversion
to nitrites and nitrosamines, and some acute/chronic toxicities such as
methemoglobinemia, thyroid disorders or carcinogenesis. On the other hand,
several potential therapeutic properties of nitrate/nitrite have been reported,
sparking a growing interest in its clinical applications in several pathological
conditions such as cardiovascular disease, hypertension, diabetes, metabolic
syndrome and insulin resistance (Ghasemi et. al, 2013; Kevil et. al, 2011).

This paper aims to compare the nitrite content of different vegetable and
fruit samples during storage for seven days at room, refrigeration and freezing
temperature.

MATERIAL AND METHOD

The following samples were analyzed, at an interval of 7 days of storage at
different temperatures, in what regarded their nitrite content:

P 1 — “Golden Delicious” green apples;

P 2 —“Starkrimson” red apples;

P 3 — Grapefruit;

P 4 — Cureé pears;

P 5—Lemons;

P 6 — Green peppers;

P 7 — Squash;

P 8 — Cornichon cucumbers;
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P 9 — Yellow onions;

P 10 - White cabbage.

The fruits and vegetables under analysis were purchased fresh on the day of
the analysis. Each sample was sectioned into 4 equal parts. The first part was
analyzed the same day to determine the dry matter and the humidity of fresh
vegetables and fruits, respectively. One of the remaining 3 parts of each sample was
stored at room temperature in a place away from sunlight and moisture, for a period of
7 days in order to monitor the evolution of changes that may occur, the second was
stored in the refrigerator at a temperature of 4°C and the last part was stored at
freezing temperature between -18 and -20°C. The nitrites content was determined
using the Griess reagent colorimetric method and a Spekol 1100 spectrophotometer.

RESULTS AND DISCUSSIONS

As regards the moisture and dry matter of the analyzed samples, the values
are shown in table 1. They were determined in order to properly express the nitrite
content in samples.

Table 1
Humidity and dry matter values for the analyzed fruit and vegetable samples
Sample Humidity (%) Dry matter (%)

P1 84.038 15.962
P2 83.072 16.928
P3 82.144 17.856
P4 85.78 14.22
P5 89.572 10.428
P6 93.86 6.14

P7 94.65 5.35

P8 96.133 3.867
P9 91.22 8.78

P10 93.972 6.028

According to Griess method, we prepared a series of known concentration
solution and draw a calibration curve (fig. 1):
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Fig. 1 Calibration curve for nitrite content evaluation
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Fig. 2 Nitrite content of initial samples per 100 g of sample/100 g of dry matter

As shown in figure 2, in what regards the fruit samples, the highest value
for nitrite content was registered for lemons (Ps) in 100 g dry matter and in
normal sample and for the vegetables, the highest value appeared for squash
sample (P7).

We analyzed by comparison the nitrite content of initial samples to those of
the samples maintained for 7 days at different storage temperatures (fig. 3 and 4).
For all samples, the variant maintained at room temperature showed an increased
content of nitrites, while the refrigerated and especially the frozen variants
showed very small variations from the initial values.
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Fig. 3 Nitrites content for the considered fruit samples in all storage variants
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Fig. 4 Nitrites content for the considered vegetable samples in all storage variants

CONCLUSIONS

1. Dry matter content of the considered fruit samples varied between 10.43
—17.86% and between 3.87 — 6.14% for the vegetable samples;

2. Observing the samples of fruits initially analyzed, the highest content in
nitrites per 100 g dry matter was registered for lemons and the lowest for
grapefruits;

3. In what regards the samples of vegetables initially analyzed, the highest
content in nitrites per 100 g dry matter was registered for squash and the lowest
for yellow onions

4. In the case of both fruit and vegetables, the highest concentrations of
nitrites were observed in the case of samples kept at room temperature for 7 days.

5. Both fruits and vegetables are best consumed fresh, of course, but if
storage is required, it is preferred to do that in the freezer, at least from the nitrites
accumulation point of view.
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ANTIOXIDANT AND CHROMATIC CHARACTERIZATION
OF PHENOLIC CONTENT IN RED CABBAGE

CARACTERIZAREA ANTIOXIDANTA SI CROMATICA A
CONTINUTULUI FENOLIC DIN VARZA ROSIE

PATRAS Antoanela'*
*Corresponding author e-mail: apatras@uaiasi.ro

Abstract. Red cabbage is a widely consumed vegetable, with a high content of
health-promoting compounds: minerals, vitamins, phenols and glucosinolates.
The phenols group is very well represented and includes, among others, the
anthocyanin pigments, which are responsible for the specific colour of red
cabbage. The present research analyses the total and individual phenolic
content (measured spectrophotometrically and, respective, by HPLC), the total
and monomeric anthocyanins content, the chromatic parameters (colour
density, polymeric colour, percent of polymeric colour, browning index, the
CIELab colour parameters: lightness, green/red colour component, blue/yellow
colour component, colour intensity, tone), the antioxidant activity, as well as the
pH of an ethanolic red cabbage extract. The results revealed a high content of
phenolic compounds and an important antioxidant activity. The main phenols
identified are: gallic acid, ellagic acid, procyanidin B1, m-hydroxybenzoic acid,
ferulic acid and protocatechuic acid. The results proved an important quantity
of anthocyanins, of which 82.59% are monomeric. The values of polymeric
colour, percent of polymeric colour and browning index confirm the
preponderance of monomeric phenols in the studied red cabbage extract.

Key words: colour, antioxidant activity, anthocyanins

Rezumat. Varza rogie este o legumad consumatd pe scard largd, cu un confinut
ridicat de compusi benefici sanatatii: minerale, vitamine, fenoli si glucozinolai.
Grupa fenolilor este foarte bine reprezentata si include, printre altele, pigmentii
antocianici, care sunt responsabili pentru culoarea specifica a varzei rosii.
Prezenta cercetare analizeaza conginutul fenolic total §i individual (mdsurat
spectrofotometric i, respectiv, prin HPLC), conginutul de antociani totali gi
monomerici, parametrii cromatici (densitatea culorii, culoarea polimerica,
procentul culorii polimerice, indicele de brunificare, parametrii de culoare
CIELab: luminozitate, componenta de culoare verde/rogu, componenta de culoare
albastru/galben, intensitatea culorii, tonul), activitatea antioxidantd, precum si
pH-ul unui extract etanolic de varza rogie. Rezultatele au relevat un coninut
ridicat de compusi fenolici §i o activitate antioxidanta importantd. Principalii
fenoli identificasi sunt: acidul galic, acidul elagic, procianidina B1, acidul m-
hidroxibenzoic, acidul ferulic si acidul protocatehic. Rezultatele au dovedit o
cantitate importanta de antociani, din care 82,59% sunt monomeri. Valorile
culorii polimerice, procentul culorii polimerice si indicele de brunificare confirma
preponderenya fenolilor monomerici in extractul de varza rosie studiat.

Cuvinte cheie: culoare, activitate antioxidanta, antociani
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INTRODUCTION

Red cabbage (Brassica oleracea L., convar. capitata (L.) Alef, var. rubra
DC) is a widespread variety of cruciferous vegetable. It is rich in bioactive
compounds with antioxidant and health-promoting properties, which reduce the
risk of cancer, cardiovascular and degenerative diseases (Cruz et al., 2016; Jahangir
et al., 2009; Kristal and Lampe, 2002). The main bioactive compounds are phenolics
and glucosinolates. Within phenol group can be mentioned flavonoids and non-
flavonoids as phenolic acids, cinnamic acids, stilbenes. The profile of red
cabbage’s flavonoids is complex and a special importance have the anthocyanin
pigments. Anthocyanins are responsible for the colour of fruits, vegetables and
flowers, exhibiting different colours from nuances of red, to magenta, violet, or
blue, depending on the physiological pH (Mazza and Miniati, 1993). The colours are
due to the structure adopted by this heterocyclic compounds at various pHs, e.g.
the flavylium cation (pH 1-3) is red, the quinonoidal base (pH 6-7) is violet, the
anionic quinonoidal base (pH 7-8) is blue (Castaneda-Ovando et al., 2009; Patras et
al., 1995).

The present research is analysing the red cabbage from the point of view of
phenolic content, antioxidant activity and chromatic parameters.

MATERIAL AND METHOD

The studied red cabbage material is represented by the variety Red Dynasty
F1, from a private producer. The extraction of phenolic compounds, with 60% ethanol,
was performed for 30 min on water bath at 40 °C and was followed by filtration. The
ratio mass of plant material/volume of solvent = 1 g/10 mL.

The dry weight was determined gravimetrically and the pH was measured with
the WTW portable pH-meter 330i.

Total phenolic content, TPC, was analysed spectrophotometrically using Folin-
Ciocalteu method, according to Ribereau-Gayon et al. (2006), and the result was
expressed as mg gallic acid equivalents/100 g fresh weight (FW).

Total (TAC) and monomeric anthocyanins contents (MAC) were determined by
pH-differential method, following the procedure presented by Giusti and Wrolstad
(Giusti and Wrolstad, 2001) and expressed as mg cyanidin-3-glucoside/100 g FW.

The contents of individual phenols were measured by HPLC, following the
procedure described by Cristea et al., (2019), and expressed as mg/100 g FW.

CIELab colour parameters (lightness, clarity or luminosity, L*; green/red colour
component, a*; blue/yellow colour component, b*; chroma or colour intensity, C*; tone
or hue angle, H*) were determined according to the method OIV-MA-AS2-11 (2006).

Other measured chromatic parameters are: colour density (CD), polymeric
colour (PC), percent of polymeric colour (PPC) and browning index (Bl), which were
analysed using the metabisulfite-bleaching method (Giusti and Wrolstad, 2001).

The antioxidant activity, AA, was measured by ABTS radical scavenging
method (Re et al., 1999) and expressed as pmol trolox equivalents/100 g FW.

All spectrophotometric analyses were performed using the Specord 200 Plus
spectrophotometer.

The obtained results are means of 3 measurements of samples resulting from 3
different extractions.
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RESULTS AND DISCUSSIONS

The dry weight of red cabbage was 8.19 + 0.51 % and the pH of fresh
extracts had an average value of 6.29 £ 0.03.

Table 1 presents the total phenolics, total and monomeric anthocyanins
contents, antioxidant activity and the main individual phenolics identified by
HPLC analysis.

Table 1

Phenolic compounds (groups and individuals) and antioxidant activity of 100 g fresh
red cabbage

phenolic compounds/ antioxidant activity value

total phenolic content 194.30 +1.89
total anthocyanins 123.15+3.70
monomeric anthocyanins 101.71 £ 2.55
gallic acid 36.21+1.79

ellagic acid 28.7 £1.03
procyanidin B1 12.02 £0.93

m-hydroxybenzoic acid 2.09 £ 0.09

ferulic acid 1.99+0.14

protocatechuic acid 1.58 £ 0.07

antioxidant activity 1092.78 + 48.08

The results proved a high antioxidant activity (more than 1000 pumol trolox
equivalents/100 g) of Red Dynasty F1 cabbage, comparable to the value obtained
by Podsedek et al. in red cabbage cv. Koda, cultivated in the central region of
Poland (1418 pmol trolox equivalents/100 g) (Podsedek et al., 2014). The
differences, apart from the cultivar and pedo-climatic conditions, may result from
the fact that the methods of extraction and the used solvents are not identical.

The obtained content of total phenolics (194.3 mg GAE/100 g FW) is
higher than the result of Marinova et al., who obtained 139.3 mg GAE/100 g FW
by analysing red cabbage from Bulgarian market (Marinova et al., 2005).

The HPLC analysis showed important quantities of gallic acid, ellagic acid,
procyanidin B1, m-hydroxybenzoic acid, ferulic and protocatechuic acids. The
procyanidin B2, p-hydroxybenzoic, syringic, p-coumaric, salycilic, caffeic or
sinapic acids, as well as cis- and trans-resveratrol, quercetin, morin and rutin were
not identified in our samples (data not shown).

An important part of TPC is represented by the anthocyanin pigments,
which are responsible for the specific colour of red cabbage. The obtained total
anthocyanins content is 123.15 mg cyanidin-3-glucoside/100 g FW, of which
82.59% are monomeric anthocyanins (101.71 mg cyanidin-3-glucoside/100 g
FW).

Table 2 presents the main chromatic parameters, including the CIELab
colour parameters of the hydroethanolic extract of red cabbage with a pH of 6.29.
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Table 2
Chromatic parameters of red cabbage extracts at pH 6.29
chromatic parameter value
colour density 3.02+0.08
polymeric colour 0.19+0.005
percent of polymeric colour 6.31+0.21
browning index 0.0143+0.0004
lightness (luminosity, L*) 78.66+0.57
green/red colour component (a*) 18.69+0.53
blue/yellow colour component (b*) -11.85+0.49
tone (hue angle, H*) -1.36+0.03
chroma (colour intensity, C*) 22.13+0.70

The colour density (CD) is due especially to the concentration of pigments
in solution. The obtained value (CD=3.02) is similar to the CD=2.86, obtained in
other study (Patras, 2019) dealing with red cabbage waste extracts of same
concentration (1 g plant material/10 mL hydroethanolic solvent), even if the
concentration of the extraction solution was not 60% ethanol, as in the present
study, and the plant material and all extraction procedure were different.

The small value obtained for the polymeric colour (PC=0.19) and the low
percent of polymeric colour (PPC=6.31%) confirm that monomeric phenols are
predominant in the studied extract, and not the polymerized ones (tannins) or
brown compounds. The browning index (BI) is reflecting the content in brown
compounds, and the very small value (BI=0.0143) prove the absence of products
issued from enzymatic browning.

The analysed CIELab parameters of the red cabbage’s hydroethanolic
extract at pH 6.29 explain which, exactly, are the chromatic components of the
observed magenta colour of the extract. It is known that at pH 6-7, the
predominant form of the anthocyanins is the quinonoidal base, which has a violet
colour. The lightness, clarity or luminosity of the extract (L*=78.66) is not far
from white (which has L*=100, while L*=0 has the meaning of black). The
green/red colour component, a*, prove the red nuances of the extract at pH 6.29,
as it has a positive value (a*=18.69) and it is known, according to the
International Commission on Illumination (Commission Internationale de
I’Eclairage), that positive numbers indicate red shades, while negative indicate
green shades (OIV-MA-AS2-11: R2006). The blue/yellow colour component, b*
has a negative value (b*= -11.85), which indicates blue shades, while positive
values of b* indicate yellow shades. The chroma or colour intensity, C*=22.13,
shows a rather unsaturated colour, as it is closer to 0 (which reflects completely
unsaturated colour) and not to 100 (which reflects pure colour). The hue angle,
H*= -1.36, is expressed in radians in present study, and indicates the tone of the
colour.
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CONCLUSIONS

1. The present research revealed that the red cabbage has a high content of
phenolic compounds and an important antioxidant activity.

2. The main phenols identified by the HPLC analysis are: gallic acid, ellagic acid,
procyanidin B1, m-hydroxybenzoic acid, ferulic acid and protocatechuic acid.

3. An important quantity of anthocyanins, of which 82.59% are monomeric, was
revealed.

4. The values of polymeric colour, percent of polymeric colour and browning
index confirm the preponderance of monomeric phenols in the studied red
cabbage extract and an insignificant quantity of brown compounds.

5. The CIELab colour parameters are a very useful instrument for the chromatic
characterization of the anthocyanin containing extracts, as it is known that the
colour of these pigments is highly influenced by the pH.

Acknowledgments: The author would like to thank the Francophone
University Agency (AUF).
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DYNAMICS OF VITAMIN C CONTENT DURING THE
TECHNOLOGICAL PROCESSES OF
“ROMANIAN PEPPERS IN VINEGAR” FABRICATION

DINAMICA VARIATIEI CONTINUTULUI DE VITAMINA C PE
PARCURSUL PROCESELOR TEHNOLOGICE DE FABRICARE A
PRODUSULUI ,,GOGOSARI IN OTET”
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*Corresponding author e-mail: apatras@uaiasi.ro

Abstract. The content of vitamin C in processed horticultural products is
influenced by multiple factors. Besides the factors concerning the raw material
(cultivar, climatic conditions, agricultural practices, harvesting and storage
techniques), the processing and preservation technologies are essential. The
objective of the present study is to analyse the variation of vitamin C content
during the technological processes of obtaining the product "Romanian peppers
in vinegar"”. The samples from 5 different steps of the technological flow were
supplied by a company for processing vegetables and fruits (S.C. Contec Foods
S.R.L. Tecuci), during two consecutive years. The finished product was also
analysed after storage at two temperatures (10 °C and 25 °C), by using two
different methods for vitamin C assessment. The results proved that vitamin C
content decreased by 76% during the technological flow. All technological
phases decreased the content of ascorbic acid, but the most important reduction
was registered after the thermal processing (blanching and pasteurization). The
storage of the finished product for 3 months determined the diminution of
vitamin C content: at 10 °C by 5% and at 25 °C by 14%.

Key words: ascorbic acid, technological flow, storage, temperature, Capsicum
annuum Gogoscharii

Rezumat. Continutul de vitamina C al produselor horticole procesate este
influentat de numerogi factori. In afara factorilor privind materia primd (soiul,
conditiile climatice, practicile agricole, tehnicile de recoltare si pdstrare),
tehnologiile de procesare si conservare sunt esentiale. Obiectivul prezentului
studiu este analiza variatiei continutului de vitamina C pe parcursul proceselor
tehnologice de obtinere a produsului ,, Gogosari in otet”. Probele din 5 stadii
diferite ale procesului tehnologic au fost furnizate de o companie de procesare
a legumelor si fructelor (S.C. Contec Foods S.R.L. Tecuci), pe parcursul a doi
ani consecutivi. Produsul finit a fost, de asemenea, analizat dupa pastrarea la
doua temperaturi (10 °C si 25 °C), folosind doud metode diferite pentru
determinarea vitaminei C. Rezultatele au dovedit scdderea continutului de
vitamina C cu 76% pe parcursul fluxului tehnologic. Toate etapele tehnologice
au scazut continutul de acid ascorbic, dar cea mai importantd reducere a fost
inregistratd dupa procesarea termica (blansare si pasteurizare). Pastrarea

YUniversity of Agricultural Sciences and Veterinary Medicine lasi, Romania
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produsului finit timp de 3 luni a determinat diminuarea continutui de vitamind
C:lal0°Ccub5%sila25 °C cu 14%.

Cuvinte cheie: acid ascorbic, flux tehnologic, pastrare, temperature, Capsicum
annuum Gogoscharii

INTRODUCTION

The Romanian pepper (Capsicum annuum Gogoscharii) is a sweet pepper
and a bell pepper representative only for a group of countries: Romania,
Republic of Moldova, Republic of Bulgaria, Hungary and Republic of Serbia. It
is rich in antioxidants as vitamin C, polyphenols, but also in vitamins A, B
(including By or folic acid) and iron, potassium, magnesium, zinc, selenium
(https://www.horticultorul.ro/legume/gogosarul/).

The vitamin C or ascorbic acid is necessary for the good function of human
body, and at under-normal level, metabolic disorders are registered, e.g. in the
biosynthesis of collagen, carnitine and some neurotransmitters or in the iron
absorption during digestion. Also, the immunity response is affected and the body
is more susceptible to influenza virus and to coronavirus COVID-19. This vitamin
is an important antioxidant, able to decrease the lipid peroxidation, to reduce the
inflammatory response and to manifest anticarcinogenic properties. Being a
water-soluble vitamin, it cannot accumulate as deposits in the body, so it needs to
be introduced every day from food.

We can find ascorbic acid in fresh vegetables and fruits. In peppers, there is
an important quantity of vitamin C which accumulates at early stages of
maturation and increases as the pepper reaches maturity (Marin et al., 2004). At
maturity, after harvest it registers a constant decrease during storage, which can
be delayed at lower temperature. For example, at 20-22 °C, the daily loss of
vitamin C is about 1.5%, while at 10 °C the daily diminution is around 0.8%
(Cuciureanu, 2010). It is very unstable during any technological process of food
preparation and especially at thermal processing (blanching, pasteurisation, etc.).

The present study analyses the changes in total vitamin C content during
five different phases of the technological flow of the product “Romanian peppers
in vinegar” fabrication. It also compares the ascorbic acid content in the finished
product after storage during 3 months at 10 and 25 °C.

MATERIAL AND METHOD

The studied material is represented by 5 phases of the technological flow of
“‘Romanian peppers in vinegar” fabrication: raw material (RM), washed peppers (W),
after cutting and removing inedible parts (C), after blanching with hot water at 70 °C
for 3 min (B) and the finished product, “Romanian peppers in vinegar’, after
pasteurisation by maintaining at 95 °C the inside temperature of filled and closed jar
for 15 min. From the finished product, two different samples were analysed: the
peppers (PFP) and the coating liquid (CL) represented by the vinegar solution
enveloping the peppers. In order to assess the stability of ascorbic acid in the finished
product, it was analysed after 3 months of storage at 10 and 25 °C. The samples were
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supplied during two consecutive years, by the company S.C. Contec Foods S.R.L.
Tecuci.

The total vitamin C content (TVCC) was analysed by two methods: the
titrimetric assay using 2, 6 dichlorophenol indophenol (2,6 DCFIF) (standards: ISO
6557-2: 1984 and ISO 6557-1: 1986) and the reflectometric assay (RQ) using the
Reflectoquant RQFlex from Merck (Eberhardt et al., 2000). Results were expressed
as mg/100 g fresh weight and are means of 3 determinations * standard deviation.

RESULTS AND DISCUSSIONS

Figure 1 presents the total ascorbic acid content (TVCC) during the five
phases of the technological flow of “Romanian peppers in vinegar” fabrication
(analysed by two methods and during two consecutive years).
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Fig. 1 Dynamics of ascorbic acid content during the technological flow of “Romanian
peppers in vinegar” fabrication: raw material (RM), washed peppers (W), after cutting and
removing inedible parts (C), after blanching (B), the peppers of finished product (PFP) and

the coating liquid (CL) during two different years by 2,6 dichlorophenol indophenol (2,6

DCFIF) and Reflectoquant (RQ) methods. Results are means of 3 determinations +

standard deviation

The two analytical methods (2,6 DCFIF and RQ) gave similar results with
insignificant differences. TVCC is smaller in the second year during all steps of
processing, due to the quality of the raw material, which contains 8% less vitamin
C (around 183 mg/100 g compared to 199 mg/100 g in the first year). This
variation may be the consequence of differences concerning pepper cultivar,
pedo-climatic conditions, fertilizers and used technologies, harvest procedure and
especially, the duration and conditions of storage before processing. Every
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procedure decreased the vitamin C content (fig.1): washing (W), by 15.6 — 1* year
and 18.6% - 2" year, cutting (C), by 21.1% - 1% year and 14.8% — 2" year,
blanching (B), by 31.8% - 1% year and 43.3% - 2" year, pasteurization to obtain
the finished product, by 47.8% - 1% year and 38.2% - 2™ year. As expected, the
thermal procedures (blanching and pasteurization) decreased mostly TVCC,
between 31 - 48%. The vitamin C content in the peppers of finished product had a
mean value of 46 mg/100 g (which represent about 24% of the initial TVCC) and
in the coating liquid, of 9 mg/100 g (less than 5% of initial TVCC). So, more than
71% of the initial quantity of ascorbic acid (of RM) is lost during the
technological flow.

60 :
g 0 : o ~N A
69N m Ry
0 <=4 FHQ—m“{%ﬁgj
h¥ihT Yd¥4 i o N
il | hyhs 9% 3w
s 4 4N 8 Iy L
T w X
%o
130 1l | |
o
-
< 2 4 W § i =
SRR L. 3N %
10 - | ] _gif‘ 10 fTI\_x\_ _Lo_l:_b_
PFP (L PFP, 10°C (1, 10°C PFP, 25°C (L, 25°C
JRQ1styear MWRQ2ndyear 12,6 DCFIF 1styear 2,6 DCFIF 2nd year

Fig. 2 The ascorbic acid content after 3 months of storage of the finished product at 10 and
25 °C, in the peppers of finished product (PFP) and in the coating liquid (CL) - samples
from two different years, assessed by 2,6 dichlorophenol indophenol (2,6 DCFIF) and
Reflectoquant (RQ) methods - Results are means of 3 determinations + standard deviation

The 3 months storage of the finished product diminished the TVCC of
peppers by 5.1% at 10 °C (final mean content of 43.44 mg/100 g) and by 14.2% at
25 °C (final mean content of 39.29 mg/100 g). The TVCC of coating liquid was
decreased by 7.4% at 10 °C (final mean content of 8.05 mg/100 g) and by 15.6%
at 25 °C (final mean content of 7.34 mg/100 g) (fig. 2).

Very similar results were obtained in previous study (Patras et al., 2018)
concerning the technological flow of “Cauliflower in vinegar” fabrication. It was
stated that the finished product had 22 - 25% of the initial cauliflower’s ascorbic
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acid and the most important losses were due also to blanching and pasteurization.
It is to be mentioned that the initial TVCC of cauliflower was only 70 — 74
mg/100 g, while Romanian peppers in present research have 182 — 199 mg/100 g.
The finished product “Cauliflower in vinegar” had TVCC of 16 — 18 mg/100 g
(and the coating liquid around 6 mg/100 g), while in the present study, the
“Romanian peppers in vinegar” have 44 — 47 mg/100 g (and the coating liquid 8 —
9 mg/100 g). Also, during the storage of finished product was noticed similar
behaviour (Patras et al., 2018).

Thoroughgoing studies are necessary in order to establish the detailed
evolution of vitamin C during the technological processes (including the
interconversion of different forms of ascorbic acid) and all compounds issued by
its degradation.

CONCLUSIONS

1. The vitamin C content of the raw material decreased by 76% during the
technological flow of “Romanian peppers in vinegar” fabrication (almost 5% of
the initial vitamin C was found in the coating liquid, while 71% was lost).

2. All technological phases decreased the content of ascorbic acid, but the
most important reduction was registered after the thermal processing: blanching
(31.8% - 1% year and 43.3% - 2™ year), and pasteurization for the obtaining of
finished product (47.8% - 1% year and 38.2% - 2" year).

3. The storage of the finished product for 3 months determined the
diminution of vitamin C content at both temperatures. The storage at 10 °C
decreased the ascorbic acid content in Romanian peppers by 5% and the storage at
25 °C, by 14%.

Acknowledgments: The author would like to thank the Francophone
University Agency (AUF) and the S.C. Contec Foods S.R.L. Tecuci for the
analysed samples.
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GRAVITATIONAL ANALYSES APPLIED TO PROTOBIND
1000 LIGNIN

ANALIZE GRAVITATIONALE APLICATE LA LIGNINA PROTOBIND
1000

UNGUREANU Elenalj, UNGUREANU 0.C.2, TROFIN Alina*
ARITON Adina-Mirela®, JITAREANU Carmenica Doina*, POPA V.1.*
*Corresponding author e-mail: eungureanu@uaiasi.ro

Abstract. Lignin derivative (the commercial product - Protobind 1000) offered
by the Granit Recherche Developement S.A. company, Lausanne-Schwitzerland
was synthesized from annual plants. The lignin stands out by a very large range
of applications in extremely various domains: agriculture, the pulp and paper
industry, constructions or metallurgy. The adsorption-desorption capacity, ion
exchange capacity and its catalytic properties are just a few specific
characteristics which are emphasizing the importance of harnessing the lignins.
Using the gravitational sedimentation, it can be determined in a shorter period
of time the particle dimensions comparing with the sieving method, which is a
much more complex one.

Key words: sedomentometrical analyses, Protobind 1000 lignin, density,
pycnometer, sedomentometrical curves.

Rezumat. Lignina derivativa (produsul comercial Protobind 1000) oferita de firma
Granit Recherche Developement S.A. Lausanne-Elvetia a fost sintetizata din plante
anuale. Lignina se remarcd printr-o gama largd de aplicatii Tn domenii extrem
de diverse: agricultura, industria celulozei §i hdrtiei, constructii, sau
metalurgie. Capacitatea de absorbtie-desorbtie, capacitatea de schimb ionic,
proprietdtile catalitice sunt doar cdteva repere specifice care recomanda si
evidentiazd importanta valorificarii ligninelor. Utilizand sedimentarea Tn camp
gravitational, se pot evalua intr-un timp mult mai scurt dimensiunile granulelor
comparativ cu evaluarea prin sitare, operatie ce este mult mai laborioasa.
Cuvinte cheie: analize sedimentometrice, lignind Protobind 1000, densitate,
picnometru, curbe sedimentometrice.

INTRODUCTION

In the last decades, research within the field of lignin has not sought only
perfection of extraction processes, but also elucidation of structures of products
separated from various vegetal sources, chemical characterization, reactivity,
functional properties and developing new applications. (Ungureanu et al, 2009).
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At a global level, lignin resulted from cellulose fabrication or technologies
of hydrolysis of vegetal mass can be considered as raw material with high
capitalization potential, because of its provenience from regenerating sources and
due to reduced price. Lignin is a macromolecular compound, much more active
than cellulose or other natural polymers, due to functional groups contained in its
macromolecule, constituting the main aromatic component of vegetal tissues,
standing for 20%-30% of the mass at superior plants, where it is present within
the cellular membrane and in intercellular spaces (Popa, 2015, 2016).

Due to its regeneration, capacity through photosynthesis, vegetal biomass
and its components (including lignin) will become in the future sources of raw
material with a high degree of capitalization.

Nowadays, it is important to replace synthetic wood preservatives by
more environmentally friendly natural products. Furthermore, there is an
enormous problem about the elimination of the vegetal waste from the
agricultural, forest, pulp and food industries. Thus to obtain new natural wood
preservatives from these residues is increasing (Mansouri et al, 20086).

At the same time the application of copper compounds in wood protection,
due to their fungicidal activity is known for a long time. Although such protection
is very commonly used, the mode of copper action and its way of binding to wood
are still to be established accurately. Possible binding site for copper is lignin, due
to several different functional groups present in its structure and its abundance in
wood (Ungureanu, 2011).

MATERIAL AND METHOD

The following materials have been used:

- Protobind 1000 (Pb1000), commercial lignin offered by Granit Recherché
Dévelopement Switzerland, with the following chemical characteristics
presented in table 1;

Table 1
The characteristics Protobind 1000

Characteristics (Pb1000)
Solide, % 97.5-98.6
Ash, % 1.4-1.8
pH (10 % dispersion) ~35
Densitatea, g/mL ~0.3
Aromatic OH, mmole/g 1.8-1.9
COOH, mmole/g 2.1-2.3
T softening, °C ~ 200
Solubility in furfuryl alcohol, % 40.1
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- RS-71 Tensio-tixometer gravimetric sedimentation balance;

- Steel ball crusher;

- Toluene;

- Distilled water.

Methods

- picnometer method;

- gravitational sedimentometrical method.

Work procedure: 45 g of Protobind 1000 were weighed, crushed for 30 min.
and dissolved in 1L of distilled water.

The electrostatic forces of attraction between the hydroxylic groups of the
lignin and the dipoles of the dissociated water are so powerful that a colloidal-hydric
aggregate is formed and its volume is smaller that the sum of volumes that interact
(water-lignin). Experimental data were statistically processed with the aid of the
Unscrambler application.

RESULTS AND DISCUSSIONS

Based on the standard curve (fig.1) 10 sedimentation curves were plotted
according to the dependence q(g) = f(t, s), and the experimental data are also
listed in tables.
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Fig. 1 The standard curve

10 sedimentation curves in q(mm) = f(t, s) coordinates were obtained using
RS-71 Tensio-tixometer under constant conditions (mass lignin = 45 g/L water).
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e

Fig. 2 Exemple of sedimentation curve

These sedimentation curves were also listed in table 2.
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Table 2
Parameter values of the sedimentation curves
No det. t (mm) t (sec) q (mm) q(9)
1 3 7.85 3,5 0,25
2 6 15.7 5.2 0.42
3 9 23.49 7.0 0.58
4 12 31.40 8.1 0.61
5 15 39.25 9.0 0.73
6 18 47.10 10.7 0.83
7 21 54.95 11.1 0.85
8 24 62.80 11.3 0.84
9 27 70.65 12.1 0.91
10 30 78.50 12.6 0,98
11 33 86.35 12.7 0,98
12 36 94.20 13.0 1.02
13 39 102.05 13.6 1.025
14 42 109.90 13.6 1.04
15 45 117.75 14.1 1.10
16 48 125.60 14.1 1.10
17 51 133.45 14.5 1.16
18 54 141.30 14.5 1.16
19 57 149.15 15.0 1.17
20 60 157.00 15.0 1.17

Further on it was obtained the most expected sedimentation curve plotting
the values of sediment quantity, q(g) and time t(s), for the reproductible
measurements (2, 3, 4, 5, 9) (fig. 3).

Ks)

Fig. 3 General sedimentation curve

Measurements 1, 6, 7 and 10 are not reproductible due to a non-uniform
distribution of the scattered particles obtained before the recordings (fig. 4a. and b.).
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Fig. 4 Sedimentation curves using:
a. q(g) = f(t, s) dependence b. tensio-tixometer g(mm) = f(t, min.)
dependence
Based on the general theory of sedimentation in gravimetric field of
micro-heterogeneous systems, the radius boundaries of the scattered particles in
ground lignin were evaluated. According to the determinations performed the
amount of deposited lignin was Q = 1.18 g. In order to determine the density of
lignin, the picnometer method was employed. In table 3 are presented the values
obtained experimentally by weighing or theoretically determined.

Table 3
Density of lignin measured by picnometer method
m1 (9) m2 (9) ms (9) ma (9)
13.6512 14.6512 23.0627 22.0627
13.6512 14.6514 23.0603 22.0600
13.6512 14.6502 23.0631 22.0632

m: — empty pycnometer mass; mz— pycnometer mass + solid; ms — pycnometer mass +
solid + liquid; m4 — pycnometer mass + liquid (toluene); ps - solid density

By graphical derivation of the sedimentation curve (fig.2), the
sedimentation rates were obtained at certain periods of time, t = 0, 14, 30, 70, 80,
90, 100, 105 s. These rates were used to determine various fractions radii of the

disperse system (tab. 4).
Table 4
Sedimentation rates corresponding to the most expected sedimentation curve
for the reproductible results

Time (s) Sediment quantity (g) Sedimentation rates (mm/s)

0 0 0.0360

14 0.22 0.0164

30 0.65 0.0141

70 0.91 0.0033

80 0.96 0.0029

90 1.02 0.0017

100 1.03 0.0012
105 1.04 0.0141
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Based on the resulted sedimentation rates, the particle radii of lignin were
obtained (tab. 5).

Table 5
Values of disperse particle radii of lignin obtained by sedimentation in gravitational
field
Fractions Dimension of Diameter a; Beam r; (mm)
number superior and (mm)
inferior sieve By By sedimentation
mesh (mm) rieving gravitational feils
1 1.23-1.11 1.124 0.561 -
2 1.0-0.04 0.813 0.403 0.3200 (0)
3 0.64 —0.22 0.440 0.211 0.1571 (14)
4 0.25-0.20 0.221 0.112 0.1400 (30)
5 0.21-0.126 0.162 0.0810 0.0742 (70)
6 0.17-0.11 0.131 0.0648 0.0629 (80)
7 0.10-0.08 0.098 0.0479 0.0522 (90)
8 0,08 —0.07 0.084 0.0426 0.0441 (100)
9 0.07 - 0.06 0.072 0.0362 0.0381 (105
CONCLUSIONS

1. The sedimentometrical method applied in gravitational field confirms
that the reproducibility of the experimental data depends on the uniform
distribution degree of the analyzed disperse particle.

2. In order to determine the lignin density, the picnometer method was
success fully employed.

3. The variation range of the disperse particle radius in ground lignin can
be determined either by sieving or by sedimentation in gravitational field.

4. The analysis of the values obtained for particle dimensions of
Protobind 1000 lignin using both methods leads to a general conclusion that the
obtained data are reproductible.
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HEAVY METALS: A SOURCE OF CONTAMINATION FOR
MEDICINAL PLANTS AND POSSIBLE IMPLICATIONS
TO HUMAN HEALTH
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Abstract. Due to the antioxidant properties of medicinal plants and their
beneficial effects on human health, they are used and consumed as natural
medical sources. Despite this, due to the current pollution of environmental
compartments (soil, water, air), they can be contaminated with various
pollutants. Heavy metals are a category of toxic compounds of great interest,
due to the negative action on the environment and human health. Although
some heavy metals are important in maintaining the proper functioning of
plants, in high concentrations, they can become toxic. In the context of heavy
metal pollution of the environment and possible contamination of medicinal
plants with these pollutants, the need for chemical analysis of toxic plant
compounds is necessary. This paper approaches results from literature which
show that medicinal plants can be subjected to contamination with heavy
metals, and this has the consequence of altering the normal functions of
medicinal plants. Moreover, following consumption through the food chain (soil
- plant - human or soil - plant - animal - human), human health may be
endangered. This paper also investigates the toxic action of heavy metals in
plants, represented, in principle, by the production of reactive oxygen species
(ROS), enzyme inhibition and damage to antioxidants.

Key words: abiotic stress, heavy metals, human health risks, pollution, reactive
oxygen species

Rezumat. Datorita proprietdtilor antioxidante ale plantelor medicinale si
efectelor benefice asupra sandtatii umane, ele sunt utilizate §i consumate ca
surse medicale naturale. In ciuda acestui fapt, datoritd poludrii actuale a
compartimentelor de mediu (sol, apa, aer), acestea pot fi contaminate cu diversi
poluanti. Metalele grele sunt o categorie de compusi toxici de mare interes,
datorita actiunii negative asupra mediului si a sanatagii umane. Desi unele
metale grele sunt importante in mentinerea bunei functionari a plantelor, in
concentratii mari, ele pot deveni toxice. In contextul poludrii cu metale grele a
mediului si a eventualei contamindri a plantelor medicinale cu acesti poluanti,

1“Gheorghe Asachi” Technical University of lasi, Romania
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este necesara analiza chimica a compusilor toxici ai plantelor. Aceasta lucrare
abordeaza rezultatele din literatura de specialitate care arata ca plantele
medicinale pot fi supuse contaminarii cu metale grele si acest lucru are drept
consecinta modificarea functiilor normale ale plantelor medicinale. Mai mult,
in urma consumului prin lantul alimentar (sol - planta - om sau sol - planta -
animal - om), sandtatea umand poate fi pusda in pericol. Aceastd lucrare
investigheazd, de asemenea, actiunea toxica a metalelor grele din plante,
reprezentatd, in principiu, de producerea de specii reactive de oxigen (ROS),
inhibarea enzimelor §i deteriorarea antioxidantilor.

Cuvinte cheie: stres abiotic, metale grele, riscuri pentru sanitatea umana,
poluare, specii reactive de oxigen

INTRODUCTION

As a result of pollution, environmental compartments (soil, water and air)
are subjected to contamination with various pollutants. Heavy metals are an
important category of pollutants with negative effects for the environment and
also for the human health. Medicinal plants received a special interest in research
due to the complexity of the fields of use in medicine, aromatherapy, perfumes
and cosmetics. Phytochemicals contained in medicinal plants, such as
polyphenols, tannin, flavonoid and ascorbic acid are functional elements for many
human diseases (diabetes and its complications). They have a low cost and, due to
their antioxidant and antimicrobial properties, are of great interest for their use as
synthetic compounds in pharmaceuticals, perfumery or cosmetics (Neagu et al,
2018; Zhi et al., 2020).

Although medicinal plants contain natural compounds that have effects on
the healing process and have the potential to reduce and inhibit inflammatory
processes (Ghuman et al., 2019), their development in environments contaminated
with heavy metals may reduce the beneficial effect of their use. Heavy metals
produce negative changes in the structure of the plant, and by entering into the
food chain, human health can be endangered (Asiminicesei et al., 2020; Lajayer et al.,
2017).

Considering the above information, the objectives of this paper are: (i) to
identify the response of medicinal plants to heavy metal stress, (ii) to show the
antioxidant properties of medicinal plants and (iii) make an overview on the
implications to human health due to contaminated medicinal plants.

HEAVY METALS STRESS AND THE RESPONSES OF MEDICINAL
PLANTS

Although some metals, in low concentrations, are essential for plant growth
(Zn, Cr, Mn, Cu), others even in insignificant amounts can be toxic for plant
growth and development (Pb, Cd, As, Ni). Negative effects of heavy metals on
plants include damage to antioxidants, accumulation of reactive oxygen species
(ROS) and enzymatic inhibition (fig. 1). As a result of the contact between the
plant and the heavy metal, the metabolic activity of the plant intensifies and

36



LUCRARI STIINTIFICE SERIA HORTICULTURA, 63 (1) /2020, USAMV IASI

physiological changes occur to combat the toxic action of metals (Anyanwu et al.,
2018) (tab. 1).

Damage to + Apoptosis (cell death)

antioxidants

* Loss of DNA repair mechanism

Heavy ROS (protein)
metals production . Irpp_aired membrane permeability
(lipids)
* Protein dysfunctions
Enzymatic
inhibition

+ Alteration of biological functions
Fig. 1 Heavy metal damage to plant cell

Table 1
The physiological and chemical response of medicinal plants subjected to heavy
metals stress (Adapted upon Maleki et al., 2017)

Medlcma_l plant Heavy Concentration Effects
species metal
Allium sativurm L. Cd 1072-107M Reduction of plant growth
(garlic)
Portulaca oleracea C
(fat grass) Se, Hg 0.1-5ppm Shoot and root inhibition
Ocimum Reductions in protein,
tenuiflorum Cr 10-100pM photosynthetic pigments,
(holy basil) cistein
500, 600, 750,900
Pb 1
Ocimum basilicum mgkg
- 270, 300, 500,700 Raising of essential oils
L. (basil) Cu 1
mgkg
Cd 6, 10, 20, 30mgkg™’
. 900, 1800, 3600, 7200,
Mentha crispa Pb and 9000 Raising of essential oils
(spearmint) 1
mgkg
Mentha spicata L. 1 Change in the composition of
(spearmint) Cd 6,10, 20, 30mgkg essential oils
Hypericum Produces a decrease in the
perforatum(yellow Ni 25 and 50mM concentration of hypericin and
rattle) pseudohypercine
Matricaria Pronounced decrease
chamomilla Cd 60 and 120uM in chlorophyll and water
(chamomile) in the leaves

Some plants use certain defense strategies against the toxic action of
metals, including the accumulation of secondary metabolites, but this depends on
the metal concentration with whom the plant interacts, as well as the plant species
(Maleki et al., 2017).

37



LUCRARI STIINTIFICE SERIA HORTICULTURA, 63 (1) /2020, USAMV IASI

ANTIOXIDANT PROPERTIES OF MEDICINAL PLANTS

It is well known that medicinal plants are used worldwide as natural
medical sources due to their antioxidant properties and significant amounts of
nutrients and are used as a remedy for diseases caused by oxidative stress (aging,
Parkinson's disease, certain disorders of cognitive function) (Alzoubiet al., 2020;
Mani et al., 2017; Shabanet al., 2016).Antioxidants support human health, and they
are nutrients that can delay certain cellular degradation caused mainly by the
effect of free radicals, and consist of a complex of nutrients that can reduce the
toxic effects of free radicals (Alok et al., 2014; Mauricette et al., 2018) (fig. 2).

The main compounds synthesized by medicinal plants are secondary
metabolites (such as alkaloids, terpenoids or phenolic compounds), and they
provide to medicinal plants anti-inflammatory, anti-cancer and antioxidant
properties (Moreira de Almeida et al., 2020).

Research has shown that herbs have a significant antioxidant activity.
Herbal antioxidants have major properties against cellular diseases. For example,
silymarin found in Silybummarianum is a liver antioxidant that protects the liver
from pharmaceutical damage or alcohol. Nature is a good "medicine" for all the
diseases that mankind faces, and medicinal plants have an important and vital role
in terms of antioxidant properties. Thus, the undesirable effects of modern
medicine have turned many people's attention to herbal medicines (Alok et al.,
2014).

& Free radicals % - Oxidative stress
Medicinal

plants Antioxidants

% - Reactive oxygen
species (ROS)

Fig. 2 Antioxidant properties of medicinal plants

IMPLICATIONS OF MEDICINAL PLANTS CONTAMINATION TO
HUMAN HEALTH

The interaction between medicinal plants and soils contaminated with
heavy metals leads to the assimilation of essential metals by active absorption,
while by ion exchange between roots and water or roots-soil, non-essential metals
(heavy metals) can penetrate the plant cells (Akinci et al., 2019; Diaconu et al., 2020;
Hasan et al, 2019). Once inside plants, heavy metals can reach the human body
through consumption. Harvesting medicinal plants from areas subject to heavy
metal contamination, for example from areas with heavy road traffic or from
long-term irrigated areas with wastewater, or from areas where the chemical
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composition of the soil is unknown, favors the entry of toxic compounds into the
human body (Wang et al., 2017; Zhang et al., 2019).

Despite the fact that medicinal plants bring many health benefits due to
their antioxidant properties, through contamination with heavy metals, they can
become a source of risk to human health (Asiminicesei et al., 2020). The penetration
of heavy metals into the body triggers a number of health risks, including lung
cancer, gastrointestinal cancer, kidney damage and liver disease, epigenetic
changes, genetic mutations (Liu et al., 2018). For example, the entry of lead into the
body can affect the central nervous system or the respiratory system (Abdul et al.,
2015).

CONCLUSIONS

Although medicinal plants are a significant source of compounds beneficial
to human health, they can pose health risksthrough their contamination with
heavy metals. Some heavy metals are important as micronutrients for the proper
functioning of plants, but in high concentrations they become toxic, moreover,
some metals are extremely toxic even in low concentrations. Heavy metals
produce negative effects on the structure of medicinal plants, and these include
damage to antioxidants, ROS production or enzyme inhibition.In this way, by
entering into the food chain, human health can be endangered.

Acknowlegments: This work was supported by the Romanian Ministry of
Education and Research, CNCS - UEFISCDI, project number PN-III-P1-1.1-TE-
2019-1200 contract no. 120/2020.
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PALYNOLOGICAL FEATURES AND POLLEN
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Abstract. Palynology is a field of research on pollen and plant spores. Pollen
research provides phylogenetic evidence in plant systematics. In this study are
reported the main palynological features of a genotype known in the culture of
ornamental plants, namely Hyacinthus orientalis. Respective palynological
determinations concerned: shape, color of pollen grains, ornamentation of
exine, size of pollen grains, number of germination pores/pollen grain. In
connection with these determinations, the germination potential was tested on
nutrient mediums with different carbohydrate compositions. In this regard, the
effects of sucrose and glucose in different concentrations on pollen germination
rates were investigated. Hyacinthus orientalis pollen has been shown to prefer
15% sucrose, when percentage of germinated grains was 95%, a percentage
that is maintained for the next 96 hours. Glucose were suboptimal for pollen of
this genotype. The results of this experiment provide useful information in
taxonomy of genus Hyacinthus and in ornamental plant breeding.

Key words: Hyacinthus orientalis, pollen grain, nutritive medium, pollen
germination

Rezumat. Palinologia este domeniul de cercetare al polenului si sporilor
plantelor. Cercetarile asupra polenului  furnizeaza dovezi filogenetice in
sistematica plantelor. Tn prezentul studiu sunt relatate principalele
particularitati palinologice ale unui genotip cunoscut in cultura plantelor
ornamentale, §i anume Hyacinthus orientalis. Respectivele determinari
palinologice au vizat: forma, culoarea granulelor polinice, ornamentayia exinei,
dimensiunea granulelor de polen, numdrul porilor germinativi/granula de
polen. Corelat cu aceste determinari s-a procedat la testarea potentialului
germinativ pe medii nutritive cu compozifii glucidice diferite. Tn acest sens au
fost investigate efectele zaharozei si ale glucozei in diferite concentratii asupra
ratelor de germinare a polenului. S-a demonstrat ca polenul de Hyacinthus
orientalis prefera medii nutritive imbogatite cu 15% zaharozd, cand procentul
granulelor germinate a fost de 95%, procent care se mentine §i in urmdtoarele
96 ore. Glucoza a fost suboptimala pentru polenul acestui genotiop. Rezultatele
prezentului experiment oferd informatii utile in taxonomia genului Hyacinthus
si in ameliorarea plantelor ornamentale.

Cuvinte cheie: Hyacinthus orientalis, granulde polen, mediu nutritiv,
germinarea polenului
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INTRODUCTION

Palynology is the study of pollen and spores. Pollen grains and spores have
certain features, which provide important information for inferring the
phylogenetic relationships of plants. Also, the features of pollen grains and spores
help identify a particular plant taxon. Furthermore, these features it has been
shown to have great benefit to the criminal investigator (Adams-Groom B., 2012;
Adams-Groom B., 2015). Pollen grains are unique for each vegetable taxon, having
a certain shape, size, ornamentation of the exine (Erdman, 1952).

Hyacinthus is a monocot genus of bulbous plants, native to the eastern
Mediterranean. Hyacinthus orientalis L. is among the few species of this genus, is
rare in the wild but common in the cultured landscape. This species has not only
decorative value, but is also an important source of pollen and nectar for
supporting valuable pollinators, such as Apis mellifera and Bombus spp. in early
spring (Bozek , 2019).

Researchs about Hyacinthus orientalis pollen focused on the synthesis of
RNA and proteins in vegetative and generative cells during the maturation of
pollen grains, demonstrating that the rhythm of these syntheses is more
accentuated in vegetative cell (Bednarska, 1984). Zienkiewicz K. et al. (2008a) deepen
this researchs and confirms that transcriptional activity is more intense in
vegetative cells in young pollen grains of Hyacinthus orientalis and decreases in
mature pollen grains, reaching a minimum before anthesis. Using labeled antigens
it has been shown that organization of splicing machinery elements during
Hyacinthus orientalis pollen grain development undergoes spatial changes in the
two pollen cells (zienkiewicz et al., 2008b).

The present study aims to clarify the main palynological features and the
degree of fertility in Hyacinthus orientalis pollen.

MATERIAL AND METHOD

The biological material was represented by the fresh pollen of Hyacinthus
orientalis. For to determine the pollen features palynological, was evaluated: shape of
pollen grains, exine sculpturing, size of pollen grains and number of germinative
pores/pollen grain. For determining the shape of pollen grains, the apertures, the
exine sculpturing, we have used the Oxion light microscope, at which we took
microphotographs. For determining the size of pollen we did micromeasurements at
1000 pollen grains. The values obtained were statistically processed, resulting the
biostatistics indexes. For establishing the number of germinative pores/pollen grain,
we have done determinations on 1000 pollen grains. The method was based on
introducing the pollens in a mixture of sulphuric acid and acetic acid.

The germination capacity of pollen was determined used the hanging drop
method (Stanley and Linskens,1985). The nutrient mediums were prepared from
distiled water in which two types of carbohydrates were dissolved: sucrose and
glucose, in different concentrations. The type of carbohydrate and its concentration in
distilled water contributed to preparing 12 experimental variants of mediums: sucrose
enriched mediums: 5%, 15%, 25%, 50%, 70%, 100%; glucose enriched mediums:
5%, 15%, 25%, 50%, 70%, 100%. Along with the 12 variants of mediums with added
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carbohydrates, a variant of medium without carbohydrates was prepared, label 0%.
For each experimental variant, we have used 8 “wet rooms”. The amount of inoculated
pollen per each medium drop was the same in all cases. Readings at the Oxion optic
microscope were done at 2, 24, 48, 72, 96 and 120 hours since the pollen inoculation
in mediums, thus being established the percent dynamics of the germination capacity.
The germination capacity was expressed as percentage, by reporting the number of
germinated grains to total pollen grains.

RESULTS AND DISCUSSIONS

The palynological features of Hyacinthus orientalis L.
The pollen of is Hyacinthus orientalis elliptical, pale yellow color (fig. 1-
left). The exine is reticulata (fig. 1- right).

Fig. 1 The shape of pollen grains and the exine sculpturing of Hyacinthus orientalis:
400X(left); 1000X (right) (Original)

The pollen of Hyacinthus orientalis is monoporate, namely each pollen
grain has only one germinative pore sheltered by an a single aperture (fig. 2). The
presence of only one germinative pore/pollen grain is characteristic for all
liliopsids species.

Fig. 2 Pollen grain to which is indicated the only germinative pore (1000X) (Original)

These palynological data about Hyacinthus orientalis pollen are in
accord to SEM pollen images selected of British flora
(https://www.worldplants.ca/documents/books/Pollen%20Project_web_Part2.pdf).

The size of pollen grains was estimated by measuring the two pollen axes.
The polar axis has an average of 71.64 um and the equatorial axis is 33.19 pm.
The ratio between the two polinic axes is 2.16 um. The coefficient of variation
(s%) indicates low variability for both axes (tab. 1).
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Table 1
Variability of pollen grain size in Hyacinthus orientalis

Mean Maximum | Varati- Rati

Type of | Minimum | on S o S; a/'o
axis value | value (um) vaiue height | (um) % P/E
(um) (um) M | (um)
(um)

Polar 71.64 51.75 82.80 31.05 | 4.99 | 6.97 | 0.69
axis (P) 216
Equatorial | 45 19 24.15 41.40 1725 | 337 | 102 | 1.02
axis (E)

The germination capacity of Hyacinthus orientalis pollen

The germination capacity of hyacinth pollen was tested on two categories
of nutrients mediums which differs by the type of carbohydrate as mentioned in
the section “Material and Method”.

After 2 hours from inoculation of pollen on mediums, pollen germinated in
high proportions on mediums with 15% carbohydrates, namely: 72% germinated
pollen grains on sucrose and 50% on glucose. On mediums with 25%
carbohydrates were registered: 20% germinated pollen grains on sucrose and 15%
on glucose. On carbohydrate deficient mediums (0%, 5%), germination was very
low. Mediums with 50-100% carbohydrates have not yet allowed the germination
process to start (figs. 3 and 4).

After 24 hours from inoculation, germination percentages of pollen
increased considerably, especially on mediums with 15% carbohydrates (95% on
sucrose, respectively 61% on glucose). Among the glucose averages, the one with
25% offered higher chances (85%) for hyacinth pollen germination. The pollen
also germinated on mediums with 50% and 70% carbohydrates, but at lower
levels compared to the mediums with 15% and 25% carbohydrates. On low-
carbohydrate mediums, germination rates remain low (3%), while on the most
carbohydrate-rich mediums (100%), germination has not yet begun (figs. 3 and 4).

48 hours after pollen inoculation, we constate that are increases in
germination rates on mediums with 15-70% carbohydrates. In all cases,
germination on sucrose was higher than on glucose. Even on medium with 100%
sucrose, 10% germinated pollen was registered, but not on glucose (figs. 3 and 4).

After 72 hours from inoculation, germination rates increase especially on
mediums with 50-70% carbohydrates (figs. 3 and 4).

After 96 and 120 hours from inoculation, germination rates remain
approximately constant compared to the previous interval, with specification that
on mediums with 70%, germination rates decreases slightly (figs. 3 and 4).

The dynamics of germination during the 120 hours of analysis, show that in
the first 24 hours after pollen inoculation occurs a significant increase in
germination rate on most mediums variants (figs. 3 and 4).

In case of sucrose mediums, the highest levels of pollen germination were
supported by variants of the mediums with 15% and 25%, when the percentage
values reached 98% and 90%, respectively. The germination capacity high of
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pollen in Hyacinthus orientalis is a proof that polinic meiosis at this genotype is
normale and the male gametes are genetically well balanced.

In case of glucose mediums, profile of germination dynamics in the same
time interval is somewhat irregular, however it indicates that the best of these is
the with 15% glucose, which insured about 90% germinated pollen.

Hyacinth’pollen does not germinate optimally on hypotonic mediums (0%,
5% carbohydrates), nor on hypertonic mediums (50% - 100% carbohydrates). It
should be noted that on medium with 100% glucose, pollen of this genotype did
not germinate at all.

From these determinations, in addition to the information already
presented, we extract another one, namely that the hyacinth pollen is viable for at
least 120 hours. Research on the vitality of pollen in certain varieties of
Hyacinthus orientalis shows that this one it is lost after 9 days of storage at room
temperature, while storage for 12 days between 4 °C and -20 °C ensures a
germination of over 20% (Li et al., 2010).
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Fig. 3 The germination dynamics of pollen in Hyacinthus orientalis on sucrose mediums
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Fig. 4 The germination dynamics of pollen in Hyacinthus orientalis on glucose mediums
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CONCLUSIONS

1. Palinological features for Hyacinthus orientalis comply with those
reported in the literature.

2. Size of Hyacinthus orientalis pollen grains have one smalle variability,
which means that it is homogeneous. This characteristic is closely correlated in
positive sense, with the germination capacity of pollen.

3. Hyacinthus orientalis pollen germinates at maximum level (98%) if the
germination medium is enriched with sucrose in a concentration of 15%, at most
25%.

4. Sucrose is preferred to glucose for the optimal development of the male
hyacinth gametophyte. This aspect proves that sucrose is more energy efficient
than glucose, ensuring the optimal energy for hyacinth pollen in the germination
process.

5. Our investigations have demonstrate that Hyacinthus orientalis pollen
has a viability of at least 5 days (120 hours) at room temperature. This aspect can
be taken into account for hybridization works in order to create new varieties
within this species.
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DYNAMICS OF POLLEN TUBE GROWTH IN
HYACINTHUS ORIENTALIS L.

DINMICA CRESTERII TUBULUI POLINIC DE
HYACINTHUS ORIENTALIS L.

PADUREANU Silvica™
*Corresponding author e-mail: silvyp27@yahoo.com

Abstract. The pollen tube is essential for sexual reproduction of plants,
as it ensures the delivery of male gametes cells into ovule. Edification of
pollen tube by elongation of vegetative cell from pollen grain, growth
rate of pollen tube, its response to orientation signals to ovule
micropyle and to other extracellular factors are fascinating aspects of
pollen biology, which recommend pollen tube as a model for studying
the behavior of plant cells. This study focuses on dynamics of in vitro
growth of pollen tube of Hyacinthus orientalis on nutrient mediums with
different carbohydrate compositions. 15% sucrose medium ensured
growth of the longest pollen tubes exceeding 5000 um just 24 hours after
inoculation. Those pollen tubes increased at least another 96 hours, but
at low rates, remaining viable. Pollen tubes grown on glucose mediums
were significantly shorter, not exceeding 1080 um. The length of pollen
tube indicates its efficiency in fertilizing ovule.

Key words: Hyacinthus orientalis, nutritive medium, pollen tube,
dynamics growth

Rezumat. Tubul polinic este esential pentru reproducerea sexuald a
plantelor, acesta asigurdnd livrarea gametilor masculini in ovul.
Edificarea tubului polinic prin alungirea celulei vegetative din granulul
de polen, rata de crestere a tubului polinic, raspunsul acestuia la
semnalele de orientare catre micropilul ovulului si la altfi factori
extracelulari sunt aspecte fascinante ale biologiei polenului, care
recomanda tubul polinic ca model pentru studiul comportamentului
celulelor vegetale. In prezentul studiu se focalizeazd dinamica cresterii
in vitro a tubului polinic de Hyacinthus orientalis pe medii nutritive
diferite prin glucidul din compozitie. Mediul cu 15% zaharoza a
asigurat cregterea celor mai lungi tuburi polinice care depdsesc 5000
um la doar 24 ore de la inoculare. Respectivele tuburi polinice au
crescut inca cel putin 96 ore, insda cu rate scazute, ramdndnd viabile.
Tuburile polinice crescute pe mediile cu glucoza au fost semnificativ mai
scurte, nedepasind 1080 um. Lungimea tubului polinic indica eficienta
acestuia in fertilizarea ovulului.

Cuvinte cheie: Hyacinthus orientalis, mediu nutritiv, tub polinic,
dinamica cresterii
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INTRODUCTION

The pollen tube of flowering plants grows in length at its tip to reach an
ovule where it delivers two nonmotile male gametes during double fertilization
and initiate seed development. The mechanism of guiding the pollen tube in stylar
tissue can be explained by the fact that pollen tubes respond to chemoattractants
secreted by unfertilized ovules (Yetisen et al., 2011). Pollen is considered an
excellent model for the study of gene expression and the growth process of the
pollen tube, given that its genome is haploid (Johnson et al., 2019).

Molecular studies using immunofluorescence techniques have shown that
transcriptional resumption and pre-mRNA maturation occur during the growth of
the pollen tube of Hyacinthus orientalis, compared to the anthesis stage of pollen
(zienkiewicz et al., 2006, 2008). In the pollen tube, the sperm nuclei of Hyacinthus
orientalis have an intense transcriptional activity that ends before fertilization
(zienkiewicz et al., 2011).

The aim of this paper is to highlight the peculiarities of dynamics' growth
of the pollen tube in Hyacinthus orientalis, as well as the influence of the nutritive
medium on it. These investigations also contribute to the completion of the
knowledge about sexual reproduction of this genotype known as a valuable
ornamental plant, with a short flowering period.

MATERIAL AND METHOD

The biological material is represented by the fresh pollen of Hyacinthus
orientalis L. For to determine the dynamics of pollen tube growth, we have used the
hanging drop method (Stanley and Linskens, 1985). The nutrient mediums were
prepared from distilled water in which two types of carbohydrates were dissolved:
sucrose and glucose, in different concentrations. The type of carbohydrate and its
concentration in distilled water contributed to preparing 12 experimental variants of
mediums: sucrose enriched mediums: 5%, 15%, 25%, 50%, 70%, 100%; glucose
enriched mediums: 5%, 15%, 25%, 50%, 70%, 100%. Along with the 12 variants of
mediums with added carbohydrates, a variant of medium without carbohydrates was
prepared, label 0%. For each experimental variant, we have used 8 “wet rooms”. The
amount of inoculated pollen per each medium drop was the same in all cases. Were
made micromeasurements for determining the dynamics for the extension of pollen tubes.
In this respect, the readings at microscope were done at 2, 24, 48, 72, 96 and 120 hours
since the pollen inoculation on nutritive mediums. The data shown represent
arithmetic averages obtained from 8 readings/nutritive medium variant/time interval.

Micromeasurements of pollen tube length were recorded directly by an ocular
micrometer fitted to the eyepiece on microscope based on micrometer scale (um).
The length of the pollen tube was expressed by micrometers (um). For pointing out the
characteristics of pollen tubes from this genotype, photographs were taken at Oxion
optical microscope.

To determine the length of floral style, it was calculated an average by measuring
of 100 style from 100 flowers of Hyacinthus orientalis, using the binocular magnifying
glass Bel photonics.
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RESULTS AND DISCUSSIONS

Two hours after pollen inoculation, the first pollen tubes appeared, only on
mediums with 0% - 25% carbohydrates. The longest are the pollen tubes formed
on mediums with 15% sucrose (428 pm), and the shortest ones on mediums
without carbohydrates (12 um) (fig. 1, fig. 2).
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Fig.A2 Dynamics of average length of the pollen tube in Hyacinthus orientalis on glucose
mediums

At 24 hours after inoculation, the pollen tubes increase significantly in
length, especially by on 15% sucrose, when the average length exceeds 5000 um.
There are large differences between the length of pollen tubes grown on sucrose
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mediums and those grown on glucose mediums, in favor of those on sucrose
mediums (fig. 1, fig. 2).

48 hours after pollen inoculation, pollen tubes grown on sucrose mediums
are found to increase in length, but not significantly. The longest tubes are
supported by the medium with 15% sucrose. In case of pollen tubes grown on
glucose mediums, the situation is different, in sense that they are much shorter
than those grown on sucrose mediums. Moreover, some pollen tubes underwent
resorption on mediums with 5%, 15% and 25% glucose. Of the glucose mediums,
only the 25% glucose variant supports the longest pollen tubes, but they are much
shorter than those developed on the 25% sucrose medium (fig. 1, fig. 2).

After 72 hours from inoculation, the evolution of increase in length of the
pollen tubes does not differ much from previous time interval. Tubes grown on
sucrose mediums grow insignificantly, the longest being those increased on
sucrose 15% (7 6000 pum), and the shortest being those increased on sucrose 5%
(375 um). Glucose mediums continue to be suboptimal for the increase in length
of hyacinth pollen tubes. Even 72 hours after inoculation, pollen tubes grown on
glucose mediums have no lengths comparable to those on sucrose. On the
contrary, there are regressions of their length due to degeneration by breaking
them at the tip. There is a slight increase in the tubules on the media with 50%
and 70% glucose. Medium with 100% glucose does not allow the growth of any
pollen tubes (fig. 1, fig. 2).

96 hours after inoculation, pollen tubes of Hyacinthus orientalis are still
viable in both categories of nutritive mediums.The tubes grown on sucrose
mediums are still elongating, but at insignificant speeds compared to the previous
interval. The pollen tubes grown on glucose remain significantly shorter than
those grown on sucrose (fig. 1, fig. 2).

120 hours after inoculation, hyacinth pollen tubes, especially those grown
on sucrose mediums, are still viable, whole. The nutritive medium with 100%
glucose did not allow the growth of pollen tubes even after five days from pollen
inoculation (fig. 1, fig. 2).

The dynamic analysis of the growth of pollen tube of H. orientalis during
the 120 hours of observation highlights the following aspects (fig. 1, fig. 2).

In the first 24 hours after pollen inoculation on nutrient mediums, was the
most significant increase in pollen tubes, on most mediums variants, but with
different rates.

Mediums with 0%, 5% and 100% carbohydrates (sucrose and glucose)
were inhibitory mediums for the growth of hyacinth pollen tubes.

Mediums enriched with 50% and 70% carbohydrates proved to be
suboptimal mediums because they do not allow the normal elongation of pollen
tubes of H. orientalis.

The 15% sucrose medium has been shown to be optimal for expressing the
maximum growth potential of H. orientalis pollen tubes. On this medium, the
pollen tubes reached over 6000 pum in length.
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Of the nutrient mediums with glucose, only that with 25% concentration
supported the longest pollen tubes (about 1000 um in length).

Analysis of the growth dynamics of hyacinth pollen tubes shows that
hypotonic (0-5% carbohydrates) and hypertonic (50-100% carbohydrates)
mediums are suboptimal for egg fertilization.

The optimal mediums for growing hyacinth pollen tubes are those with
15% and 25% carbohydrates, but the type of carbohydrate matters a lot. So 15%
sucrose is much better for hyacinth pollen than 15% and 25% glucose.

Pollen quality is ensured by two parameters: germination capacity and
pollen tube length. The pollen tube must be long enough to reach the ovule, to
which it will deliver the two sperm cells. In this sense, the normal length of pollen
tube is in direct correlation with length of the flower style and ovary which it
penetrates to reach the ovule (Harder et al., 2016). In H. orientalis, the average
length of style is 1.62 mm, and that of ovary 3.54 mm (original dates) (fig. 3).
Considering the length of style and ovary of pistil, it follows that the pollen tubes
in H. orientalis, in order to reach ovules, must be at least 5000 pm long.

Fig. 3 The floral style and ovary of Hyacinthus orientalis measured by binocular loupe. A
division = 1 millimeter (Original)

In figure 4 are presented aspects of pollen tubes of H. orientalis grown on
mediums with 15% sucrose.
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Fig. 4 Hyacinthus orientalis pollen tubes formed after 2 hours (left) and 24 hours (right) on
medium with 15% sucrose from inoculation on nutritive medium (100x) (Original)
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CONCLUSIONS

1. The present experiment showed that the length of pollen tubes varies
depending on three factors: the type of carbohydrate in nutritive medium, the
concentration of carbohydrate in nutritive medium and the time elapsed since the
inoculation of the pollen on nutritive medium.

2. Sucrose has been shown to be preferred to glucose for the optimal
development of the male gametophyte in Hiacynthus orientalis. This fact suggests
that the energy required for pollen tube growth of hyacinth can be provided by
successfully supplied by sucrose which is much more efficient than glucose.

3. The optimal concentration of sucrose required to express the maximum
length of the pollen tube of Hyacinthus orientalis is 15%.

4. The time required for Hyacinthus orientalis pollen tube to reach the
optimal length that allows it to reach the ovule is 24 hours.

5. Hyacinthus orientalis pollen tubes are viable for at least 120 hours from
the time of their construction.

REFERENCES

1. Harder L.D., Aizen M.A., Richards S.A., Joseph M.A., Busch J.W., 2016 - Diverse
ecological relations of male gametophyte populations in stylar environments. Am. J.
Bot., 103(3), p. 484-497.

2. Johnson M.A., Harper J.F., Palanivelu R., 2019 - A Fruitful Journey: Pollen Tube
Navigation from Germination to Fertilization. Annu. Rev. Plant Biol, 70, p. 809-837.

3. Stanley R.G., Linskens H.F., 1985 - Pollen biologye, biochemie, gewinnung und
verwendung urs freund verlag. Greifenberg Ammersee, p. 349.

4. Yetisen A.K., Jiang L., Cooper J.R., Qin Y., Palanivelu R., Zohar Y., 2011 - A
microsystem-based assay for studying pollen tube guidance in plant reproduction.
J. Micromech. Microeng. 21(5) 054018.

5. Zienkiewicz K., Smolinski D.J., Bednarska E., 2006 - Distribution of poly(A) RNA and
splicing machinery elements in mature Hyacinthus orientalis L. pollen grains and
pollen tubes growing in vitro. Protoplasma, 227, p. 95-103.

6. Zienkiewicz K., Zienkiewicz A., Rodriguez-Garcia M.l.,, Smolinski D.J., Swidzinski
M., E. Bednarska E., 2008 - Transcriptional activity and distribution of splicing
machinery elements during Hyacinthus orientalis pollen tube growth. Protoplasma
233, p. 129-139.

7. Zienkiewicz K., Suwinska A., Niedojadto K., Zienkiewicz A., Elzbieta Bednarska E.,
2011 - Nuclear activity of sperm cells during Hyacinthus orientalis L. in vitro pollen
tube growth. Journal of Experimental Botany, 62(3), p.1255-1269.

52


http://www.amjbot.org/search?author1=Lawrence+D.+Harder&sortspec=date&submit=Submit
http://www.amjbot.org/search?author1=Marcelo+A.+Aizen&sortspec=date&submit=Submit
http://www.amjbot.org/search?author1=Shane+A.+Richards&sortspec=date&submit=Submit
http://www.amjbot.org/search?author1=Michael+A.+Joseph&sortspec=date&submit=Submit
http://www.amjbot.org/search?author1=Jeremiah+W.+Busch&sortspec=date&submit=Submit

LUCRARI STIINTIFICE SERIA HORTICULTURA, 63 (1) / 2020, USAMV IASI

THE INFLUENCE OF CHEMICAL TREATMENTS
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Abstract. The Ostrinia nubilalis Hbn. species it is one of the pests specific to the
maize crop that produces production losses in terms of quality and quantity. At
A.R.D.S. Secuieni, in 2019, researches were conducted regarding the
application of chemical treatments to reduce the attack produced by the
Ostrinia nubilalis Hbn. larvae to maize sown in different epochs. The results
obtained regarding the influence of the interaction between the sowing epoch
and the treatments applied on the vegetation on the attack produced by the
european corn borer larvae indicated that regardless of the sowing epochs, the
variant where it was applied cyantranyliprole had the lowest percentage of
attacked plants. The influence of the interaction of the two factors (epoch and
treatment) also materialized by reducing the average number of holes and
larvae/plant, highlighting with the best results, the variants sown in the third
epoch, where chemical treatments ensured a good protection of maize plants.
Key words: european corn borer, chemical treatments, swoing epoch, maize,
attack

Rezumat. Specia Ostrinia nubilalis Hbn. este unul dintre daundtorii specifici
culturii de porumb care produce pierderi de productie din punct de vedere
calitativ i cantitativ. Tn condisiile anului 2019 la S.C.D.A. Secuieni, s-au
efectuat cercetari privind aplicarea unor tratamente chimice pentru reducerea
atacului produs de larvele speciei Ostrinia nubilalis Hbn. la porumbul semdnat
n diferite epoci. Rezultatele obyinute privind influenta interactiunii dintre epoca
de semdnat si tratamentele aplicate pe vegetatie asupra atacului produs de
larvele de sfiredelitorul porumbului au indicat faptul ca, indiferent de epoca de
semdanat, varianta unde s-a aplicat substanfa activa cyantranyliprole a
nregistrat cel mai redus procent al plantelor atacate. Influenta interactiunii
celor doi factori (epoca si tratament) s-a materializat si prin reducerea
numarului mediu de orificii si larve/planta, evidentiindu- se cu cele mai bune
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rezultate, variantele semdnate in epoca a treia, unde tratamentele chimice au
asigurat o protectie buna plantelor de porumb.

Cuvinte cheie: sfredelitorul porumbului, tratamente chimice pe vegetatie, epoca
de semanat, porumb, atac

INTRODUCTION

The species Ostrinia nubilalis Hbn is a polyphagous pest, adults show
sexual dimorphism. Females lay clustered eggs covered with wax on the
underside leaves to protect them from climatic variations and predators. The larva
goes through five larval stages. The first two stages are the most sensitive to
climatic factors because they are found outside the plant, on the leaves. The larva
of the third stage enters the stem where it creates its galleries. This is where the
mature larvae of the fifth stage enter in diapause and transform into pupae in
spring and then into adults (Rosca et al., 2011).

The production losses due to the attack of the larvae on the stem vary
depending on the climatic conditions, but also on the reserve of hibernating
larvae. Among the methods to prevent and combat the attack caused by the insect
we mention: compliance with agrotechnical measures by chopping plant residues,
avoiding monoculture, cultivating hybrids tolerant to attack, biological control
through the species Tricogramma, etc. One aspect of chemical control is the
timing of treatment. Data from the literature underline the particular importance
of correlating treatments with the biology of the species in order to maximize the
efficacy of active substances. Thus the application of treatments is necessary to be
carried out before the larvae enter the stem where they are protected.

In Poland, Mazurek et al. (2005) studied the effectiveness of chemical and
biological control of corn borer larvae at sweet corn. Among the insecticides
studied, the commercial product Karate Zeon 100 CS was noted, which recorded
efficacy values between 77% (1998) and 90% (2000), and maize plants showed a
lower percentage of attack.

From the research conducted by Obopile et al. (2008), for maize sown in
different epochs, it was found that maize sown later has larger galleries.

Chemical control of larvae of Ostrinia nubilalis Hbn. has also been
studied by romanian researchers. The results obtained by Georgescu et al. (2016)
showed that active substance indoxacarb (500 ml/ha) and cyantraniliprol (150 and
200 mL/ha) provided good protection of corn plants and reduced the attack of
larvae.

In the Transylvanian Plain, Vialean et al. (2017) applied the active
substances cyantraniliprol and thiacloprid + deltamethrin, and maize plants had a
lower attack rate and were protected from corn borer larvae attack. The research
was continued by Tarau et al. (2019), and the results obtained show that among the
active substances that provided good protection to maize plants are indoxacarb
and deltamethrin, reducing the length of the gallery / plant and had efficacy values
of 90% and 85% respectively. Among the least effective in reducing the attack
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were the active substances tiacloprid and thiamethoxam, which showed efficacy
values of 15% and 27%, respectively.

This paper presents the results obtained at A.R.D.S. Secuieni, where,
starting with 2019, researches were conducted on the influence of the application
of chemical treatments in reducing the attack produced by the larvae of Ostrinia
nubilalis Hbn. species to maize sown in different epochs.

MATERIAL AND METHOD

Due to the importance of this pest for corn cultivation, at A.R.D.S. Secuieni,
starting with 2019, was initiated research to the influence of chemical treatments
application for reducing the Ostrinia nubilalis Hbn larval attacks to corn sown in
different epochs.

In order to achieve the objective, in the experimental field was located a
bifactorial experience, type 3 x 6, according to the method of subdivided plots into
three repetitions, were the first factor (A) it is represented of the sowing epoch (al-
Epoch | - 10.04.2019, a2 - Epoch Il - 22.04.2019 and a3 - Epoch Il - 01.05.2019), and
the second factor (B) by the chemical treatment (bl - untreated control, b2 -
cyantranyliprole 200 g/L -Coragen - 175 mi/ha, b3 - deltamethrin 50 g/l - Decis mega
50 EW -75 ml/ha, b4 - tau-fluvalinate 240 g / | - Mavrik 2 F - 0,2 I/ha, b5 - acetamiprid
200g / kg - Mospilan 20 SG - 0,1 kg / ha and b6 - thiacloprid 480 g/l - Calypso 480 SC
- 0,1 I/ha. The experimental variant had a length of 10 m and a width of 4.2 m.

The biological material used for sowing was the Turda Star maize hybrid.
Maize cultivation was established according with the technology of cultivation of some
species in conditions in Central Moldova (Trotus et al., 2015).

The timing of applying the insecticide treatment on vegetation was correlated
with the pest biology. At 10 days after recharging the maximum flight peak for adults
were applied the insecticide, so that the treatments effectiveness can be maximum
after the larvae have hached and are in the early stages of life.

To determine the frequency of plants attacked by Ostrinia nubilalis Hbn.
larvae and attack parameters (frequency of attacked plants; average number of holes
/plant; number of larvae; length of galleries) the observations were made on 25
plants/variant, which were harvested from the rows in the middle of the variant and
sectioned.

The year 2018/2019 was characterized climatically as warm in terms of
temperature, with a deviation of 1.1 °C compared to the average multiannual
temperature of 8.9 °C for the area. The amount of rainfall sum up 430.2 mm during the
year, with a deficit of 114.1 mm, characterized the year as dry, the amount recorded
and the distribution of the vegetation period being very varied.

RESULTS AND DISCUSSIONS

Following the determinations performed, it was observed that the
interaction between the sowing season and the treatments on the vegetation
influences the level of the attack produced by the larvae.

For maize sown in epoch I, the untreated variant had a frequency of
attacked plants of 25.00%, relative with the variants treated with its
cyantranyliprole 200 g/L (Coragen - 175 mL / ha) of 11.67% and was between
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15.00% at the variant treated with thiacloprid 480 g/l (Calypso 480 SC - 0.1 L /
ha) and 16.67% for the variant where acetamiprid was applied 200g / kg
(Mospilan 20 SG - 0.1 kg/ha) (fig. 1).

At the interaction between the second sown epoch x the chemical
treatments applied on the vegetation, the obtained results show that the maize
plants registered higher percentages of attack at the untreated variant, of 15%
compared to the treated variants, where the frequency of the attacked plants
reached values between 10% at the variants treated with cyantranyliprole 200
g/L (Coragen - 175 mL/ha) and acetamiprid 200 g/kg (Mospilan 20 SG - 0.1
kg/ha), 13.00% in the variant treated with tiacloprid 480 g/L (Calypso 480 SC -
0.1 L/ha) and 15.00% in the case of variants where deltamethrin 50 g/L was
applied (Decis mega 50 EW -75 mL/ha) and tau-fluvalinate 240 g/L (Mavrik 2 F
- 0.2 L/ha) (fig. 1).

The frequency of the attacked plants was reduced to the interaction
between the maize sown in Epoch Il x chemical treatments applied on the
vegetation and reached up to 25% to the untreated variant of the experiment.

Regarding the influence of the interaction between the sowing season and
the treatments applied on vegetation on the frequency of the attacked plants, the
obtained results show that in all three sowing epochs experienced the variant
where cyantranyliprole 200 g/L (Coragen - 175 mL/ha), recorded a low
percentage of attacked plants (fig. 1).
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Fig. 1 The influence of the interaction between the sowing season and the treatments
applied on the vegetation on the frequency of the attacked plants (%), Secuieni- Neamt -
2019

At the interaction between Epoch | (sown on 10.04.2019) x Treatments
applied on vegetation with different active substances, all treated variants
recorded low values of the number of holes, these being between 0.23 holes /
plant (cyantranyliprole 200 g/L - Coragen - 175 mL/ha) and 0.40 holes (tau-
fluvalinate 240 g / L - Mavrik 2 F - 0.2 L/ha) compared to 0.67 holes/plant as
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recorded in the control, untreated variant. Regarding the average number of
larvae/plant, the variant treated with active substances cyantranyliprole 200 g/L
(Coragen - 175 mL/ha) in which 0.18 larvae / plant were registered, and following
the application of pyrethroid products, the number of larvae varied from 0.25
(deltamethrin 50 g/L- Decis mega 50 EW -75 mL / ha) at 0.22 (tau-fluvalinate
240 g/L - Mavrik 2 F - 0.2 L/ha). In variants treated with acetamiprid 200 g/kg
(Mospilan 20 SG - 0.1 kg/ha) and thiacloprid 480 g/L (Calypso 480 SC - 0.1
L/ha) up to 0.22 were identified on average larvae (fig. 2).

Compared to the untreated control of the second epoch sown in the
second decade of April which showed 0.38 holes / plant and 0.37 larvae / plant,
the variants where the products based on pyrethroids, neonicotinoids and
anthranilamides were applied did not register larvae / plant, and the number of
holes / plant varied from 0.15 (acetamiprid 200 g / kg - Mospilan 20 SG - 0.1
kg/ha) and 0.18 (cyantranyliprole 200 g/L - Coragen - 175 mL/ha) at 0.42 larvae /
plant (deltamethrin 50 g/L - Decis mega 50 EW -75 mL/ha).

The lowest values of the average number of holes were recorded in the
variants treated with cyantranyliprole 200 g/L (Coragen - 175 mL/ha) and
acetamiprid 200 g / kg (Mospilan 20 SG - 0.1 kg/ha, while the variants where the
products based on pyrethroids were applied obtained values relatively close to the
average number of holes/plant to those of the control of the experiment, the
untreated variant (fig. 2).

The dvesagt parster of bolet
° ° o
» > N
s
The svirage rember of lavaeplast

smepoch 1

Fig. 2 The influence of the interaction between the sowing season and the treatments
applied on vegetation on the average number of holes / plant and the average number of
larvae/plant, Secuieni- Neamt - 2019

Similar results were obtained by Pilcher and Rice (2001) who found that
maize sown at different times recorded significant differences in eggs density, the
first generation of the pest laying between 50 and 100% of eggs on early sown
maize plants, and about 40-60% of the eggs laid by the second generation were
recorded in late sown maize.
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CONCLUSIONS

1. The results obtained showed that vegetation treatments applied with
insecticides from the class of pyrethroids, neonicotinoids and anthranilamides
prevented the attack of larvae, reducing the number of holes, larvae and the
average length of the gallery.

2. Chemical treatment with cyantraniliprole register the lowest values of the
attack produced by this pest.

3. Indifferent of the epoch of sowing, the variant treated with the active
substance cyantranyliprole recorded the lowest percentage of attacked plants.

4. The influence of the interaction of the two factors (epoch and treatment)
led to the reduction of the average number of holes and larvae / plant, the lowest
values were recorded at the variants sown in the third epoch.
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RESEARCHES REGARDING THE INFLUENCE OF
TECHNOLOGICAL SEQUENCES ON THE YIELDS OF
TUBERS AND BIOMASS AT JERUSALEM ARTICHOKE
UNDER THE CONDITIONS OF A.R.D.S. SECUIENI

CERCETARI PRIVIND INFLUENTA UNOR SECVENTE
TEHNOLOGICE ASUPRA PRODUCTIEI DE TUBERCULI SI BIOMASA
LA TOPINAMBUR iN CONDITIILE DE LA S.C.D.A. SECUIENI
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Abstract. The paper aims to highlight the influence of the distance between
tubers in a row and the nutrition system of the Jerusalem artichoke plant on the
yields of tubers and biomass. The research was conducted between 2018 and
2019, in the experimental field of A.R.D.S. Secuieni. The obtained results
showed that the studied factors influenced to a great extent the tuber yield
obtained. Thus, the yield of tubers varied within wide limits, being between
23.16 t / ha (40 cm x NOPOKO) and 32.77 t / ha (50 cm x N120P120K80). The
interaction of the studied factors influenced the yield of biomass at Jerusalem
artichoke, ranging from 25.15 t / ha (40 cm x NOPOKO) to 35.45 t / ha (50 cm x
N120P120K80).

Key words: tubers, biomass, Jerusalem artichokes

Rezumat. Lucrarea isi propune sa evidentieze influenfa distantei intre tuberculi
pe rand si a sistemului de nutritie al plantei de topinambur asupra productiei de
tuberculi si biomasa. Cercetarile au fost efectuate in perioada 2018 - 2019, in
campul experimental al S.C.D.A. Secuieni. Rezultatele obtinute au ardtat ca
factorii studiati au influentat intr-o mdsurd foarte mare productia de tuberculi
obtinutd. Astfel, productia de tuberculi a variat in limite largi, fiind cuprinse
intre 23,16 t/ha (40 cm x NOPOKO) si 32,77 t/ha (50 cm x NI120P120K80).
Interactiunea factorilor studiati au influentat productia de biomasa la
topinambur, variind de la 25,15 t/ha (40 cm x NOPOKO0) pdna la 35,45 t/ha (50
cm x N120P120K80).

Cuvinte cheie: tuberculi, biomasa, topinambur

INTRODUCTION

In Central and Western European countries, Jerusalem artichoke tubers are
widely used as a raw material for the extraction of inulin and fructose (Fuchs,
1987; Grube et. al., 2002; Niness, 1999). Large tubers are preferred because they
have a higher inulin content (Baert, 1996). Tubers can be used successfully to
obtain biomass for biofuel or in the alcohol industry. They can also be used as
animal feed or in the food and medicine industry. A substance contained in tubers,

! Agricultural Research and Development Station Secuieni, Neamt, Romania
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inulin, has the lowest percentage of glucose and sucrose, compared to those
obtained from other plants. This substance contributes to the normalization of
blood sugar levels and is of real benefit to diabetics (Tanjor et. al., 2012).

Jerusalem artichoke can grow in soils poor in fertility. However, the
application of optimal technological links considerably increases crop
productivity. Optimal technological links that increase the productivity of tubers
and biomass include cultivar selection, planting date, fertilization, nutrition space,
effective weed control, irrigation and harvest time.

MATERIAL AND METHOD

The trial was conducte on a typical cambic chernozem soil type, middle texture,
acid: pH H20-6.29, characterized as: well- supplied in phosphorus (39 ppm PAL), Ca
(13.6 mEQg/100 g soil Ca) and Mg (1.8 mEqg/100 g soil Mg), middle supplied in active
humus (1.88 %) and nitrogen (16.2 ppm N-NO3) and poorly supplied in potassium
(124.6 ppm K20). The experiment was organized in 2018-2019 in the experimental
field of Agricultural Research - Development Station Secuieni, Neamt County, placed
according to the method of subdivided plots in three replications.

Factor A was represented by the distance between plants in a row with two

graduations: al - 40 cm and a2 - 50cm. Factor B was the fertilization system with five
graduations: al - Unfertilized, a2 - NAOP40K40, a3 - NBOP80K80, a4 - N120P120K80
and a5 - N160P160K80.

RESULTS AND DISCUSSIONS

During the analyzed period, the studied factors influenced to a great extent
the tuber production obtained. Thus, the average production varied in wide limits,
being between 23.16 t/ha (40 cm x unfertilized variant) and 32.77 t/ha (50 cm x
N120P120K80). Compared to the control variant (average experience), the non-
fertilized variants achieved production differences between 5.38 t/ha and 2.14 t/
ha, interpreted as distinct and very significant.

Statistically assured production increases were within wide limits, from
1.83 t/ha (50 cm x N80P80K80), an increase interpreted as significant up to 4.24
t/ha (50 cm x N120P120K80), an increase interpreted as being distinct and very
significant (tab. 1).

The biomass production of Jerusalem artichoke ranged from 25.15 t/ha (40
cm x unfertilized variant) to 34.45 t/ha (50 cm x N120P120K80). Compared to
the control variant (average of experience), distinctly significant and very
significant production increases were achieved at the interactions of 40 cm and 50
cm between tubers in a row at fertilization with N80P80K80 and N120P120K80
(2.03 t/ha - 4.53 t/ha), which means that Jerusalem artichoke responds favorably
to planting 50 cm between tubers and higher doses of fertilizers (tab. 2).
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