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ABSTRACT

The aim of this study was to determine the role of fertigation with Trichoderma
atroviride and fulvic acid at 6 varieties and a hybrid of long pepper (Capsicum annuum L.)
var. longum.For this purpose, determinations were made on the content of total
polyphenols, ascorbic acid and antioxidant activity of peppers that have reached
physiological maturity.

The determinations were made by the Folin-Cicalteu method, by titration and the
DPPH method. The results obtained in the samples fertigated with Trichoderma atroviride
are superior to the samplesfoliarly fertilized with fulvic acid. Although there is a difference
between them, we believe that it is appropriate to use both biostimulators in pepper
culture.

INTRODUCTION

Proper practices for sustainable management of agricultural soils, the use of
biofertilizers is a common method in the agro-horticultural system. Through this process, a
stimulation of the natural processes that take place in the soil with a direct effect on the
assimilation of nutrients is obtained with the increase of their efficiency and the obtaining
of stable multiannual productions.

The study aimed to evaluate the physiological response to fertilization of pepper
plants with natural biostimulators formed by spores and mycelium of Trichoderma
atroviride non-genetically modified and fulvic acid, from 6 varieties and a hybrid of long
pepper (Capsicum annuum L.) var. longum (Bogdan, Lung de lsalnita, Lung roméanesc,
Doljan, Cosmin, Fermier, Kaprima F1). The culture took place in a cold solarium in
Simnicu de Sus locality, Dolj county (southwest of Romania) (44 ° 24’23 " N 23 ° 48'09 " E)
In a particularly authorized farm.

Trichoderma atroviride is a fungus that promotes the strengthening of the root
system, the absorption of nutrients and the increase of the efficiency of fertilizers.
Contributes to the formation of healthier, stronger, and more resistant plants. It has a
phytostimulating action and contributes to soil fertility and vitality. It has a high level of
adaptability to soil and environmental conditions [1].
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Fulvic acid is described by Schnitzer, M. (1977) [2] as part of the humic structure of
the soil created in extremely small quantities by the action of millions of beneficial
microorganisms, which work to degrade plant matter in a soil environment with adequate
oxygen. It has a low molecular weight [3] and is very biologically active.Due to its low
molecular weight, it has the property and ability to easily bind minerals and elements in its
molecular structure, causing them to dissolve and become mobilized fulvic complexes.
From humic deposits it usually carries 60 or more minerals and trace elements dissolved
in its molecular complexes.They are then in natural form ideal for being absorbed and
interacting with living cells [4]. The roots and cells of plants easily absorb large amounts of
fulvic acid and maintain it in their structure [3]. It is easily complexed with minerals and
metals, making them available for plant roots and easily absorbable through cell walls.
Fulvic acids also dissolve and transport vitamins, coenzymes, auxins, hormones and
natural antibiotics that are generally found throughout the soil, making them available.
Catalyzes enzymatic reactions having a close association with enzymes [5; 6].

Fulvic acid increases the process of assimilation of nutrients in the roots by
transporting them quickly to the shoots of plants. It relieves oxygen deficiency and
increases the vital activity of cells. It changes the pattern of carbohydrate metabolism,
resulting in an accumulation of soluble sugars that increase the osmotic pressure inside
the cell wall and allows plants to resist wilting. Improves growth and can stimulate the
immune system.

MATERIAL AND METHOD

Standard laboratory grade chemicals/reagents including, Folin—Ciocalteau reagent,
sodium carbonate, pure water, 2% hydrochloric acid;potassium iodate, potassium iodide,
starch, gallic acid, 2,2-diphenyl-1-picrylhydrazyl radical (DPPH).

Obtaining the extract

To compare the antioxidant activity of fruits fertilized with Trichoderma atroviride
and fulvic acid, the fruits of the 7 types of peppers reached physiological maturity were
selected.

The fruits were washed and cut into pieces and then placed in a kitchen blender.

Weigh 1-25 g of fruit into a 100 mL vial over which 40 mL of 50% methanol is added
and mix. Leave to stand for 60 minutes at ambient temperature and then centrifuge at
15,000 rpm for 15 minutes. Filter and transfer the obtained supernatant to a 100 mL
volumetric flask. 40 mL of 70% acetone is added to the residue obtained and
homogenized. Leave to stand for 60 minutes and then centrifuge for 15 minutes at 15,000
rpom. Filter and supernatant is placed in a 100 mL flask containing the methanolic extract.
Make up to 100 mL with distilled water.

Determination of total phenolic content (TPC)

The total phenolic content (TPC) values of the capsicum annuum extracts were measured
using the Folin-Ciocalteu reagent. The reaction mixture contained 100 pyL of antioxidant
extract and solvent, 500 pL of the Folin-Ciocalteu reagent, 1.5 mL of 20% sodium
carbonate, and 1.5 mL of pure water. After 2 h of reaction at ambient temperature,
absorbance was read at 725 nm and used to calculate the TPC, using Gallic acid as the
standard. Triplicate measurements were taken and the results were expressed as mg
Gallic acid equivalents (GAE)/g of fresh sample, using the following equation based on the
calibration curve (Fig.1): y = 0.0134x + 0.0171, [7].
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Gallic acid calibration curve.

Determination of ascorbic acid by iodatometric method
An amount of 5-10 g of each pepper sample, previously ground with quartz

sand, is passed into a 100 mL volumetric flask using a 2% hydrochloric acid solution. Stir.
After settling, filter into a dry glass. Take a 10 mL aliquot of the filtrate, place in a Berzelius
beaker, add 30 mL of distilled water, 5 mL of 1% potassium iodide and 1 mL of starch
solution. Titrate with potassium iodate N / 250, stirring until a bluish coloration appears.
The determination of scurvy acid content is done using equation [8]:
Ascorbicacid, mg% =352. n.f/ G
where:
n - mLused for titration;
f - the factor of the potassium iodate solution N / 250;
G - sampleweight in grams.
Evaluation of DPPH radical scavenging activity
The DPPH assay is popular in natural product antioxidant studies. One of the reasons is
that this method is simple and sensitive. This assay is based on the theory that a hydrogen
donor is an antioxidant. It measures compounds that are radical scavengers [9].
The antioxidant effect is proportional to the disappearance of DPPHe in test samples.
Monitoring DPPHe with a UV spectrometer has become the most commonly used method
because of its simplicity and accuracy. DPPHe« shows a strong absorption maximum at 517
nm (purple). The color turns from purple to yellow followed by the formation of DPPH upon
absorption of hydrogen from an antioxidant.

The measurement of DPPH radical scavenging activity was carried out according to
the method of Barros et al. (2007) [10].

0.1mL extract (sample) was mixed with 3.9 mL 0.06 mM DPPH solution and the
absorbance on the spectrophotometer was read minute by minute until stabilized.

RESULTS AND DISCUSSIONS

From the obtained data are distinguished values that signify the role played by the
two biofertilizers on the content of total polyphenols, Table 1, ascorbic acid, Table 2 and
antioxidant activity, Table 3.

Polyphenols, mEq GAE/g fresh Ascorbic acid, mg/100 g fresh
Sample name sample Sample name sample
: Trichoderma | Fulvic . Trichoderma | Fulvic
Witness o . Witness o .
atroviride acid atroviride acid
BOGDAN 83.0 104.1 86.7 BOGDAN 109.2 115.0 96.3
LUNG DE LUNG DE
ISALNITA 76.5 83.2 78.7 ISALNITA 76.7 85.0 88.5
LUNG LUNG
ROMANESC 82.1 99.0 85.4 ROMANESC 78.7 90.3 87.9
DOLJAN 56.1 60.0 63.0 DOLJAN 78.7 80.2 83.0
COSMIN 98.0 101.2 99.3 COSMIN 115.7 119.5 121.2
FERMIER 111.0 124.2 118.7 FERMIER 108.2 134.0 145.1
KAPRIMA F1 | 113.1 129.0 122.4 KAPRIMAF1 | 101.9 114.2 130.0
Table 1. Total polyphenol content of Table 2. Ascorbic acid content of
pepper samples pepper samples
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DPPH radical scavenging, %
Sample name . Trichoderma | Fulvic
Witness g .
atroviride acid
BOGDAN 27.6 52 40.0
LUNG DE ISALNITA | 255 49.2 38.0
LUNG ROMANESC 27.3 51 40.2
DOLJAN 18.6 40,2 34.2
COSMIN 32.6 51 57.0
FERMIER 37.0 62.4 60.0
KAPRIMA F1 37.7 59.7 63.0

Table 3. Antioxidant activity of pepper samples

In a biological system, an antioxidant can be defined as any substance that when
present at low concentrations compared to that of an oxidizable substrate would
significantly delay or prevent oxidation of that substrate [11].

In nature there are many plants with antioxidant content. Vegetables are an
important class with a high content of antioxidants. The most common antioxidants are
polyphenols and ascorbic acid. Molecular structures, in particular the number and
positions of hydroxyl groups and the nature of substitutions on aromatic rings, give
phenolic compounds the ability to inactivate free radicals [12].

Ascorbic acid is a natural organic compound with antioxidant properties, which is
found in both animals and plants. It functions as a redox buffer that can reduce and
therefore neutralize reactive oxygen species [13]. It is involved in a series of processes
that take place in living cells. Ascorbic acid plays a complex and important role in the
human body, protecting biologically active compounds from oxidative degradation. The
iodometric method allows the determination of ascorbic acid in foods with different
complexities.

The experimental data highlight the role played by the two fertilizers in the content
of total polyphenols, ascorbic acid and the antioxidant activity of the pepper fruits
studied.Thus, in the samples fertilized with Trichoderma atroviride, the content in
polyphenols varies depending on the variety and presents superior values compared to the
control sample and the samples foliar fertilized samples with fulvic acid.

The values of the total polyphenol content in the control samples are between 56.1
mEq GAE / g in the Doljan sample and 113.1 mEq GAE / g in the Kaprima F1 sample. The
ascorbic acid content has a minimum value of 76.7 mg / 100g in the Lung de Isalnita test
and a maximum of 115.0 in the Cosmin test and the antioxidant activity has values
between 18.6% in the Doljan test and 37.7% in the Kaprima F1 test.

Trichoderma atroviride fertigation samples show values of total polyphenol content
ranging from 60.0 mEq GAE / g in the Doljan sample to 129.0 mEq GAE / g in the Kaprima
F1 sample. The ascorbic acid content has a minimum value of 80.2 mg / 100g in the
Doljan sample and a maximum of 134.0 in the Cosmin sample and the antioxidant activity
is between 40.2% in the Doljan sample and 62.4% in the Fermier sample.

Foliar fertilized samples with fulvic acid have values of the total polyphenol content
between 63.0 mEq GAE / g in the Doljan sample and 122.4 mEq GA / g in the Kaprima F1
sample.The ascorbic acid content has the minimum value of 83.0 in the Doljan test and the
maximum of 145.1 in the Fermier test and the value of antioxidant activities between
38.0% in the test: Lung de Isalnita 63.0% in the Kaprima F1 test.

The corroboration of the experimental data highlights the role played by the two
fertilizers in the changes of the biochemical composition in the culture of the 7 varieties of
peppers. The stronger influence of fertigation with Trichoderma atroviride is noticeable.

The antioxidant activity of pepper can be attributed to the total content of
polyphenols and the content of ascorbic acid and, therefore, it is important to analyze the
correlation between the antioxidant activity and these bioactive compounds of pepper.
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A regression analysis was used to correlate the results of the total content of
polyphenols and ascorbic acid with the antioxidant activity of the cultivated pepper
samples (Fig. 1, 2,3). For all samples a significant correlation was obtained (R? = 0,9383,

R?=0,9025, R? = 0,666 si, R? = 0,736).
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content and antioxidant capacity in samples content and antioxidant capacity in foliar acid
fertilized with Trichoderma atroviride. fertilized samples.

There is a better correlation between the total polyphenol content and the DPPH
value (R? = 0,9383, R? = 0,9025) of the samples fertilized with Trichoderma atroviride and
fulvic acid compared to the correlation between ascorbic acid and DPPH (R2 = 0,666 si, R?
= 0,736). This confirms that antioxidant activity is mediated mainly by polyphenols.

The correlation between total polyphenol content and antioxidant activity has been
widely studied in various foods such as fruits and vegetables [14 - 20].

Linear regression between ascorbic acid

CONCLUSIONS
1. The efficiency of the fertilizer is highlighted by the values obtained from the samples
fertilized with the two biostimulators.
2. The values obtained by fertilizing the pepper with Trichoderma atroviride are higher than
those obtained by foliar fertilization with fulvic acid.
3. Although there is a difference between the results obtained with the two biofertilizers,
we believe that it is appropriate to use them in pepper culture.

»1his work was supported by the grant POCU380/6/13/123990, co-financed by the
European Social Fund within the Sectorial Operational Program Human Capital 2014 —
2020.”

11



Analele Universitatii din Craiova, seria Agricultura — Montanologie — Cadastru (Annals of the University of Craiova - Agriculture,
Montanology, Cadastre Series) Vol. 51/1//2021

BIBLIOGRAPHY
1.https://www.hello-nature.com/it/wp-content/uploads/sites/2/2021/01/Condor_TDS _IT.pdf
2. Schnitzer, M. 1977. Acidity of fulvic acid). Recent findings of the characterization of humic
substances extracted fromsoils from widely differing climatic zones. Proceedings of the
Symposium on Soil Organic Matter Studies, Braunsweig (117-131).
3. Aiken, G. R., McKnight, D.M., &MacCarthy, P. 1985. Humic substances of soil, sediment and
water, New York: Wiley-Interscience.
4. Azo, S. & Sakai, | 1963. Studies on the physiological effects of humic acid.Part 1.Uptake of
humic acid by crop plants and its physiological effects. Soil Science and Plant Nutrition, 9(3), 1-91.
(Tokyo)
5. Khristeva, L. A., Luk’Yanonko, M.V. 1962. Role of physiologically active substances in soil-
humic acids, bitumens and vitamins B, C, P-P A and D in the life of plants and their replenishment.
Soviet Soil Science, 10, 1137-1141
6. Pardue, H.L, Townshend, A., Clere, J.T., VanderLinden (Eds.), (1990, May 1).
AnalyticachimicaActa, Special Issue, Humic and Fulvic compounds, 232 (1), 1-235. (Amsterdam,
Netherlands: Elsevier Science Publishers).
7. Dumitru Mihaela Gabriela. Increasing the Oxidative Stability of Oil Extracted from Jatropha
curcas L. Seeds by Adding Oil Extracted from Roasted Vitisvinifera Seeds
R.C.(Bucharest), 67. No. 6, 2016, p. 1127-1130.
8. Bita Mihaela Gabriela, Marinescu Gabriela,Analizebiochimice, EdituraUniversitaria, Craiova,
p. 195, 2008.
9. MacDonald-Wicks, L. K.; Wood, L. G.; Garg, M. L. Methodology for the determination of
biological antioxidant capacity in vitro: a review. J. Sci. Food Agric. 2006, 86, 2046—2056
10. Barros L, Baptista P, Ferreira ICFR. 2007. Effect of Lactariuspiperatusfruiting body maturity
stage on antioxidant activity measured by several biochemical assays. Food ChemToxicol, 45:
1731-1737.
11. Wanasundara P. K. J. P. D. and F. Shahidi.Bailey’s Industrial Oil and Fat Products, Sixth
Edition, Six Volume Set.Edited by FereidoonShahidi.Copyright # 2005 John Wiley & Sons, Inc.,
p.431.
12.https://www.intechopen.com/chapters/53128, 27 sept 2021
13. FadimeEryilmazPehlivan (August 2nd 2017). Vitamin C: An Antioxidant Agent, Vitamin C,
Amal H. Hamza, IntechOpen, DOI: 10.5772/intechopen.69660.  Available  from:
https://www.intechopen.com/chapters/56013
14. Kiselova Y, Ivanova D, Chervenkov T, Gerova D, Galunska B and Yankova T. 2006.
Correlation between the in vitro antioxidant activity and polyphenol content of aqueous extracts
from bulgarian herbs. Phytother. Res., 20(11): 961- 965.
15. Kedage VV, Tilak JC, Dixit GB, Devasagayam TPA and Mhatre MA 2007.Study of
antioxidant properties of some varieties of grapes (Vitisviniferal.). Crit. Rev. Food Sci. Nutr., 47:
175-185.
16. Choong C. Teow a, Van-Den Truong, Roger F. McFeeters, Roger L. Thompson,
Kenneth V. Pecota, G. Craig Yencho. Antioxidant activities, phenolic and b-carotene contents of
sweet potato genotypes with varying flesh colours Food Chemistry 103 (2007) 829-838
17. Stephanie Dudonne, Xavier Vitrac, Philippe Coutiere, MARION WOILLEZ, and Jean-
Michel Merillon. Comparative Study of Antioxidant Properties and
Total Phenolic Content of 30 Plant Extracts of Industrial Interest Using DPPH, ABTS, FRAP, SOD,
and ORAC Assays. Agric. Food Chem. 2009, 57, 1768-1774.
18. Kamran Ghasemi, Yosef Ghasemi and Mohammad Ali Ebrahimzadeh, Pak. J. Pharm.
Sci., Vol.22, No.3, July 2009, pp.277-281, Antioxidant activity, phenol and flavonoid contents of 13
citrus species peels and tissues.
19. Anna Gawron-Gzella, Marlena DUdek-Makuch and Irena Matltawskam, DPPH radical
scavenging activity and phenolic compound content in different leaf extracts from selected
blackberry species. ACTA BiologicaCracoviensia, Series Botanica 54/2: 32-38, 2012,
20. Aktas, B., Basmacioglu, Malayoglu, H. 2019. Comparison of Phenolic Compounds and
Antioxidant Activities of the Extracts of Grape Seed, Rosemary, Green Tea and Olive Leaf, Ege
Univ. ZiraatFak. Derg., 56 (1):77-82.

12



