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Abstract  
Agrobacterium tumefaciens is a pathogen that causes crown gall of grape and is one of the most 

damaging diseases of grapevine. This pathogen can cause grapevine plants death, reason why should 
apply some agrotechnical measures to stop their spreading in vineyards. In this context, the present 
work aimed to stop the proliferation of pathogenic bacteria by the application of two recipes that had in 
composition the following substances: garlic tincture, sodium hypochlorite, alcohol, copper sulphate. 
The solutions obtained were applied on galls and on several inches of stem located near them, taking 
into account the evolution of precipitation and irrigation. The study was conducted over two years: the 
first year of treatment and observations were carried out in the field and in the second year in a 
protected space (greenhouse). Both recipes had significant efficiency in the destruction of the 
pathogenand diminishing its multiplier potential, by reducing the number and size of galls as compared 

to the control. 
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1. Introduction
Over the years, researchers have studied various chemicals and biological methods for 

controlling pathogenic bacteria Agrobacterium sp. An effective biological method for 
controlling the spread of crown gall of grape is the application of the bacterial suspension of 
Agrobacterium vitis a virulent strain F2/5 on plant tissue injuries and/or by dipping the roots 
of the plant before planting for prevent infection. Unfortunately this treatment has proved 
effective only in greenhouses, not in vineyards (Burr [1]). Other researchers have studied the 
effect of Bacillus subtilis, Penicillium sp., Trichoderma harzianum, K84 and K1026 extracts 
compared with garlic extract on Agrobacterium tumefaciens bacteria in Petri dishes and on 
the galls developed on tomato plants artificially infected with Agrobacterium isolates. The 
best inhibitory effect in reducing the growth of bacterial strains had garlic extract (consisting 
of garlic and sterile distilled water), followed by Bacillus subtilis, Penicillium sp. K84 and 
Trichodermaharzianum (Khlaif [2]). 

Pamfil & al. [3] were obtained powdered bioproducts from Bacillus subtilis, which they 
have been tested on grapevine plant to combat crown gall produced by A. tumefaciens. The 
percentage of the combat, applied in laboratory conditions, was 85-95%, similar to that 
obtained as a result of treatment with a classical antibiotic and above that obtained by the 
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chemical treatment with copper sulphate 1%, where efficacy was 73-80%. Also, for the 
control of the A. tumefaciens pathogen can be used paurin and tumarin biological preparations 
that are produced by Pseudomonas fluorescens. These biological preparations can be used 
even on grapevine plants before planting by dipping the base in the solution for 10-15 min or 
in the vineyard, for sprinkling the injured parties to prevent infection (Lemanova [4]). 

For environmental protection some researchers (Kawaguchi & al. [5]) used a 
nonpathogenic strain of Agrobacterium vitis VAR03-1 as a biological control agent for crown 
gall of grapevine. In a test applied to tomato, sunflower and grapevines with a cells ratio of 
1:1, of pathogen/nonpathogenic strain was obtained the decreasing of galls incidence and 
reducing their size at grapevine, which why the authors consider the method to be effective in 
controlling grapevines crown gall. A significant inhibitory effect in galls development at 
grapevine has demonstrated Rahnella aquatilis HX2 which was isolated from soil, in Beijing. 
In this study led in the field, the immersing of cuttings base in HX2 cell suspension the galls 
development produced by A. vitis K308 was inhibited or completely prevented. HX2 did not 
affect the soil microflora (Chen & al. [6]). Other studies have shown that the antibacterial 
substance produced by this strain has a bactericidal effect against A. vitis virulent strains both 
in vitro and in vivo conditions (Chen & al. [7]). 

In the past, in order to control the soil pathogens and weeds (pre-plant) was used methyl 
bromide with or without chloropicrin for soil fumigation. But, because of the harmful effects 
on the ozone layer the methyl bromide was banned in 2005. The researchers have identified, 
as an alternative to methyl bromide treatment, a combination between1, 3 - dichloropropene 
and chloropicrin. Other alternative is the acrolein, which has been made and recorded for the 
use as an herbicide, but it was used for an effective control on A. tumefaciens pathogen from 
soil (Gerik & Wang [8]).  

The interaction between plant and pathogen was studied in plantations established with 
healthy grapevines plants, pathogen-free, but in soil infected with the Agrobacterium vitis 
pathogen. After 16 months, has detected a high level of infection in grapevines plants sap. 
After soil fumigation with Vortex, repeated analyzes at the same plants, showed a decrease of 
the initial infection and also a low frequency of the gall growth as a result of chemical 
fumigation (Pu & Goodman [9]). 

The eradication procedure of A. tumefaciens pathogens with chemical substances and 
plant extract has proved to be very laborious, requires the application in a particular moment, 
and has a low effect. Moreover, these treatments are costly and with an unpredictable effects 
on the environment. However, the application of certain chemicals such as sodium 
hypochlorite and copper sulfate in combination with garlic tincture can destroy a part of A. 
tumefaciens pathogenic bacteria from soil (Vizitiu & Rădulescu [10]). 

The purpose of this work was the stopping of the proliferation of A. tumefaciens 
pathogenic bacteria in grapevine by the application of two recipes that had in composition the 
following substances: garlic tincture, sodium hypochlorite, alcohol, copper sulphate. 

 
2. Materials and methods 
Pathogens (especially diseases caused by them) can generate extremely large problems at 

grafting and planting material production especially by their presence on graft and stock canes 
harvested in autumn and/or early winter. So far has not been solved the problem caused by 
crown gall of grape, which is often located in the planting material in latent form. 

Crown gall is one of the most damaging diseases of grapevines. This disease can be 
caused by A. tumefaciens or A. vitis. In this study has been shown that the disease was 
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manifested by the galls appearance with different sizes (from 2 cm to 13 cm diameter), caused 
by the A. tumefaciens pathogen presence. 

Grapevine plants (on their own roots) studied in this paper, were identified in an 
abandoned plantation and kept under observation in 2010 in the field. Because the plantation 
follow to be grubbed, the plants were moved (in 2011) in a protected space (greenhouse), 
where observations were continued. 

During the experiment, studied plants weren't fertilized, and agrotechnical works were 
applied identically both the control plants and the plants infected with pathogen A. 
tumefaciens in order to not influence the galls evolution. 

In order to stop the bacteria proliferation on grapevines plants, have been achieved two 
treatment variants that were applied on galls and stem to stop the bacteria multiplication and 
to produce their death. Treated plants belonged to the following Vitis vinifera L. varieties: 
Alphonse Lavallée, Azur, Someșan, Chasselas, selected Coarnă neagră, Cetățuia, Augusta, 
Muscat de Adda. Before applying the first treatment (in 2010) the galls were removed from 
the stem and were transported into laboratory where they have been processed to identify the 
bacteria species using selective culture media (Vizitiu [11]). Phytopathogenic bacteria have 
been identified as A. tumefaciens. 

Treatment variants (R1 and R2 recipes) were prepared as follows: 
R1: garlic tincture, 12.5 ml + sodium hypochlorite (12%), 5 ml + copper sulfate 

(5•H2O), 30 g + distilled water, 1 l. 
R2: garlic tincture, 12.5 ml + alcohol (99.3˚), 25 ml + copper sulfate (5•H2O), 30 g + 

distilled water, 1 l. 
 
Garlic tincture was purchased from the Hofigal, Romania Company and had the 

following composition: 20 g of garlic and 90% v/v ethanol for 100 g of solution. The garlic 
tincture is found in both recipes because, allicin, the main component of garlic, has an 
antibiotic, antifungal and antiviral effect, and it is used to reduce or to prevent the occurrence of 
cancerous tumors in humans (Josling [12]). Therefore, in this paper was monitored the effect of 
this product mixed with various substances on Agrobacterium sp. pathogenic bacteria. 

For this experience were used 48 treated plants, 24 plants for each treatment variant, 
meaning 6 plants from each variety and 16 control plants, two from each variety. The plants 
were treated for 2 years (2010 and 2011).Annual the plants were treated by 5 times with a 
sprayer pump. The solutions were applied on stem portion remaining after galls removing 
(only before the first treatment-February/year), but also around them, on approximately 10 
cm. Also, when some plants formed other galls during the year, the solutions were applied on 
them. The other plants that which have not formed galls, because were stop due the treatments 
were disinfected on stem. 

When the treatments were applied was taken into account the climatic conditions 
because the rainfall does not influence the treatment effect. Also, were monitored the main 
climatic factors: temperature, precipitation and atmospheric humidity both in the field (Table 
1) and in greenhouse (Table 2) during the experiment. 
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Table 1.Evolution of the main climatic factors from Stefanesti-Argeș vineyard, in 2010 
 

I II III IV V VI VII VIII IX X XI XII 
Monthly maximum temperatures (in air) oC 
17.8 17.7 20.9 22.6 27.7 33.8 32.4 34.9 29.4 17.6 24.8 17.4 

Monthly minimum temperatures (in air) oC 
-10.8 -12.2 -7.3 1.2 6.5 8.4 12.9 10.2 6.3 -2.7 -1.6 -14.5 
Average temperature oC 
-2.0 1.4 5.3 11.5 15.9 19.9 22.1 23.5 16.7 8.4 9.7 0.2 

Monthly evolution of precipitation (698,3 mm/year) 
43.4 56.0 38.4 52.0 128.5 154.6 99.2 35.4 20.6 70.2 0.0 0.0 

Atmospheric humidity % 
88 74 70 59 70 69 69 63 59 67 78 83 

 
According to data from NRDIBH Ștefănești, in 2010 the temperatures didn’t show 

significant increases and decreases and have not negatively affected the grapevine plants 
growth. In the same period the rainfall from the viticultural area was characterized by an 
annual average of 698.3 mm, the normal values for Ștefănești vineyard and with an 
atmospheric humidity values between 59 and 88% (Table 1). 

After achievement the observations at treated infected plants and at the control plants 
situated in the field, for further experiments and to study them in other conditions, but also 
because the plantation attend to be disafforest, the plants were removed and transplanted in 
plastic containers in greenhouse. 

During the experiments were recorded air temperature and humidity with a thermo 
hygrograph. The data showed the large differences between the minima and maxima of 
temperature in the same month, as follows: the minimum temperature varied from -5.5°C to 
19.6°C, while the maximum temperature had recorded values between 16.4°C to 40.4°C. The 
atmospheric humidity, in the same greenhouse, had recorded during a year values between 
85% and 97%. 

 
Table 2.Evolution of the main climatic factors under greenhouse conditions in 2011 

 
I II III IV V VI VII VIII IX X XI XII 

Monthly maximum temperatures (in air) oC 
19.3 16.4 28.0 32.4 35.1 38.6 40.4 46.5 38.06 33.2 22.8 20.4 

Monthly minimum temperatures (in air) oC 
-5.5 -6.1 2.5 8.0 13.6 15.75 19.6 15.7 12.17 14.5 -1.2 -1.5 

Average temperature oC 

6.9 5.2 15.3 20.2 24.4 28.2 30.0 31.1 25.6 23.4 10.8 9.5 

Atmospheric humidity % 

85 85 91 90 94 95 96 97 97 97 85 85 

 
The data were presented in tables and graphs, and statistical interpretation was performed 

using SPSS for Windows 10. The experiments were organized in 24 repetitions/recipe for 
determining the treatments efficiency applied on grapevine plants infected with A. 
tumefaciens. Values from graphic indicate average ± d.s. The differences between the variants 
compared with the control were analyzed with One Way ANOVA – LSD, considering as 
significant at P <0.05. 
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3. Results and Discussions 
The observations made on A. tumefaciens infected plants treated with R1 and 

R2comparatively with untreated infected plants have shown that the treatments had delayed, 
in some cases, the galls apparition up to 12 days (Table 3), and in other cases it have 
completely inhibited their development (Table 4). The result from this study it was similar 
with that obtained by Moldenhauer & Hegland [13], but they apply the garlic solution on 
green bean plants infected artificial and without galls. 

 
Table3. The galls apparition moment at studied plants 

 

Treatment 
application 

The galls appearance period  
The period of 

treatments 
application 

At diseased 
control plants, but 

untreated 

At treated 
diseased plants  

In the field 
 (2010) 

20.07.2010– 
30.07.2010 

02.08.2010 

-10.02.2010 
-08.04.2010 
-03.08.2010 
-02.09.2010 
-10.09.2010 

In the greenhouse 
(2011) 

25.07.2011– 
01.08.2011 

03.08.2011 

-10.02.2011 
-07.04.2011 
-04.08.2011 
-01.09.2011 
- 12.09.2011 

 
The plants from Muscat of Adda, Someșan and Chasselas varieties, after galls removing 

in the late winter of 2010, and after appropriate treatments application, they have not formed 
other galls. At the control, where was monitored the untreated diseased plants, the galls were 
developed in a larger number than at the treated plants (Table 4). 

After applying two treatments, the first in February and the second in April, until August, 
the galls did not developed at 23 of the 48 studied grapevine plants. By the end of 2010, from all 
treated plants, only 9 plants did not form at all galls. In 2011, after applying the same treatment 
scheme, it has been found that, of the total number of treated plant, 14 did not form galls. 

 
Tabel 4.Treatment variants effectiveness (R1 and R2) on studied grapevines plants 

Recipe 
Studied 
plants  
(no.) 

2010 2011 

Average 
Difference 

(%) Plants 
(no.) 

Galls 
/plant 
(no.) 

Galls 
average 
/plant 
(no.)

Plants 
(no.) 

Galls 
/plant 
(no.) 

Galls 
average 
/plant 
(no.)

R1 24 
6 0 

1.04 
9 0 

0.79 0.92 45 17 1 14 1 
1 8 1 5 

R2 24 
3 0 

1.38 
5 0 

1.13 1.26 61 9 1 11 1 
12 2 8 2 

Untreated 
control 

16 

5 3 

1.96 

3 4 

2.13 2.05 100 9 2 3 3 
- - 8 2 
2 1 2 1 
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In control plants (affected but untreated) the galls number per plant has averaged of 2.05, 
ranging between 1.96 in 2010 and 2.13 in 2011. While treatment with R2 has reduced the 
number of galls/plant at 1.38 in 2010 and 1.13 in 2011, the treatment with R1 showed a better 
efficiency reducing the number of galls/plant to 1.04 in 2010 and 0.79 in 2011. Therefore, 
after R1 treatment application, on infected plants, the galls number was an average of 0.92, 
with 55% lower compared to the untreated infected control. In the case of the application of 
R2 treatment, the galls number average per plant was 1.26, lower by 39% compared to the 
untreated control (Table 4). However, the data were statistically analyzed to provide accurate 
information about the treatments efficiency at galls recurrenceon treated plants (Fig 1). 

 
 
 
 
 
 
 
 

Figure 1. Influence of R1 and R2 treatment on 
galls 

 
 
 
 
 

The values represent galls frequency averages with afferent standard deviations obtained 
at a number of 24 repetitions/treatment variant (recipe); the bars indicate standard deviations 
and the letters represent the significance of differences compared to the control at P<0.05. 

The treatments applied to the plants infected with A. tumefaciens were significant 
efficiency compared with the untreated control both in 2010 and 2011 (Fig 1). Also, in both 
treatment periods, the R1, although inhibited even better galls recurrence, large differences 
between measurements (galls number/treated plant) led to large standard deviations, which 
means that the probability for repetition of the R1 treatment effect is lower. In the case of the 
second recipe, though galls number average/plant was higher (respectively 1.375 in 2010 and 
1.125 in 2011), thus apparently the treatment efficiency would be lower, but because of 
smaller standard deviation compared to R1 the repetition probability of the recipe effect is 
higher. It can be said so that the recipe 2 increased efficiency compared to the first recipe. 
This is due to the alcohol found in the R2 composition. Therefore, the combination between 
garlic tincture and copper sulfate has a better significantly effect in preventing and stopping 
galls apparition when they are alongside of alcohol (R2) than in combination with sodium 
hypochlorite (R1); even though in literature sodium hypochlorite is used to disinfect the tools 
used to cut diseased plants (Maina & al. [14]). 

The garlic was used by other researchers, such as Hosseinzadeh & al. [15] that were 
evaluated the anticancer effect of methanolic and aqueous extract of garlic by inhibition of the 
formation of tumor on potato disc induced by A. tumefaciens. Their conclusion was that both 
extracts demonstrated antitumor activity against A. tumefaciens on disc assay. 

The studies achieved during the experiment revealed significant differences between 
control (untreated plants with symptoms of crown gall) and infected plants but treated with R1 
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and R2. Thus, at untreated affected plants (Fig 2) have appeared galls in a larger number in 
comparison with R1 and R2 treated affected plants (Fig 3). 

 
 
 
 
 
 
 
 

Figure 2. Galls evolution at grapevine control plants 
(original) 

 
 

 
 
 
 
 

Figure 3. Galls evolution at treated grapevine 
plants (original) 

 
The attack degree of A. tumefaciens bacterium (galls apparition) was higher at Azur and 

Augusta varieties compared to Muscat de Adda, Someșan, Alphonse Lavallée,  Cetățuia, selected 
Coarnă neagră and Argessis varieties, but lower than grapevine plants affected but untreated. 

Alphonse Lavallée, Cetățuia and selected Coarnă neagră varieties were formed galls at 
ground level, which have stopped from growing after the application of 5 treatments per year. 
After each treatment the galls ceases their growth, become brown, but after irrigation began to 
grow again. For this reason the soil has been removed around the galls because the water to 
not come into contact with it. Then, the repeated treatment led to the galls drying. Therefore, 
the cold water that comes in contact with the galls stops the treatment variants effect,and the 
galls continue their growth. 

The observations and determination made after the application of treatment scheme 
showed that the galls apparition was 100% inhibited at some plants from Someșan, Chasselas 
and Muscat de Adda varieties. Probably this happened due to varieties molecular structure 
and due to the efficiency of the garlic tincture and copper sulphate which were found in both 
recipes. It is known that copper can kill bacteria in small surface galls, but is not effective 
against bacteria that are systemically established in the vine (Moyer & O’Neal [16]). 

The studies made till now on Agrobacterium sp. pathogens have demonstrated that, 
doesn’t exist ways to combat this pathogen when bacterial cells are in plant tissues. Therefore, 
if in a vineyard are identified diseased plants, is recommended to remove and burn them and 
disinfect the soil from that area, or application of chemical and/or biological substances on 
plants and soil to stop the proliferation and spreading of bacteria.  

 
4. Conclusions 

The treatments with R1 (garlic tincture, sodium hypochlorite, copper sulfate, distilled 
water) and R2 (garlic tincture, alcohol, copper sulfate, distilled water) applied on the 
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grapevine plants infected with Agrobacterium tumefaciens had significant efficiency in 
destroying pathogen agent and in diminishing its multiplier potential. 

Because the repetition probability of the treatment effect on grapevine crown gall, it is 
considered that the recipe 2 showed a constant effect in stopping the proliferation of 
Agrobacterium tumefaciens pathogenic bacteria, for which is recommend its use in the field 
and greenhouse. 

Both treatment variants inhibited 100% galls apparition at plants from Someșan, Chasselas and Muscat de 
Adda grapevine varieties and only partially at other varieties. 
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