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Abstract 

Monilinia spp is the plant pathogen responsible for the occurrence of grey mold and fruit rot in 
stone fruits species, and it is present in all cultivated areas. In Romania, it occurs each year in plum 
orchards, depending on the environmental conditions, varieties’ behavior and control treatment 
management. It was tested in vitro the antifungal activity of some glycoalkaloides steroids extracted 
from species belonging to Solanum genre towards Monilinia spp. isolated from plum fruits. Of these, a 
structural group encoded as GLY was selected and tested in 0.1%, 0.5% and 1% concentration 
compared to control variant. After 12 days from treatment, the colonies diameter was 47 mm in control 
plate and 34.4 mm in 0.1% GLY plate. In variants with 1% GLY and 0.5% GLY the mold growth was 
weak, with 2.8 mm and 5 mm diameter after 12 days. The efficacy was 94% in the 1% GLY variant, 
followed by 0.5% GLY variant where the efficacy was 89%. The EC 50 and EC 90 values were 0.25% 
and 0.82%.  
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1. Introduction 

Monilinia spp. is a complex of plant pathogens which causes significant losses to pome 
fruits orchards. Monilinia laxa (Aderhold & Ruhland) Honey and Monilinia fructicola (G. 
Winter) Honey occur frequently on plum, cherry, apricot and stone cherry (SNYDER & 
JONES) [1]. The attack of these species is dangerous on flowering stage, on vegetation fruits 
and in fruits storage (LEEUWEN & KESTEREN [2], VALIUSKAITE & al. [3]). An accurate 
determination of the pathogens inducing these symptoms is established through genetic 
methods (FULTON & BROWN [4], FULTON & al. [5], FORSTER & ADASKAVEG [6], 
GELL & al. [7], ZHU & al. [14] and morphological identification (GHEORGHIES & 
CRISTEA [28]). The attack of Monilinia spp. molds, responsible for the occurrence of grey 
mold and fruit rot, represents a serious economic problem, these pathogens determining 
important losses in fruits vegetation and storage period (OLIVEIRA & al. [8]). The host 
plants range includes apple, pear, cherry, apricot, plum and nectarines (BYRDE & 
WILLETTS [9]). Monilinia laxa is the most dangerous pathogen inducing blossom wilt and 
twig blight in stone fruits, causing significant losses in all fruits producing regions (BALAŽ 
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[11]). Studies on fungal epidemiology of the genus Monilinia have shown that vectors, such 
as insects, birds (LACK) [12] and environmental factors favor the spread of conidia 
(BANNON & al. [13]). 

The control of pathogens of the Monilinia genre is based on multiple interventions, 
cultural hygiene measures, cultural practices, breeding of resistant varieties, use of fungicides 
(BORVE & STENSVAND [15]). Chemical control is still effective, but can lead to the 
appearance of pathogenic resistance, phytotoxicity, toxicity to other organisms. Research in 
the field is increasingly focused on the use of biocontrol (GRZEGORCZYK & al. [16]). An 
alternative for the control of Monilinia spp. fungi can be the use of plant extracts with 
antifungal activity. Plant extracts are active against pathogens and may be sources of plant 
protection bioproducts or formulations (PARVU & al. [17], CRISTEA [18], CALVO & al. 
[22], ICHIM & al. [27]). Plants of the genus Solanum have been used to study the 
pathogenicity and virulence of some pathogens (ICHIM & al. [29]). Steroidal glycoalkaloids, 
secondary metabolites extracted from Solanum species have antimicrobial properties (IIJIMA 
& al [19], ITKIN & al. [20], MILNER & al [21]). The objective of our research was to assess 
under laboratory conditions the effect of steroidal glycoalkaloids extracted from Solanum 
species, as a component of a biofungicide, on the growth of Monilinia spp. pathogens isolated 
from plum fruits. 
 
2. Materials and Methods 

The research aimed the in vitro assessment of the activity on the growth of Monilinia 
spp. of some steroidal glycoalkaloids extracted from Solanum species. The steroidal 
glycoalkaloids taken into account were: 

 

 

 
Figure 1: Steroidal glycoalkaloids from Solanum species 
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In order to prove the antifungal activity, we selected a standardized structural group, 
encoded as GLY, obtained from specific technological processes of extraction and 
purification from different sources of vegetal raw materials. The biological material consisted 
in isolates of Monilinia genus (Ml 13) from collected samples of plum fruits, Stanley variety, 
originated from RIFG Mărăcineni, Romania. The method food poison technique was used 
(SCHMITZ)[24]. From Monilinia spp. fresh fungal cultures, 0.5 mm diameter plots were 
harvested and placed centrally in 90 mm Petri dishes. Potato-dextrose-agar culture medium 
was used and the test product was included in concentrations of 0.1%, 0.5% and 1%; each 
variant was placed in three repetitions. Incubation was done at 22°C. Measurements of 
mycelial growth were performed at 3, 6, 9, 12 days. The efficacy of the product was 
determined after 12 days of observation, as the rate of inhibition of mycelial growth from the 
treated variants compared to the control variant, without the product included in the culture 
medium, according to the formula: I%=[(Dc-Dt)/Dc]x100, where, I % is micelian growth 
inhibition, Dc is average micelian growth diameters of fungus colony in control, Dt is average 
micelian growth diameters of fungus colony in tratament (PANDEY & al.[23]. For the results 
obtained after 12 days form treatment, the effective concentration of CE 50 and CE 90 was 
calculated (the concentration that reduced the mycelial growth by 50% and 90% determined 
by regressing the inhibition of radial growth values). 
 
3. Results and discussion 

Among the presented steroidal glycoalkaloids a GLY-coding group was selected for in 
vitro testing of the effect on Monilinia spp. fungi, isolated from Stanley variety plums. The 
data in Table 1 shows that at 3 days after replication the fungus had no growth in any of the 
variants. After 6 days of observation, the fungus developed in all variants reaching 11.6 mm 
diameter in the 0.1% GLY concentration and 18 mm in the control variant (figure 2). After 9 
days of observation, fungal mycelium developed colonies that reached a 31.6 mm diameter in 
the control variant colony, with an average diameter of 27.6 mm in the 0.1% GLY 
concentration variant, 3.9 mm diameter in the 0.5% GLY concentration variant and 1.4 mm 
diameter in the 1% GLY concentration variant (figure 3). After 12 days of observation in the 
control variant, the Monilinia spp. fungal growth was 47 mm diameter. It was observed that in 
1% GLY and 0.5% GLY variants the analyzed fungi developed very slowly during the 
observation period, reaching 2.8 mm and 5 mm diameter respectively, after 12 days of 
observation (Table 1).  

 
Table 1. Antifungal activity of GLY on mycelial growth of Monilinia spp. ( in vitro) 
Variant / 
concentration (%) 

Average colony 
diameter  (mm) / 3 
days  

Average colony 
diameter  (mm) / 6 
days 

Average colony 
diameter  (mm) / 9 
days 

Average colony 
diameter  (mm) / 12 
days 

GLY/0.1 0 11.6 27.6 34.4  
GLY/0.5 0 1.5 3.9 5.0 
GLY/1 0 0.8 1.4 2.8 
Control 0 18.0 31.6 47.0 
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Figure 2. Growth mycelial of Monilinia spp. at GLY 1% , GLY 0.5%  

and GLY control variants (after 6 days)( in vitro) 
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Figure 3. Mycelial growth of Monilinia spp. at 1% GLY and control variants (after 9 days) (in vitro) 

 
The efficacy of the GLY complex on the Monilinia spp. mycelial growth after 12 

incubation days was 89% for 0.5% GLY variant and 94% for 1% GLY variant (Table 2). The 
concentrations values which inhibit 50% and 90% of the mycelial growth were EC 50 =0.25% 
and EC 90 = 0.82%. 

 
Table 2. GLY efficacy on mycelial growth of Monilinia spp. ( in vitro) 
Variant/concentration (%) Average colony 

diameter  (mm) / 12 
days 

Efficacy (% ) EC 50 
Values for 
mycelial 
growth (%) 

EC 90 
Values for 
mycelial growth 
(%) 

GLY /0.1 34.4  26.8  
0.25 

 
0.82 GLY /0.5 5.0 89.0 

GLY /1 2.8 94.0 
Control 47.0 - - - 

 
Monilinia spp. causes important economic losses in orchards. Moniliosis affects 

primarily fruits producing brown mold, black mold and fruit rot. The rotted fruits that remain 
in trees until spring are the source of inoculum (BYRDE & WILLETTS [9]). Environmental 
conditions as well as microbial load are important in disease extension (XU & ROBINSON 
[25]). The identification of the Monilinia species is based on the morphological and biological 
characteristics of the pathogens (GHEORGHIES & al. [28]), but an accurate identification is 
performed by genetic methods (COTÉ & al.[26]). Chemical control is still effective but can 
lead to the appearance of pathogenic resistance, phytotoxicity, toxicity to other organisms. 
Researches are increasingly focusing on the use of biological control (HOLB [10]).Vegetal 
extracts are a promising alternative for pathogens control (PARVU & al. [17], CRISTEA 
[18], ICHIM et al. [27]), and steroidal glycoalkaloids extracted from Solanum species have 
antimicrobial properties (IIJIMA &  al. [19], ITKIN  & al. [20], MILNER & al. [21]). Our 
research has shown that these glycolalkaloids have efficacy on the attack of Monilinia spp. 
pathogens. 
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4. Conclusions 
The research presents the inhibition of Monilinia spp. growth isolated from plum fruits, 

in 0.5% GLY and 1% GLY variants with 89% and 94% efficacy, which recommends the 
complex for use in biotechnology applications for the innovation of biofungicides. 
 
5. Acknowledgements  

The investigations were carried out within the project PN-III-P2-2.1-PTE-2016 -0166. 
 
References 

1. C.L. SNYDER, A. L. JONES. Genetic variation between strains of Monilinia fructicola and Monilinia 
laxa isolates from cherries in Michigan. Canadian Journal of Plant Pathology, 21(1):70-77 (1999). 

2. G.C.M. van LEEUWEN, H. A. van KESTEREN. Delineation of the three brown rot fungi of fruit crops 
(Monilinia spp) on basis of quantitative characteristics. Canadian Journal of Plant Botany, 76:2042-2050 
(1998). 

3. A.VALIISKAITE, N.KVIKLIENE, D.KVIKLYS, J.LANAUSKAS. Post-harvest fruit rot incidence 
depending on apple maturity. Agronomy Research 4 (special), 427-431 (2006). 

4. C.E.FULTON, A.E.BROWN. Use of Ssu rDNA group-I intron to distinguish Monilinia fructicola from 
M.laxa and M.fructigena. FEMS Microbiology Letters ,157:307-312(1997). 

5. C.E.FULTON, G.C.M. van LEEUWEN, A.E. BROWN. Genetic variation among and within Monilinia 
species causing brown rot of stone and pome fruits. European Journal of Plant Pathology, 105:495-
500(1999). 

6. H.FORSTER, J.E. ADASKAVEG. Early brown rot infections in sweet cherry fruit are detected by 
Monilinia - Specific DNA primers. Phytopathology, 90: 171-178(2000). 

7. I.GELL, J.CUBERO, P.MEGAREHO. Two different PCR approaches for universal diagnosis of brown 
rot and identification of Monilinia spp in stone fruits trees. Journal of Applied Microbiology, 103(6) 
2629-37(2007). 

8. L. L. OLIVEIRA, I.PACHECO, V.MERCIER, F.FAORA, D.BASSIS, I. BORNARD, B. QUILOT-
TURION. Brown rot strikes Prunus fruit: An ancient fight almost always lost. Journal of Agriculture 
Food Chemistry, 64 (20), 4029-4047( 2016). 

9. W.J.R.BYRDE and J. H. WILLETTS. The brown rot fungi of fruit. Their and control. Pergamon Press, 
Oxford, UK( 1977). 

10. I.J.HOLB. Brown rot blossom blight of pome and stone fruits: symptom, disease cycle, host resistance 
and biological control. International Journal of Horticultural Sciences, 14: 15-21 (2008).  

11. J. BALAŽ. Monilinia spp. Kao parazit voćaka. Biljni lekar, 2-3: 155-162 (2000). 
12. J.K.LACK. The spread of apple brown rot (Monilinia fructigena) by insects. Annals of Applied Biology, 

115 (20): 221-227 (1989). 
13. F.BANNON, G.GORT, G.C.M. van LEEUWEN, I.J.HOLB, and M.J. JEGER. Diurnal patters in 

dispersal of Monilinia fructigena conidia in apple orchand in relation to weather factors. Agricultural and 
Forest Meteorology, 148:8 ( 2009). 

14. X.ZHU, X. CHEN, L.GUO. Population structure of brown rot fungi on stone fruits in China. Plant 
Disease, 95(10) 1285-1291 (2011). 

15. J. BORVE, A. STENSVAND. Use of a plastic rain shield reduces fruit decay and need for fungicides in 
sweet cherry. Plant Disease, 87: 523-528 (2003).  

16. M. GRZEGORCZYK, B. ZAROWSKA, C. RESTUCCIA, G. CIRVILLERI. Postharvest biocontrol 
ability of killer yeasts against Monilinia fructigena and Monilinia fructicola on stone fruit. Food 
Microbiology vol. 61, pages 93-101 (2017). 

17. M. PÂRVU, A. PÂRVU. Antifungal plant extract. In: Science against microbial pathogens: 
communicating current research and technological advances A. Méndez-Vilas (Ed.) Formatex, 
Microbiology Book Series Number 3: 1055-1062 (2011). 

18. S. CRISTEA. Testing „in vitro” of some phyto-extracts with antifungal action. Lucrări ştiintifice, 
USAMVB. Seria A, vol XLVII, 288-290 ( 2004). 

19. Y.IIJIMA, B. WATANABE, R. SASAKI, M. TAKENAKA, H.ONO, N. SAKURAI, N. UMEMOTO, H. 
SUZUKI, D. SHIBATA, K. AOKI. Steroidal glycoalkaloid profiling and structures of glycoalkaloids in 
wild tomato fruit. Phytochemistry, Volume 95, 145-157 ( 2013). 

20. M. ITKIM, I. ROGACHEV, N.ALKAN, T. ROSENBERG, S. MALITSKY, L. MASINI, S. MEIR, Y. 
IIJIMA, K.AOKI, R.deVOS, D. PRUSKY, S. BURDMAN, J.BEEKWIDER, A. AHARONI. 



STELICA CRISTEA, MALI SANDA MANOLE, C. ZALA, ȘTEFANA JURCOANE,  SILVANA DĂNĂILĂ – GUIDEA, FLORENTINA MATEI, BRÂNDUŞA DUMITRIU, GEORGETA TEMOCICO,  ALINA-LOREDANA POPA, MIRELA CĂLINESCU, LAURA OLARIU 
 

Romanian Biotechnological Letters, Vol. 22, No. 5, 2017 
 

12978

GLYCOOLKALOID METABOLISM1 is required for steroidal alkaloid glycosylation and prevention of 
phytotoxicity in tomato. Plant Cell, 23, pp. 4507-4525 (2011). 

21. E.S. MILNER, P.N.BRUNTON, W.P.JONES, M.N.O’BRIEN, G.S.COLLINS, A.R.MAGUIRE. 
Bioactivities of glycoalkaloids and their aglycones from Solanum species. Journal of Agricultural and 
Food Chemistry, 59(8), 3454- 3484 (2011). 

22. M.A. CALVO, E.L. AROSEMENA, C. SHIVA, C. ADELANTADO. Antimicrobial activity of plant 
natural extracts and essential oils. In : Science against microbial pathogens: communicating current 
research and technological advances A. Méndez-Vilas (Ed.) Formatex, Microbiology Book Series Number 
3: 1179-1185(2011). 

23. D.K. PANDEY, N.N. TRIPATHI, R.D. TRIPATHI, S.N.DIXIT. Fungitoxic and pfytotoxic of essential 
oil of Hyptis suaveolens. Z. Planzenk, vol. 89, 344-349 (1982). 

24. H.SCHMITZ. Poisoned food technique. Industrial and Engineering Chemistry Analyst. Ed. 2: 361 
(1930). 

25. X.M.XU, J.D.ROBINSON. Epidemiology of brown rot (Monilinia fructigena) on apple: infection of 
fruits by conidia. Plant Pathology 49, 201-206(2000).  

26. J.M. COTÉ, M.C. TARDIF, J.A MELDRUM. Identification of Monilinia Fructigena, M. Fructicola, M. 
laxa, and Monilia Polystroma on inoculated and naturally infected fruit using Multilex PCR. Plant 
Disease.vol.88 No.11, 1219-1225(2004). 

27. E. ICHIM, L. MARUNTESCU, M. POPA, S. CRISTEA. Antimicrobial efficacy of some plant extracts 
on bacterial ring rot pathogen, clavibacter michiganense ssp. sepedonicus. The Eurobiotech Journal, vol 
1 Issue 1, 93-96(2017). 

28. C. GHEORGHIES, S. CRISTEA. Fitopatologie vol 1, Ed Ceres, Bucuresti (2001). 
29. E. ICHIM (IZADI), L. MARUNTESCU, F.MANOLE, S.CRISTEA. Correlation of different Cms strains 

virulence with the ability to induce a non –host hypersensitive response and in vitro cellulolytic activity. 
European Biotechnology Conference Latvia, May 05-07, 2016. Journal of Biotechnology Volume 231 
Supplement: S Pages : S 83-S 83(2016). 

 
 


