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ABSTRACT 

Powdery mildew of grapevine, Erysiphe necator, is a very destructive grape disease, causing 

great economic production losses. That is why, regular fungicide applications are required. In recent 

years, due to the rise of the environmental awareness, alternative methods in controlling various plant 

diseases have slowly taken over the primacy from the classic chemical control. The aim of these 

experiments was to study the possibility for biological control of powdery mildew of grapevine with 

novel biofungicides Vintec (a.i. Trichoderma atroviride strain SC1) and Serenade Aso (a.i. Bacillus 

subtilis strain QST 713). Experiments were conducted during 2023 in the regions of Demir Kapija 

and Negotino, on two grape varieties, Riesling and Vranec. In the untreated variant in Negotino region, 

very high level of disease severity (44.8%) on bunches was observed, which demonstrated the 

destructive potential of this disease in our country. In Demir Kapija region, significantly lower level 

of disease severity was observed in the untreated variant (7.6%). In conditions of very high levels of 

disease severity, both of the tested biofungicides showed comparable and good fungicide 

effectiveness, above 90% (Serenade Aso – 94.64 % and Vintec – 97.03 %). In the region of Demir 

Kapija, where the level of disease severity was lower, both biofungicides reached absolute efficacy 

performance of 100%. 
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INTRODUCTION 
The causal agent of grape powdery mildew, Erysiphe necator Schw. (syn. Uncinula 

necator (Schw.) Burr.), represents one of the most important parasitic fungi on this host. Powdery 

mildew of grapevine is economically very important disease, causing a significant loss in the 

quantity and quality of yield (Gadoury et al. 2001; Ahmed, 2018; Yparraguirre et al., 2020). It 

attacks all green parts of the plant, i.e. leaves, stems, inflorescences, young berries, and pedicles 

(Sawant et al., 2012). In our climate conditions it occurs every year, both on wine and table grape 

varieties, with a stronger or weaker intensity of attack, sometimes developing with epiphytotic 

proportions, generally causing more damage on the wine varieties.  

Management of powdery mildew in grapes is largely dependent upon the use of chemical 

fungicides, and interestingly, grapes are considered to be one of the high pesticide-demanding 
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crops (Pertot et al., 2017; Arestova and Ryabchun, 2021). Worldwide, an average of 35% of all 

pesticides produced are used in viticulture (Essling et al., 2021). 

Though disease management still relies on various classes of chemical fungicides, their 

rational use based on pathogen life cycle, observed disease development risk (crop stage, weather) 

and the risks associated with fungicide (resistance, residue) is always promoted (Sawant et al., 

2019). The persistent use of chemical fungicides develops pathogen resistance and environmental 

pollution (Chen et al., 2007; Zang et al., 2020). The economic costs and negative environmental 

impact associated with these applications has led to a recent search for alternative strategies, 

involving biological stimulation of host defence mechanisms (Ait Barka et al. 2002).  

The development of resistance in pathogens and the environmental and health concerns 

associated with the residual toxicity of chemical fungicides have driven researchers and grape 

growers to explore alternative strategies (Yildirim and Dardeniz, 2010; Miles et al., 2012; 

Fernández-González et al., 2013; Çetinkaya and Fadime, 2016). With the increasing removal of 

active ingredients and chemical fungicides from the list of acceptable compounds, coupled with 

the rising demand for residue-free grapes, there is an urgent need to identify effective alternatives 

for disease management in organic viticulture systems (Carisse et al., 2009; Yildirim and Dardeniz, 

2010; Lu et al., 2020). 

In this context, the use of microbe-based approaches to control powdery mildew has 

emerged as a promising solution. These methods are reported to be environmentally friendly, 

residue-free, and safer for effectively managing the powdery mildew pathogen (Hayes, 2015; 

Kumar et al., 2021; Pathma et al., 2021; Sellitto et al., 2021). Recently, several microbial biological 

control agents have been evaluated and utilized for managing powdery mildew in grapes. Notable 

examples include: Ampelomyces quisqualis, Trichoderma harzianum, T. asperellum, T. virens, 

Pythium oligandrum, Pseudozyma flocculosa, Bacillus subtilis, B. licheniformis, B. brevis, B. 

cereus, Pseudomonas fluorescens, and Streptomyces cacaoi (Rao et al., 2015; Damalas and 

Koutroubas, 2018; Thakur et al., 2020; Salimi and Hamedi, 2021). 

Since some of the most studied biocontrol agents are fungi belonging to the genus 

Trichoderma (Harman et al., 2004; Lorito et al., 2010; Woo et al., 2014), and also considerable 

work has been conducted on the interaction of plant pathogenic fungi with Bacillus sp.  (Ben 

Maachia et al., 2010; Kuzmanovska et al., 2023; Sawant, 2023), in this study we have decided to 

focus on these two biocontrol agents, that is T. atroviride (Vintec) and B. subtilis (Serenade Aso), 

and the possibility of replacing the chemical with biological treatments. 

 

MATERIAL AND METHODS 
  

The research was conducted during 2023 in two vine growing regions: Demir Kapija and 

Negotino. In the region of Demir Kapija, the test was conducted on the Riesling grapevine variety 

and in the region of Negotino, the experiment was performed on the Vranec variety. Both of the 

varieties were grown on low-cordon trellises. The treatments were preventive. Each trial consisted 

of three different variants, (two variants tested with biofungicides Vintec and Serenade Aso and 

the untreated variant - control). The variants are shown in Table 1.   

 

 

 

 

 



Journal of Agricultural, Food and Environmental Sciences Vol 78 No 2 (2024) 20-27 

22 
 

Table 1. Tested variants represented in the regions of Demir Kapija and Negotino in 2023 

No. Biofungicides Active substance 
Content of active 

substance 
Producer 

Rate of 

application 

1. VINTEC  
Trichoderma atroviride 

strain SC1 
1x1013 CFU/kg 

BI-PA NV/SA 

Belgium 
200 g/ha 

2. 
SERENADE 

ASO 

Bacillus subtilis 

strain QST 713 
13,96 g/L 

Bayer 

Germany 
4 L/ha 

3. CONTROL             Untreated 

 

A randomized block design with three replicates was used. In each variant, on an 

experimental block of 100 m2, a total of 30 plants of grapevine were included. Application of 

pesticides was foliar, performed with the use of a hand-compression sprayer with a volume of 10 

L. Total of 4 foliar applications were performed with the biofungicides Vintec and Serenade Aso, 

in an interval of 7-10 days. All of the treatments were performed in June, on the following dates: 

I treatment - 5.6.2023, II treatment - 14.6.2023, III treatment - 21.6.2023 and IV treatment - 

28.6.2023. Efficacy of the tested biofungicides was conveyed 7 days after the fourth treatment 

(5.7.2023). From each variant, 200 leaves and 50 bunches were randomly evaluated, based on 

which the disease incidence and disease severity on leaves and bunches were calculated. The 

incidence of the disease (I=incidence) was determined according to the formula: 

I% = Number of infected leaves/bunches/Total of leaves/bunches evaluated × 100% 

The severity of the disease was classified on a scale of 0 to 5, where: 0 = no infection; 1 = 1-10% 

of leaf area infected with powdery mildew; 2 = 11-25%; 3 = 26-50%; 4 = 51-75% and 5 = 76-

100% (Horsfall and Heuberger, 1942). The disease severity index was, after that, calculated 

according to the Townsend-Heuberger’s formula (Townsend-Heuberger, 1943). The efficacy of 

the tested fungicides was calculated according to the Abbott’s formula (Abbott, 1925).  

 

RESULTS AND DISCUSSION 
 

 During the vegetation in 2023, the disease incidence and severity of powdery mildew in 

grape vines in the untreated control trial blocks varied among regions and plant parts. In both of 

the tested regions, Demir Kapija and Negotino, no disease symptoms were observed on the leaves 

of the infected plants, only on the bunches.  

There was also a significant difference of detected disease incidence and severity between 

the regions. In the region of Demir Kapija, a relatively mild infection with disease severity of 

7.6%, and a low level of disease incidence of 20% were measured. In these conditions, both of the 

tested biofungicides, Vintec and Serenade Aso, used in their proposed rates, achieved maximal 

level of efficacy (100%) in the treated trial blocks (Table 2). 

In the region of Negotino, a very high levels of disease severity (44.8%) and disease 

incidence (84%) were measured. In these severe disease conditions, both of the tested 

biofungicides, used in their proposed rates with proper application, showed comparable and very 

high fungicide efficacy, above 90%. For Serenade Aso, the fungicide efficacy measured was 

94.64% and for Vintec was even superior, with 97.03% (Table 3). During the trials, no negative 

effects were detected during the usage of the biofungicides on the tested plants of grape vine in 

the proposed rates. 
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Table 2. Efficacy of the biofungicides Sonata and Serenade Aso in the control of Erysiphe necator 

on Riesling variety in the region of Demir Kapija  
  VINTEC SERENADE ASO CONTROL 

Leaves Bunches Leaves Bunches Leaves Bunches 

Disease 

incidence (%) 
0 0 0 0 0 20 

Disease severity  

(%) 
0 0 0 0 0 7.6 

Efficacy of 

fungicides (%) 
/ 100 / 100 / / 

 

Table 3. Efficacy of the biofungicides Sonata and Serenade Aso in the control of Erysiphe necator 

on Vranec variety in the region of Negotino  
  VINTEC SERENADE ASO CONTROL 

Leaves Bunches Leaves Bunches Leaves Bunches 

Disease 

incidence (%) 
0 8 0 8 0 84 

Disease severity  

(%) 
0 1.33 0 2.4 0 44.8 

Efficacy of 

fungicides (%) 
/ 97.03 / 94.64 / / 

 

 Other authors also found biofungicides based on Trichoderma and Bacillus species to be 

very effective against powdery mildew. Sawant (2023) found that induction of the resistance 

mechanism of grapevines by soil application of specific Trichoderma and Bacillus strains was 

another excellent opportunity for reducing disease build-up and spread of powdery mildew and 

other pathogen diseases. He emphasized that Bacillus species had the unique ability to produce 

endospores, which rendered resistance capacity to adverse environmental conditions. 

Due to their capabilities, Gram-positive bacteria, particularly Bacillus species, have gained 

significant attention as effective biological control agents and offer formulation advantages over 

Gram-negative bacteria (Emmert and Handelsman, 1999; Schisler et al., 2004). Bacillus spp. have 

been shown to control various plant diseases, primarily through the production of broad-spectrum 

antibiotics and their extended shelf life, which is attributed to their ability to form endospores 

(Emmert and Handelsman, 1999). 

Bacillus biofungicidal effects were also observed by Ben Maachia et al. (2010). In this 

study, 29 bacterial strains have been tested, from which 6 isolates with high biocontrol activity 

against U. necator were selected. Dario et al. (2008) reported that commercial formulations of 

Bacillus subtilis, such as Serenade and Milastin K, demonstrated effective and reliable suppression 

of U. necator under both greenhouse and field conditions. Among these, Milastin K showed the 

highest effectiveness in disease control and yield improvement when used in rotation with 

fungicides (Dario et al., 2008; Sawant et al., 2011). Commercial formulations of Bacillus pumilus 

and Bacillus subtilis have also been tested in Republic of North Macedonia (Kuzmanovska et al., 

2023), showing that biopesticides are potent biological agents and have a prospective use in 

Integrated Pest Management.    

 Although Bacillus species are undeniably important for plant protection, Mukhopadhyay 

and Kumar (2020) demonstrated that Trichoderma was highly effective at inhibiting the growth of 

phytopathogens and proved to be the most efficient bioagent against a variety of soil and foliar 

pathogens. Studies have also shown that applying biocontrol agents to the phyllosphere can induce 

systemic resistance in plants (Sawant et al., 2020), with field applications of Trichoderma strains 
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boosting grapevine resistance to powdery mildew. Weekly preventive treatments with a 

commercial product containing Trichoderma viride strain CCBLA103, from the flowering stage 

to berry ripening, achieved over 80% disease control on Vitis vinifera cultivar Italia (Yparraguirre 

et al., 2020). In Egypt, Ahmed (2018) applied a mixture of Trichoderma species—T. harzianum, 

T. hamatum, and T. viride—to manage powdery mildew in a Thompson Seedless vineyard and 

observed a notable reduction in disease severity and incidence under conditions of moderate to 

low disease pressure. 

 Biocontrol agents do not always have to be observed separately. Kokare and Saha (2024) 

have suggested that Trichoderma asperelloides and Ampelomyces quisqualis in alternation with 

sulphur had the potential to be used as an alternative to chemical fungicides for the control of grape 

powdery mildew. Other authors have also observed that biocontrol agents used together with 

sulphur application indicated that the biocontrol agents could reduce the persistent fungal mycelia 

from the infected vines, (Sawant and Sawant, 2010; Ahmed 2018). Malviya et al. (2022) have 

observed that application of bioformulations individually or in combination with sulphur, 

significantly decreased powdery mildew disease on leaves and bunches and increased the quality 

parameters in grapes under this pathogenic stress.  

These results demonstrate that even severe diseases like powdery mildew can be effectively 

managed with biofungicides, offering an environmentally friendly and health-safe alternative, 

marking a new era in plant protection. Overall, it can be concluded that biocontrol agents have 

bright future in replacing chemical fungicides, used alone, or in combination with other agents.  

 

REFERENCES 

Abbott, W.S.A. (1925). Method of Computing the Effectiveness of an Insecticide. Journal of 

Economic Entomology, 18(2), 265–267. 

Ahmed, M. (2018) .Evaluation of some biocontrol agents to control Thompson seedless grapevine 

powdery mildew disease. Egyptian Journal of Biological Pest Control, 28, 1-7. 

https://doi.org/10.1186/s41938-018-0098-0 

Ait Barka, E.S., Gognies, J., Nowak, J.C., Audran, J.C., & Belarbi, A. (2002). Inhibitory effect of 

endophyte bacteria on Botrytis cinerea and its influence to promote the grapevine growth. 

Biological Control, 24, 135-142. 

Arestova, N., & Ryabchun, I. (2021). Pesticide load reducing in vineyard protection from powdery 

mildew. In E3S Web of Conferences, (EDP Sciences), 73, 01001. doi: 

10.1051/e3sconf/202127301001 

Ben Maachia, S., Omri, N., Chebil, S., El Hassni, M., El Hadrami, I., & Chérif, M. (2010). Bacillus 

Induces Phenolic Compounds and Enhances Resistance to Uncinula necator Infection in 

Grapevine Leaves. The African Journal of Plant Science and Biotechnology, 4 (Special Issue 

2), 46-53.  

Carisse, O., Bacon, R., Lefebvre, A., & Lessard, K. (2009). A degree-day model to initiate 

fungicide spray programs for management of grape powdery mildew [Erysiphe necator]. 

Can. J. Plant Pathol. 31, 186–194. doi: 10.1080/07060660909507592 

Çetinkaya, N., & Fadime, A. T. E. S. (2016). Effects of soil application and cultivation methods 

on the development of powdery mildew (Erysiphe necator Schwein.) and yield in sultanina 

grape. J. Turk. Phytopathol. 45, 45–52. Available online at: 

https://scholar.google.co.in/citations?user=Xz_ KVWQAAAAJ&hl=en&oi=sra 



Bandjo Oreshkovikj et al. 

 

25 
 

Chen, W.J., Delmotte, F., Richard-Cervera, S., Douence, L., Greif, C., & Corio-Costet, M.F. 

(2007). At least two origins of fungicide resistance in grapevine downy mildew populations. 

Appliedl Environmental Microbiology, 73, 5162–5172. 

Damalas, C.A., & Koutroubas, S.D. (2018). Current status and recent developments in biopesticide 

use. Agric. 8, 13. doi: 10.3390/agriculture8010013 

Dario, A., Loris, M., Carmela, S., Gianpiero, M., & Nicola, B. (2008). Efficacy of microorganisms 

and natural products against grapevine powdery mildew. IOBC/wprs Bulletin, 36, 25–30. 

Emmert, E.A.B., & Handelsman, J. (1999). Biocontrol of plant disease: a (Gram-) positive 

perspective. FEMS Microbiology Letters, 171, 1-9. 

Essling, M., McKay, S., & Petrie, P. R. (2021). Fungicide programs used to manage powdery 

mildew (Erysiphe necator) in Australian vineyards. Crop Prot. 139, 105369. doi: 

10.1016/j.cropro.2020.10 5369 

Fernández-González, M., Rodríguez-Rajo, F.J., Escuredo, O., & Aira, M.J. (2013). Optimization 

of integrated pest management for powdery mildew (Uncinula necator) control in a vineyard 

based on a combination of phenological, meteorological and aerobiological data. J. Agric. 

Sci., 151, 648–658. doi: 10.1017/S0021859612000743 

Gadoury, D.M., Seem, R.C., Pearson, R.C., Wilcox, W.F., & Dunst, R.M. (2001). Effects of 

powdery mildew on vine growth, yield, and quality of concord grapes. Plant Disease, 85, 

137-140. 

Harman, G.E., Howell, C.R., Viterbo, A., Chet, I., & Lorito, M. (2004). Trichoderma species, 

opportunistic avirulent plant symbionts. Nature, 2, 43e56. 

Hayes, P. (2015). Research review: What’s the world doing in grape and wine research? Part 3. 

Wine Viticult. J., 30, 15–19. doi: 10.3316/informit.378402510727257 

Horsfall, J.., & Heuberger, J.W. (1942). Measuring magnitude of a defoliation disease in 

tomatoes.  Phytopathology, 32, 226-232. 

Kokare, N.B., & Saha, S. (2024). Bioefficacy studies of Trichoderma asperelloides and 

Ampelomyces quisqualis in combination with sulphur for the management of powdery 

mildew of grapes. Grape Insight, 2(1), 50-57. 

Kumar, J., Ramlal, A., Mallick, D., & Mishra, V. (2021). An overview of some biopesticides and 

their importance in plant protection for commercial acceptance. Plants, 10, 1185. doi: 

10.3390/plants10061185 

Kuzmanovska, B., Rusevski, R., Bandzo Oreshkovikj, K., & Jankulovska, M. (2023). Bacillus spp. 

– a potent biological control agents against downy mildew of grapevine. Journal of 

Agricultural, Food and Environmental Sciences, 77 (2), 26-32. 

Lorito, M., Woo, S.L., Harman, G.E., & Monte, E. (2010). Translational research on Trichoderma: 

from ‘omics to the field. Annu. Rev. Phytopathology, 48, 395e417. 

Lu, H., Wu, Z., Wang, W., Xu, X., & Liu, X. (2020). RS-198 Liquid biofertilizers affect microbial 

community diversity and enzyme activities and promote Vitis vinifera L. Growth. BioMed 

Res. Int., 1–10. doi: 10.1155/2020/5204348 

Malviya, D., Thosar, R., Kokare, N., Pawar, S., Singh, U.B., Saha, S., Rai, J.P., Singh, H.V., 

Somkuwar, R., & Gand Saxena, A.K. (2022). A Comparative Analysis of Microbe-Based 

Technologies Developed at ICAR-NBAIM Against Erysiphe necator Causing Powdery 

Mildew Disease in Grapes (Vitis vinifera L.). Front. Microbiol., 13:871901. 

doi:10.3389/fmicb.2022.871901 



Journal of Agricultural, Food and Environmental Sciences Vol 78 No 2 (2024) 20-27 

26 
 

Miles, L.A., Miles, T.D., Kirk, W.W., & Schilder, A.M.C. (2012). Strobilurin (QoI) resistance in 

populations of Erysiphe necator on grapes in Michigan. Plant Dis., 96, 1621–1628. doi: 

10.1094/PDIS-01-12-0041-RE 

Mukhopadhyay, R., & Kumar, D. (2020). Trichoderma: a beneficial antifungal agent and insights 

into its mechanism of biocontrol potential. Egyptian Journal of Biological Pest Control, 

30(1), 1-8. https://doi.org/10.1186/s41938-020-00333-x 

Pathma, J., Kennedy, R.K., Bhushan, L.S., Shankar, B.K., & Thakur, K. (2021). “Microbial 

Biofertilizers and Biopesticides: Nature’s Assets Fostering Sustainable Agriculture”, In 

Recent Developments in Microbial Technologies. Singapore: Springer., p. 39–69. doi: 

10.1007/978-981-15-4439-2_2 

Pertot, I., Caffi, T., Rossi, V., Mugnai, L., Hoffmann, C., Grando, M. S., Gary, C., Lafond, D., 

Duso, C., Thiery, D., Mazzoni, V., & Anfora, G. (2017). A critical review of plant protection 

tools for reducing pesticide use on grapevine and new perspectives for the implementation 

of IPM in viticulture. Crop Prot., 97, 70–84. doi: 10.1016/j.cropro.2016.11.025 

Rao, M.S., Umamaheswari, R., Chakravarthy, A. K., Grace, G.N., Kamalnath, M., & Prabu, P. 

(2015). A frontier area of research on liquid biopesticides: the way forward for sustainable 

agriculture in India. Curr. Sci., 108, 1590–1592. 

Thakur, N., Kaur, S., Tomar, P., Thakur, S., & Yadav, A.N. (2020). Microbial biopesticides: 

current status and advancement for sustainable agriculture and environment. In New and 

future developments in microbial biotechnology and bioengineering, Elsevier., p. 243–282. 

doi: 10.1016/B978-0-12-820526-6.00016-6 

Salimi, F., & Hamedi, J. (2021). “Biopesticides: microbes for agricultural sustainability”, in Soil 

Microbiomes for Sustainable Agriculture. Cham: Springer. p. 471–501. doi: 10.1007/978-3-

030-73507-4_15 

Sawant, S., & Sawant, I. (2010). Improving the shelf life of grapes by pre-harvest treatment with 

Trichoderma harzianum 5R. Journal of Eco-Friendly Agriculture, 5(2), 179–182. 

Sawant, S.D., Sawant, I.S., Shetty, D., Shinde, M., Jade, S., & Waghmare, M. (2011). Control of 

powdery mildew in vineyards by Milastin K, a commercial formulation of Bacillus subtilis 

(KTBS). J. Biol. Control, 25, 26–32. doi: 10.18311/jbc/2011/3837 

Sawant, I.S., Rajguru, Y.R., Salunkhe, V.P., & Wadkar, P.N. (2012). Evaluation and selection of 

efficient isolates of Trichoderma species from diverse locations in India for biological 

control of anthracnose disease of grapes. Journal of Biological Control, 26, 50-60. 

doi.org/10.18311/ jbc/2012/3510 

Sawant, I.S., Yadav, D.S., Sawant, S.D., Saha, S., & Shabeer, T.P.A. (2019). Bio-intensive disease 

and pest management strategies for safe and sustainable quality grape production. Technical 

Bulletin, no. 17. ICAR-NRC Grapes, Pune., 26 p. 

Sawant, I., Wadkar, P., Ghule, S., Salunkhe, V., Chavan, V., & Sawant, S. (2020). Induction of 

systemic resistance in grapevines against powdery mildew by Trichoderma asperelloides 

strains. Australasian Plant Pathology, 49, 107–117. https:// doi.org/10.1007/s13313-020-

00679-8 

Sawant, I.S. (2023). Microbes in management of fungal diseases of grape. Grape Insight, 1(2), 59-

69. 

Schisler, D.A., Slininger, P.J., Behle, R.W., & Jackson, M.A. (2004). Formulation of Bacillus spp. 

for biological control of plant diseases. Phytopathology, 94, 1267-1271. 



Bandjo Oreshkovikj et al. 

 

27 
 

Sellitto, V.M., Zara, S., Fracchetti, F., Capozzi, V., & Nardi, T. (2021). Microbial biocontrol as an 

alternative to synthetic fungicides: Boundaries between pre-and post-harvest applications on 

vegetables and fruits. Ferment., 7, 60. doi: 10.3390/fermentation7020060 

Townsend, G.R., & Heuberger., J.W. (1943). Methods for estimating losses caused by diseases in 

fungicides experiments. Plant Disease Reporter, 27, 340-343. 

Woo, S.L., Ruocco, M., Vinale, F., Nigro, M., Marra, R., Lombardi, N., Pascale, A., Lanzuise, S., 

Manganiello, G., & Lorito, M., (2014). Trichoderma-based products and their widespread 

use in agriculture. Open Mycol. J., 8, 71e 126. 

Yildirim, I., & Dardeniz, A. (2010). Effects of alternative spray programs and various 

combinations of green pruning on powdery mildew [Uncinula necator (Schw.) Burr.] in 

Karasakiz (Kuntra) grape cultivar. Turk. J. Agric. For., 34, 213–223. doi: 10.3906/tar-0809-

27 

Yparraguirre, H.C., Siguas-Guerrero, J.J., Prado-Flores, V., Galliani-Pinillos, C., & Soria-Juan, J. 

(2020). Antagonism potential of Trichoderma viride against Erysiphe necator in the culture 

of grapevine under field conditions. Journal of Plant Pathology and Microbiology, 11, 489. 

https://doi.org/10.35248/2157-7471.20.11.489 

Zang, C., Lin, Q., Xie, J., Lin, Y., Zhao, K., & Liang C. (2020). The biological control of the 

grapevine downy mildew disease using Ochrobactrum sp. Plant Protection Science, 56, 52–

61. 

 
 

 


