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Abstract 
 
Products obtained from fresh green biomass of Tagetes patula - French marigold and Cynara scolymus - 
artichoke were experimented to determine the effect of vegetal extracts action on storage diseases of apples. 
The tests were carried out aiming to evaluate the curative effect of the vegetal extracts, derived from Tagetes 
patula, against Monilia fructigena (Aderhold et Ruhl.) Honey ex Whetzel - brown rot, and also the 
preventive effect of Tagetes patula and Cynara scolymus vegetal extracts, against the complex of storage 
diseases of apples, compared to standard chemical treatment and untreated control variants. The biological 
material was represented by the following apple cultivars ‘Jonathan’. ‘Idared’ and ‘Golden Delicious’.To 
determine the curative effect of vegetal extracts, the apples were inoculated with Monilia fructigena, sampled 
directly from damaged fruits, using ‘roundels method’. Then the apples were treated with the experimented 
vegetal extracts. The vegetal extracts had no curative effect in Monilia fructigena control. To assess the 
preventive effect of vegetal extracts against the complex of storage diseases of apples, the fruits were 
immersed for 15 minutes in the products, and then kept in a cold store. The results regarding the preventive 
effect of Tagetes patula and Cynara scolymus extracts on fruit storage diseases were different according to 
cultivar and variant tested. 
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1.Introduction 
 
The researches carried out worldwide proved that some vegetal extracts presented antimicrobial properties 
and had effect against different microorganism as: phytopatgenic fungi Botrytis cinerea, Monilinia spp., 
Phytophthora cactorum, Sphaerotheca macularis etc., and bacteria Erwinia amylowora, Pseudomonas 
syringae, Xanthomonas spp. etc. (Andrei and Paraschivoiu, 2003; Owens, 2005; Regnault-Roger, 2006; 
Teodorescu et al., 2003, 2006; Ugalote and Cordobes, 2004). 
The inhibitive effect of many vegetal extracts was evaluated mainly “in vitro”, on artificial growing media 
(List of EPPO Standards and lists, 2006; MERCK KGaA, Fields in Microbiology, 2004; Manual of 
Microbiology, 2005). There were noticed by their good antimicrobial activity the vegetal extracts obtained 
from species belonging to the Tagetes, Thimus, Mentha, Tymbra, Salvia, Origanum, Lavanda, Mellisa, 
Artemisia, etc. 
The potential of these vegetal extracts to be used as bio-pesticides must be confirmed “in vivo” by further 
researches. 
In this paper, the preliminary results of the researches with some vegetal extracts and their composition tested 
against the complex of fruit storage diseases are presented. 
   
2.Material and method 
 
The plants of Tagetes patula and Cynara scolymus used in this experiment were cultivated in the 
experimental fields of BIOPHAN Society Curtea de Arges and are recognized by Romanian Pharmacopoeia.   
These plants were used as material to produce fresh vegetal extracts. 
To identify the components of Tagetes patula vegetal extracts, physical and chemical analyses were carried 
out in the lab using performant high pressure liquid chromatography (HPLC) equipment and methods, 
followed by detection in UV domain at λ = 200-450 wave length. During the analyses, the normal phase 
analytic column Metacarb 67 H (4.6 mm diameter and 250 mm long) was used.  
The first purification of HPLC phases and solutions was done using 0.45µm diameter filter devices. Then the 
probes obtained were centrifuged and filtrated again using 0.45µm diameter filter devices.  
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After the second purification the probes were diluted and introduced in 2 ml vials. 
The samples analyzed were: Sample 1: vegetal extract of Tagetes patula with intermediary phase, to allow 
Penicillium frequentans strains growth TGP 01N; Sample 2: vegetal extract of Tagetes patula TGP 01. 
Chromatograms obtained for the analyzed samples correspond to vegetal extracts diluted 80 to 400 times. 
The vegetal extracts pH was measured according to the national standard STAS 6325:75, using a lab pH-
meter Thermo Orion, verified and approved by Regional Bureau of Metrology (BRML). 
Filterable residue amount was determined according to the national standard STAS 9187:84. The weight of 
filter devices was determined using a precision analytic balance Mettler Toledo AB 204 S, with a precision of 
4 decimals, also verified and approved by Regional Bureau of Metrology (BRML). 
Mass loss at 105 ºC was determined according to ISO 6673/1992 standard, by heating the vegetal extracts 
samples at 105 ºC, for a 16-h period at atmospheric pressure. 
The electric conductivity of samples was realized according to the national standard STAS 7722-84. 
To analyze the vegetal extracts by high pressure liquid chromatography (HPLC), the two samples were 
diluted 10 times previously to their injection in the HPLC system. 
The main operational parameters were: mobile phase flow: 1ml/min.; mobile phase: sulphuric acid solution 
H2SO4; column temperature: 35ºC; column pressure: 110 bar.; column Metacarb 67 C; 300 x 6.5 mm; DAD 
detector, chromatograme aquisition: 210 nm. 
The vegetal extracts used in lab tests and micro-tests to assess their curative and preventive effect against the 
key apple storage diseases which cause fruits molds and losses in storage facilities are presented in tables 1 
and 2. 

 
Table 1. Treatment variants used to study curative effect of the vegetal extracts against storage 

diseases which cause fruits molds on apples 
N. Product Rate Cultivar 

Jonathan 1 TGP 01  
(stored) 500ml/L Golden Delicious 

Jonathan 2 TGP 01  
(fresh) 500ml/L Golden Delicious 

Jonathan 3 TG 01 N  
(stored) 500ml/L Golden Delicious 

Jonathan 4 Topsin 70 PU  
(methyl tiophanat) 1g/L Golden Delicious 

Jonathan 5 Untrated control 
(sprayed with water) - Golden Delicious 

 
Note: TGP 01 - vegetal extract of French marigold -Tagetes patula (CRF); TGP 01 N - vegetal extract of 
French marigold -Tagetes patula with Penicillium spp. strains. 

 
Table 2. Treatment variants used to study preventive effect of the vegetal extracts against storage 

diseases which cause fruits molds on apples 
N. Product Rate Cultivar 

Idared 1 2-Hexane  
(stored) solution Golden Delicious 

Idared 2 2-Hexane  
(fresh) solution Golden Delicious 

Idared 3 CRF  
(stored) solution Golden Delicious 

Idared 4 CRF  
(fresh) solution Golden Delicious 

Idared 5 Topsin 70 PU  
(methyl tiophanat) 1g/L Golden Delicious 

Idared 6 Untrated control 
(sprayed with water) - Golden Delicious 

 
Note: 2-Hexane - fractioned vegetal extract of artichoke -Cynara scolymus; CRF–total solution obtained 
from leaves and flowers of French marigold -Tagetes patula 
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To study the curative effect of the vegetal extracts against the Monilia fructigena fungus, the inoculum 
source was sampled from apples of 'Golden Delicious' cultivar, which were naturally infected in the orchard 
with this pathogen and presented a great amount of fungus fructifications (sporodochia). 
The fruit inoculation was done in a sterile chamber, under sterile laminar air generated by an ITM Bucharest 
air flow cabinet, using the “roundels method”. Roundels of 0.5 cm diameter 16 fruits per variant were 
inoculated with infected fruit skin. 
Variants incubation was realized in BMT Icucell 55V Confort, along 4 days period at 21 ºC temperature. 
Dynamic of the pathogen growth on the infected fruits was analyzed using biometric measurements. The 
most synthetic indicator used was the mean diameter of the lesions caused by fungus during the four days 
incubation period. 
To assess the preventive effect of the vegetal extracts against the main apples storage diseases, 50 fruits per 
variant were immersed into vegetal extracts for 15 min. Then, after fruit drying they were stored in a cold 
storage cell for 70 days. The average storing temperature ranged between 1 and 4 ºC. 
Mean diameter of the lesions caused by fungus during the 70 days storing period was used as a synthetic 
indicator. 

 
3.Results and discussions 
 
Results of the physical analysis of vegetal extracts are presented in table 3. 
 

Table 3. Results of the physical analysis of vegetal extracts 
 

Sample pH value 
[units] 

Filterable residues 
[g/l] 

U 
[%] 

Conductivity 
[mS] 

Sample 1 5.003 7.991 93.29 10.36 
Sample 2 4.816 7.950 93.10 10.39 
 
Data analysis led to the conclusion that in the case of Sample 1 the registered values of the pH, filterable 
residues mass loss and electric conductivity were higher than in the case of Sample 2.  
As regards the results obtained by chemical analyses, TGP 01 and TGP 01 N vegetal extracts are solutions 
with complex chemical composition.  
In TGP 01 vegetal extract, the prevalent components identified were: piperitone (24.74%), piperitenone 
(22.93%), terpene (7.8%) dihydro-tagetone (4.91%), cis-tagetone (4.62%), limonene (2.25%), ocimene 
(3.66%). [Fractioned analysis: volatile fraction of 10%; unvolatile fraction 90%].  
TGP 01N vegetal extract with intermediate phase, includes the chemical compounds spectrum necessary for 
Penicillium frequentans strains to grow.  
The compounds elaborated by Penicillium frequentans strains in the growing media were amino-hadacidin 
acid; asteric acid; frequentic acid; oxalic acid; succinic acid; β-fructo-furanosidase; α-L-fructosidase; α-D-
galactosidase; α-D-manosotase; β-D-acetiglucose-aminidase; polygalacturonidase; 
antachinone;citromycetine; palitantine; ergosterol palmitate; pectin-methyl-esterase; olygalacturonase; 
questine; sullochrine; hydroxi-benzophenol; citric acid; tartaric acid; oxidases. 
The mycotoxins elaborated by Penicillium frequentans strains which grow in TGP 01N vegetal extract are: 
frequentic acid; α-toxine; atrachinonic derivates and a series of compounds active against fungi like: 
citromycetine pigment, emodine, frequentine, hadacidine, palitantine, questine and sullocrine. 
The chromatogram of the samples 1 and 2, as well as the comparative chromatogram, are presented in the 
figs. 1, 2 and 3.  
Infrared spectral analysis of dry extracts is presented in Fig. 4. 
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Fig. 1. Chromatogram of Sample 1: Vegetal 

extract of Tagetes patula with intermediary phase 
to allow Penicillium frequentans strains growth 

TGP 01N. 

Fig. 2. Chromatogram of Sample 1: Vegetal 
extract of Tagetes patula TGP 01. 

  

  
Fig. 3.  Chromatogram of both samples, 

Comparation: In the case of the sample 1, the 
peaks 1 and 5 are higher compared to the peaks 3 

and 4 which are more intense. Peak 2 is almost 
identical for both samples, and peak 6 occurs only 

for Sample 2 due to Penicillium strain action 

Fig. 4. Infrared spectral analysis of dry extracts; 
Vegetal extracts IR profile 

 

 
As regards the effect of the vegetal extracts of French marigold-Tagetes patula against Monilinia fructigena 
fungus, this is presented in tables 4 and 5. 

 
Table 4. Preliminary results regarding the curative effect of the vegetal extracts against Monilinia 

fructigena pathogen on 'Jonathan' apple cultivar 
Fruits lesions No. Product Rate Mean diameter [cm] [%] 

1 TGP 01 (stored) 500ml/L 3.90 86.5 
2 TGP 01 (fresh) 500ml/L 3.81 84.5 

3 TG 01 N (stored) 500ml/L 4.08 90.5 

4 Topsin 70 PU  
(methyl tiophanat) 1g/L 1.68 37.2 

5 Untrated control 
(sprayed with water) - 1.51 100 
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Table 5.  Preliminary results regarding the curative effect of the vegetal extracts against Monilinia 
fructigena pathogen on 'Golden Delicious' apple cultivar 

 
Fruits lesions No. Product Rate Mean diameter [cm] [%] 

1 TGP 01 (stored) 500ml/L 3.68 84.6 
2 TGP 01 (fresh) 500ml/L 3.72 85.5 
3 TG 01 N (stored) 500ml/L 3.93 90.3 
4 Topsin 70 PU (methyl tiophanat) 1g/L 0.00 0.00 
5 Untrated control (sprayed with water) - 4.35 100 

 
Analysis of table 4 shows that, use of vegetal extracts had not curative effect. The mean diameter of the 
lesions developed by Monilia fructigena attack on 'Jonathan' apple fruits ranged between 3.81cm and 4.08 
cm, close to the control variant treated with distilled water. Here, the mean diameter of the lesions was 4.51 
cm (Figs. 5-9). 

 

5 10 

6 11 

7 12 
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8 13 

9 14 
Fig. 5-9 Monilia fructigena's attack on 'Jonathan' 

apples, treated with vegetal extracts 
Fig. 10-14 Monilia fructigena's attack on 'Golden 

Delicious' apples, treated with vegetal extracts 
 
In the case of the standard chemical treatment variant (Topsin 70 PU -methylthiophanat conc. 0.1%), the 
mean diameter of the lesions developed by the 'Jonathan' apple fruits was 1.68 cm.  
As regards the results obtained with 'Golden Delicious' apple cultivar, a very similar curative effect can be 
observed, the values of the mean diameter of the lesions oscillated between 3.68 cm and 3.93 cm. (Table 5; 
Figs. 10-14). Under the same conditions, in the control variant (sprayed with water) the mean diameter of the 
fruits lesions was 4.35 cm versus to standard chemical treatment (Topsin 70 PU -methylthiophanat conc. 
0.1%), where the mean diameter of the lesions developed on 'Golden Delicious' apple fruits was zero. 
Based on the results obtained, it can be appreciated that the vegetal extracts tested did not show a curative 
effect against the phytopathogen fungus Monilinia fructigena. 
The preventive effect of the vegetal extracts originated from French marigold -Tagetes patula and artichoke -
Cynara scolymus against storage diseases is presented in the tables 6 and 7. 
Analyzing the tables data, it can be noticed that in the variant treated with total extract obtained from French 
marigold leaves and flowers (CRF), fresh or preserved, the fruits of 'Idared' apple cultivar were sound (Table 
6).  
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Table 6. Preliminary results regarding the curative effect of the vegetal extracts against storage 
diseases on 'Idared' apple cultivar 

Damaged 
fruits  No. Product 

N [%] 
Specification 

1 2-Hexane (stored) 2 4.0 1 fruit with Monilia fructigena+ 
1 fruit with Penicillium expansum. 

2 2-Hexane (fresh) 1 2.0 1 fruit with Monilia fructigena+ 
Penicillium expansum. 

3 CRF (stored) 0 0 Penicillium spp. on fruit surfaces and in storing cases 
4 CRF (fresh) 0 0 Penicillium spp. on fruit surfaces and in storing cases 

5 Topsin M 70 PU conc. 0.1% 
(methyl tiophanat) 0 0 - 

6 Untreated control 
(sprayed with water) 5 10.0 4 fruit with Monilia fructigena+Penicillium expansum. 

1 fruit with Monilia fructigena+Gloeosporium fructigenum 
 

It has to be mentioned that in these variants, colonies of Penicillium spp. occur both on fruits surface and on 
storage cases (Figs. 18-19).  
In the case of the variants treated with fresh total extract of artichoke -Cynara scolymus (2-Hexane), the 
registered rate of damaged fruits was 2%, versus the variants treated with stored total extract where the rate 
of damaged fruits was 4%. 
Under similar conditions, in the untreated control variant the rate of damaged fruits was 10%, versus to 
standard chemical variant where damaged fruit could not be observed. 
In all variants where storage diseases were noticed, the strikes were mainly caused by Monilinia fructigena, 
Penicillium spp. and Gloeosporium fructigenum fungi (figs. 15-26). As regards the results obtained with 
'Golden Delicious' apple cultivar, they are presented in table 7. 

 
Table 7. Preliminary results regarding the curative effect of the vegetal extracts against storage 

diseases on 'Golden Delicious' apple cultivar 
Damaged fruits  No. Product 
N [%] 

Specification 

1 2-Hexane (stored) 0 0 - 
2 2-Hexane (fresh) 1 2.0 Monilia fructigena 

3 CRF (stored) 1 2.0 Monilia fructigena, Penicillium spp. 
on fruit surfaces and in storing cases  

4 CRF  (fresh) 3 6.0 Monilia fructigena, Penicillium spp. 
on fruit surfaces and in storing cases  

5 Topsin M 70 PU conc. 0.1% 
(methyl tiophanat) 0 0 - 

6 Untrated control (sprayed with water) 4 8.0 Monilia fructigena,  
Penicillium expansum. 

 
Analyzing the table data, in the variants treated with total extract obtained from French marigold leaves and 
flowers (CRF), fresh or preserved, it can be observed that for 'Golden Delicious' apple cultivar, the registered 
rate of fruits damaged by Monilia fructigena was 2% and 6%, respectively  (Fig. 24). 
Under similar conditions, in the untreated control variant, 8% of fruits were damaged by Monilinia fructigena 
and Penicillium expansum, versus the chemical treated variant where damaged fruit were not found. 
Also, in the case of this experiment, in the variants treated with vegetal extract obtained from French 
marigold leaves and flowers (CRF), fresh or preserved, Penicillium spp. mycelium occurs, both on fruits 
surface and on storage cases. 
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Fig. 15 Untreated control 'Idared' apples Fig. 16 'Idared' apples stored and treated with -
Hexane vegetal extract refrigerated 

  

  
  

Fig. 17 'Idared' apples stored and treated with 2-
Hexane vegetal extract stored 

Fig. 18 'Idared' apples treated with CRF 
vegetal extract refrigerated 
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Fig. 19 'Idared' apples stored and treated 
with CRF vegetal extract stored 

Fig. 20 'Idared' apples stored and standard 
treated with Topsin M 70 PU conc. 0.1% 

 

  
  

Fig. 21 Untreated control 'Golden Delicious' 
apples 

Fig. 22 'Golden Delicious' apples stored 
and treated with 2-Hexane 
vegetal extract refrigerated 
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Fig. 23 'Golden Delicious' apples stored and 
treated with 2-Hexane vegetal extract stored 

Fig. 24 'Golden Delicious' apples stored and treated
with CRF vegetal extract refrigerated 

  

  
  

Fig. 25 'Golden Delicious ' apples stored and 
treated with CRF vegetal extract stored 

Fig. 26 'Golden Delicious ' apples stored 
and standard treated with 

Topsin M 70 PU conc. 0.1% 
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4.Conclusions 
 
Vegetal extracts obtained from French marigold -Tagetes patula and artichoke -Cynara scolymus, fresh or 
preserved, were experimented to demonstrate their effect against some pathogens which generate specific 
diseases on 'Jonathan', 'Idared' and 'Golden Delicious' apple cultivars, in storage facilities; 
Vegetal extracts TGP 01 and TGP 01N derived from French marigold -Tagetes patula are alternative 
solutions with complex chemical composition; 
Based on the obtained results, on can evaluate that the vegetal extract obtained from French marigold -
Tagetes patula had no curative effect on the apples affected by Monilinia fructigena fungus attack; 
The preventive effect of the fractionate vegetal extract derived from artichoke -Cynara scolymus and of the 
total extract obtained from French marigold -Tagetes patula leaves and flowers, and used against apple 
storage diseases is different, depending on the tested cultivar and variant; 
Standard chemical treatment Topsin 70 PU (methyltiophanat) at a conc. 0.1% had a good preventive and 
curative effect against storage diseases on apple fruits. 
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