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Abstract 
 
The research was carried out in a family vineyard from Arad County, Buteni village, during 2018-2019, on Cardinal, 
Victoria, and Merlot, varieties. In the experimental versions, 1 or 2 copper treatments were added in the normal scheme 
of phytosanitary treatments for diseases and pest control. Copper is essential in grapevine growing, for grapevine 
downy mildew (Plasmopara viticola) control. The research plots were superior to the control concerning the 
percentage of annual wood maturation, the canes content in carbohydrates and the buds viability. In the V7 variant 
were obtained the best results, sprayed with 2.42 kg/ha copper hydroxide (Cu(OH)2) applied three times: before 
flowering, berry development, respectively after veraison. The second was V5 variant in which was applied 1.61 kg/ha 
of copper hydroxide (Cu(OH)2) two times: at berry development, and after veraison. In the last place as concern the 
percentage of wood maturation, the content of the cane in carbohydrates and the buds viability, was the control variant 
V1 on which was applied a single treatment with copper, respectively 0.807 kg/ha of copper hydroxide (Cu(OH)2) after 
veraison. 
 
Key words: copper, carbohydrates, wood maturation, sensitive varieties, frost resistance.  
 
INTRODUCTION 
 
Copper is very important for plants, with 
unique fungistatic and bactericidal activity due 
to the copper ions (Cu ++) released in the water 
(Yruela, 2005). Copper ions are passively 
absorbed by fungi and bacteria during growth 
and accumulate until the concentration 
becomes lethal to the cells (Sommers, 2008). 
Copper is component of enzymes and enzyme 
activator and acts as a catalyst (Festa and 
Thiele, 2011). Copper is vital to all plants and 
is involved in the chlorophyll biosynthesis, 
seed germination, in increasing drought 
resistance and in water supply (Yamasaki et al., 
2008). Copper is involved in respiration and 
protein synthesis, in the nutrients and water 
assimilation, in the lignin synthesis, in the 
stiffening of the cell wall and in increasing of 
plant resistance to pathogens (Sundin et al., 
2016).  
Copper-based fungicides used in agriculture 
took place for the first time in the seventeenth 
century, when farmers treated the wheat seeds 
for sowing with copper sulphate (blue stone) 

against corn cockle (Agrostemma githago) 
(Morton and Staub, 2008). In 1882, the French 
scientist Millardet discovered the properties of 
copper as a fungicide, using copper sulphate as 
“Bordeaux Mixture” (Bouille Bordelaise) to 
control the grapevine downy mildew 
(Plasmopara viticola), and in 1956 the first 
copper-based pesticide was approved. 
Nowadays copper has become essential for the 
grapevine growing, due both to the grapevine 
downy mildew (Plasmopara viticola) control as 
well as for several side effects (Andras-Sauca 
et al., 2018a; Borca et al., 2018).  
When is applied in the late growing season in 
vineyards, the copper decreased the powdery 
mildew (Erysiphe necator) infection due to 
effect on cleistothecia and mycelium, decrease 
the noble rot (Botrytis cinerea) infection by 
thickening the berries skin, delays the leaves 
falling, which helps to ripen the shoots tissues 
and increase the resistance to winter low 
temperatures (Gruau et al., 2016; Blanco-Ulate 
et al., 2015).  
Copper-based treatments are currently included 
in all grapevine integrated disease and pest 
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control management, which finally increase the 
production costs (Gadoury et al., 2012). 
High amount of nitrogen and phosphorus can 
lead to copper deficiency (Brunetto et al., 
2015). For example, measureless amounts of 
nitrogen increase the abundant development of 
canopy, the sequestration of total copper and 
the decrease of the grapevine photosynthesis 
rate (Hendrickson et al., 2004). Copper 
deficiency, correlated with climate variability, 
decreases the vines frost resistance, with 
negative financial impact on vineyards 
management (Dobrei et al., 2010). 
However, the copper use must be moderate, 
because the copper excess can cause chlorosis 
and burns on the leaves, it can negatively affect 
the quality of grapes, must and wine 
(Lamichhane et al., 2018). Achievement of 
high quality wine by-products is essential to 
withstand an increasingly demanding market 
with more and more efficient competitors 
(Andraş-Sauca et al., 2018b). 
 
MATERIALS AND METHODS 
 
The research was carried out during 2018-2019 
in a private vineyard from Buteni village, Arad 
County, during the full maturity growing stage. 
Two table grapes varieties (Victoria and 
Cardinal) and Merlot wine grapes variety were 
investigated, known as being more sensitive to 
the lower temperatures in winter, therefore with 
issues concerning the maturation of the one 
year old canes and the buds viability (Dobrei et 
al., 2018; Nistor et al., 2018). 
In the experimental plots were add one or two 
copper treatments, in the current scheme of 
phytosanitary treatments for diseases and pests 
control (usually with only one copper treatment 
applied after veraison). Copper-base treatment 
applied was Kocide which has as active 
substance copper hydroxide (Cu(OH)2) 53.8% 
concentration; the treatment dose was 1.5 kg/ 
ha commercial product. 
The experimental plots were: V1 - treatment 
with copper (0.807 kg/ha Cu(OH)2) applied 
after early veraison stage, considered as 
control; V2 - treatment with copper (0.807 kg/ 
ha Cu(OH)2) applied before flowering stage; V3 
- treatment with copper (0.807 kg/ha Cu(OH)2) 
applied in lag phase; V4 - two treatments with 
copper (0.807 kg/ha Cu(OH)2) applied before 

flowering stage + (0.807 kg/ha Cu(OH)2) 
applied at lag phase; V5 - two treatments with 
copper (0.807 kg/ha Cu(OH)2) applied in lag 
phase + (0.807 kg/ha Cu(OH)2) applied after 
early veraison stage; V6 - two treatments with 
copper (0.807 kg/ha Cu(OH)2) applied before 
flowering stage + (0.807 kg/ha Cu(OH)2) 
applied after starting veraison stage; V7 - three 
treatments with copper (0.807 kg/ha Cu(OH)2) 
applied before flowering stage + (0.807 kg/ha 
Cu(OH)2) applied to lag phase + (0.807 kg/ha 
Cu(OH)2) applied after veraison stage starting.  
During the research, minimum temperatures of 
-17oC were recorded in three nights, 
respectively -18oC in one night. 
Observations and determinations were made 
regarding several indicators: sugar 
concentration in grape must (g/l), was 
determined with Bellingham + Stanley OPTi 
digital hand held refractometer; the amount of 
sugar per hectare was calculated, respectively 
the canopy area necessary for the accumulation 
of one kg of sugar (or photosynthetic 
efficiency); the total annual growth (expressed 
in m/vine and calculated in m/ha were 
determined); following the first frosts the 
measurements were redone, after the wood the 
fragments affected by the frost were removed, 
resulting the one year old matured wood 
(measures were in m/vine, m/ha and as a 
percentage of total annual wood growth; the 
amount of carbohydrates in canes was 
determined in two different stages: before early 
autumn frosts (15th November), respectively 
after the late frosts in spring (1th March). 
Measurements were done by the antrona 
reagent method by which the soluble sugar and 
starch were determined, and their amount was 
evaluated as the total carbohydrates; the rate of 
viable eyes was determined after the late frosts 
in spring and before the bleeding start (1th 
March). The research aimed to study the 
influence of copper treatments on the grape 
yield and quality, photosynthesis efficiency, the 
well-matured canes wood, the carbohydrate 
amount in canes and the buds viability. 
Statistics were done by GraphPad InStat 
version 5.04 version for Windows (GraphPad 
Software, Inc. 5755 Oberlin Drive #110 San 
Diego, USA) and data analysed using statistical 
ANOVA and Tukey's test (p ≤ 0.05) for 
quantitative variables. 
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RESULTS AND DISCUSSIONS 
 
The quality of grapes or wine is essential for 
successful products on the market. Quality 

cannot be achieved without a performant 
growing technology, which provides high 
quality grapes for winemaking with economic 
efficiency (Nan et al., 2018). 

 
Table 1. Influence of copper applied during phytosanitary treatments  

on the grapes quality and photosynthetic efficiency 
 

Treatment 
variants 

Variety Sugar 
g/l 

Sugar 
kg/ha 

m2 canopy/kg 
sugar 

Difference to control  
(kg sugar/ha) 

Significance 

V1 -control Victoria 148 1538 12.7 - - 
Cardinal 127 1201 20.43 - - 
Merlot 194 1675 9.09 - - 

 
V2 

Victoria 144 1461 12.75 -77 0 
Cardinal 124 1170 20.2 -40 0 
Merlot 190 1640 8.87 -35 0 

 
V3 

Victoria 151 1532 12.76 -6 - 
Cardinal 131 1239 19.81 38 * 
Merlot 196 1693 8.99 18 - 

 
V4 

Victoria 153 1591 11.71 53 * 
Cardinal 135 1275 18.54 74 ** 
Merlot 198 1709 8.51 34 - 

 
V5  

Victoria 161 1676 11.66 171 *** 
Cardinal 144 1364 17.99 163 *** 
Merlot 208 1798 8.51 123 *** 

 
V6 

Victoria 157 1632 11.42 94 ** 
Cardinal 138 1304 18.12 103 ** 
Merlot 202 1745 8.33 70 * 

 
V7 

Victoria 159 1654 11.26 167 *** 
Cardinal 141 1333 17.73 132 *** 
Merlot 204 1763 8.25 88 ** 

DL - Victoria                               5% - 37.1                       1% - 67.4                                       0.1% - 117.9 
DL - Cardinal                                5% - 34.9                       1% - 62.5                                      0.1% - 109.9 
DL - Merlot                                   5% -  42.3                      1% -  71.1                                     0.1% - 122.6 

 
In Table 1 is presented the data regarding the 
influence of copper applied in the mixture of 
phytosanitary treatments on the sugar 
concentration and the photosynthetic 
efficiency. Regardless of whether were grapes 
for wine or fresh consumption, varieties from 
experimental plots reaction was positive to the 
copper doses applied. In all three varieties the 
sugar concentration was influenced both by the 
amount of copper applied and by the growing 
stage of treatment application. 
The highest concentrations of sugar resulted in 
V5 plot: 161 g/l for the Victoria, 144 g/l for the 
Cardinal and respectively 208 g/l for the Merlot 
variety. In V5 plot was applied 1.61 kg/ha 
copper twice: in lag phase and in the first stage 
of veraison. 
In the second place was ranked the V7 plot on 
which was applied 2.42 kg/ha copper in three 
stages: before flowering, lag phase and 
veraison. The V2 was the only experimental 

plot that recorded values lower than the control, 
with 144 g/l sugars in the Victoria variety, 124 
g/l sugars in the Cardinal variety, respectively 
190 g/l sugars in the Merlot variety. Compared 
to the control, in V2 was applied the same 
copper dose (0.807 kg/ha), but much earlier - 
before flowering. 
The largest concentration of sugars was 
reported in the V5 experimental plot: 1676 kg 
sugars/ha in the Victoria variety, 1364 kg/ha in 
the Cardinal variety, respectively 1798 kg 
sugars/ha in the Merlot variety. 
Statistically the V5 experimental plot was the 
highest statistical significant variant; the 
differences between V5 variant and the control 
variant, were for all three varieties very 
significant. 
The photosynthetic efficiency recorded higher 
values in V7 due to the lower canopy area per 
kilogram of sugar amount, in which was 
applied 2.42 kg/ha copper. 



281

In varieties more sensitive to low winter 
temperatures, a proper maturation of the one 
year old canes is essential for an adequate 
resistance in winter time. The maturation of the 
shoots tissues begins in the summer and can be 
positively influenced by appropriate 
technology, so that the possible early frosts 
which are quite frequent during the month of 
October to affect less the canes maturation. 
Therefore, the introduction of copper into the 
phytosanitary treatments is beneficial from all 
points of view. Copper is efficient in downy 
mildew (Plasmopara viticola), does not charge 
the cost of treatments due to the reasonable 
prices of copper fungicides, it is also accepted 
in organic viticulture and in addition it is very 
efficient in wood maturation. 
Research should establish precisely both the 
optimum amount of copper per vine and for 
each vineyard, as well as the most appropriate 
growing stage for application.  
The results regarding the influence of the 
copper treatments on the total annual growths 

and one year old wood matured are presented 
in the Table 2. 
As concern the total annual cane wood 
increases, it is noted that the high doses of 
copper (V7 variant) and especially the early 
application of copper - before flowering 
(variant V2), has led in all three varieties to a 
slight slowing of growth. In all three varieties, 
V2 recorded the lowest values of the total 
growth of shoots. Therefore, the variant with 
the best results regarding the total one year old 
cane wood increases was the V5 variant, in 
which were applied two treatments with 
copper: one applied in lag phase and the second 
in the first stage of veraison. 
The one year old cane wood matured is very 
important indicator, especially in varieties with 
lower resistance to winter frosts (Dobrei et al., 
2015). Therefore copper influence is higher on 
one year old canes wood than on the well-
matured canes wood. 

 
Table 2. The influence of the copper treatments on the one year old canes and well-matured canes  

 

Treatment 
variants 

Variety One year old canes  Well-matured canes  Difference from 
control 

(% from total ) 

Significance 
 

m/vine m/ha m/vine m/ha % from 
total 

V1 - control Victoria 18.8 85465 13.3 60680 71 -  
Cardinal 24.1 109534 13.9 63189 58 -  
Merlot 13.6 61812 9.8 44451 72 -  

 
V2 

Victoria 16.7 75901 12.2 55461 73 2 - 
Cardinal 20.9 94990 12.3 55916 59 1 - 
Merlot 12.4 56358 9.3 42278 75 3 - 

 
V3 

Victoria 17.4 79083 13.4 60916 77 6 * 
Cardinal 22.8 103626 13.7 62280 60 2 - 
Merlot 13.2 59994 10.3 46824 78 6 * 

 
V4 

Victoria 16.9 76810 13.7 62280 81 10 ** 
Cardinal 21.6 98172 14 63644 65 7 ** 
Merlot 13.1 59539 10.7 48642 82 10 ** 

 
V5  

Victoria 18.9 85900 15.7 71372 83 12 ** 
Cardinal 24.5 111352 16.6 75464 68 10 ** 
Merlot 13.8 62721 11.7 53188 85 13 *** 

 
V6 

Victoria 16.8 76356 13.1 59553 78 7 * 
Cardinal 21.5 97739 13.5 61371 63 5 * 
Merlot 12.7 57734 10 45460 79 11 ** 

 
V7 

Victoria 16.7 75918 14.4 65462 86 15 *** 
Cardinal 21.3 96830 15.3 69554 72 14 *** 
Merlot 12.5 56825 11 50006 88 16 *** 

DL - Victoria                               5% - 4.21                     1% - 7.11                                      0.1% - 12.38 
DL - Cardinal                                5% -  3.87                   1% -  6.45                                     0.1% - 11.32 
DL - Merlot                                   5% -  4.72                   1% - 7.78                                      0.1% - 12.92 
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Regarding the well matured canes ratio from 
the total one year old wood, the best results 
were recorded in V7 variant, in which was 
applied the highest amount of copper. In V7, 
the well-matured canes represent 88% of the 
total one year old canes wood in the Merlot 
variety, 86% in the Victoria variety, respect-
tively 72% in the Cardinal variety. The diffe-
rences recorded between the V7 and the control, 
were 15% in the Victoria variety, 14% in the 
Cardinal variety, respectively 16% in the Merlot 
variety, and were very highly significant. 
The experimental variant that recorded the 
highest values of well-matured canes wood/ha 
was V5, on which were applied two copper 
treatments (the first in lag phase and the second 
in the first decade of veraison stage).  
In the varieties sensitive to the low tempera-
tures during the winter, it is very important the 
sugars and starch concentration in one year old 
canes, which influence the time for wood 
maturation and the buds viability. In Victoria 
variety the carbohydrate amount in canes was 
influenced both by the number of copper 
treatments applied and by the growing stage of 
treatment application.  

At the beginning of winter, the highest concen-
tration of carbohydrates in canes was recorded 
in the V7 variant, the only one in which were 
applied three copper treatments. On the second 
and third rank the variants V5 and V4, in which 
were applied two copper treatments. The same 
ranking of variants was noted for the 
carbohydrates in canes in the early spring; all 
the experimental variants recorded higher 
significant limits compared with the control.  
In the Cardinal variety, the canes concentration 
in carbohydrate was lower compared to the 
Victoria variety, but the experimental variants 
ranking was similar. In Cardinal variety the 
higher differences between the variants and the 
control showed the higher influence of the 
copper treatments on the cane carbohydrates 
concentration (Table 4). 
In Merlot variety was recorded the highest 
carbohydrates concentration in canes compared 
with other two varieties, both at the beginning 
of winter and spring. The differences between 
the control and the experimental variants were 
also smaller. In Merlot variety the best results 
were recorded in the variant with three copper 
treatments (Table 5).  

 
Table 3. Carbohydrates concentration in Victoria variety canes 

 

Variant Carbohydrates 
concentration (g %) 

Carbohydrates 
concentration (%) 

Difference compared to 
control (%) 

Significance 

15 XI 1 III 15 XI 1 III 15 XI 1 III 15 XI 1 III 
V1 (Control) 10.2 7.7 100 100 - - - - 
V2 10.6 8.3 103.9 107.79 3.9 7.79 - * 
V3 10.9 8.5 106.9 110.38 6.9 10.38 * ** 
V4 12.7 10.6 124.5 137.66 24.5 37.66 *** *** 
V5 13 11.1 127.4 144.15 27.4 44.15 *** *** 
V6 12.1 9.9 118.6 127.27 18.6 27.27 ** *** 
V7 13.3 11.5 130.4 149.35 30.4 49.35 *** *** 

 

DL - 15XI                                5% - 5.92 1% - 10.71 0.1% - 19.48 
DL - 1 III                                5% - 5.21 1% - 9.33 0.1% - 17.28 

 
Table 4. Carbohydrates concentration in Cardinal variety canes 

Variant Carbohydrates 
concentration (g%) 

Carbohydrates 
concentration (%) 

Difference compared to 
control (%) 

Significance 

15 XI 1 III 15 XI 1 III 15 XI 1 III 15 XI 1 III 
V1 (Control) 8.7 5.7 100 100 - - - - 
V2 9.2 6.1 105.74 107.01 5.74 7.01 - * 
V3 9.4 6.4 108.04 112.28 8.04 12.28 * ** 
V4 10.9 8 125.28 140.35 25.28 40.35 *** *** 
V5 11.2 8.4 128.73 147.36 28.73 47.36 *** *** 
V6 10.4 7.5 119.54 131.57 19.54 31.57 ** *** 
V7 11.9 9 136.78 157.89 36.78 57.89 *** *** 

 

DL - 15XI                                5% - 6.53                     1% - 11.98                                      0.1% - 21.42 
DL - 1 III                                5% - 6.21                     1% - 11.16                                      0.1% - 20.82 
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Zufferey et al. (2012) found in Chasselas 
variety the lowest level of carbohydrates 
concentration in the two-year-old cane wood 
around flowering growing stage.  
In Chardonnay variety, Vaillant-Gaveau et al. 
(2014), found that grapevine is able to correlate 
the inflorescences with the available 
carbohydrate amount from perennial wood. 

The buds are some of the most sensitive organs 
of vines at frost. The level of frost damage on 
grapevine buds is directly related to the grape 
yield in the current year and of the next year.  
The varieties chosen for the research are well-
known as low buds viability, especially 
Cardinal and Victoria. Merlot variety is ranking 
among red wine varieties frequently influenced 
by climate change and variability (Table 6). 

 
Table 5. Carbohydrates concentration in Merlot variety canes 

Variant Carbohydrates 
concentration (g %) 

Carbohydrates 
concentration (%) 

Difference compared to 
control (%) 

Significance 

15 XI 1 III 15 XI 1 III 15 XI 1 III 15 XI 1 III 
V1 (MT) 12.7 10.1 100 100 - - - - 
V2 13.2 10.4 103.9 102.97 3.9 2.97 - - 
V3 13.6 10.6 107.08 104.95 7.08 4.95 * ** 
V4 14.6 12 114.9 118.81 14.9 18.81 ** *** 
V5 14.9 12.1 117.32 119.8 17.32 19.8 *** *** 
V6 13.9 11.8 109.44 116.83 9.44 16.83 ** *** 
V7 15.1 12.3 118.89 121.78 18.89 21.78 *** *** 

 

DL - 15XI                               5% - 5.31 1% - 9.12 0.1% - 16.21 
DL - 1 III                                 5% - 4.91 1% - 7.98 0.1% - 13.78 

 
Table 6. Buds viability 

 

Variant Victoria Cardinal Merlot 
Buds viability Buds viability Buds viability 

% Difference 
to control 

Significance % Difference 
to control 

Significance % Difference to 
control 

Significance 

V1 
(MT) 

63 - - 41 - - 83 - - 

V2 66 3 - 46 5 * 85 2 - 
V3 67 4 * 48 7 * 86 3 * 
V4 72 9 ** 58 17 *** 90 7 ** 
V5 76 13 *** 61 20 *** 92 9 ** 
V6 70 7 ** 52 11 ** 88 5 ** 
V7 78 15 *** 62 21 *** 94 11 *** 
DL - Victoria                               5% - 3.85                     1% - 6.12                                      0.1%- 12.03 
DL - Cardinal                                5% -  4.37                   1% -  7.33                                     0.1%-14.12 
DL - Merlot                                   5% -  2.72                   1% - 4.98                                      0.1%-9.75 

 
Although the temperatures during research 
years were high, in the Cardinal variety, the 
buds viability ratio was relatively low, with 
limits between 41 and 62% depending on the 
variant.  
In the Victoria variety, the buds viability ratio 
was higher than in the Cardinal variety, ranging 
between 63 and 78%, while in the Merlot 
variety was recorded the highest buds viability 
ratio, ranging from 83 to 94%. In all three 
varieties, the highest buds viability was 
recorded in the V7 variant, in which was 
applied the highest amount of copper, followed 
by the V5 and V4 variants, in which was applied 

1.61 kg of copper/ha. In the variants V1, V2 and 
V3, in which were applied the smallest amounts 
of copper, was recorded the lowest ratio of 
buds viability. 
In Figures 1, 2 and 3 are presented the 
correlation between cane carbohydrates 
concentration and buds variability in all three 
varieties. The highest correlation is recorded in 
Victoria variety while in Cardinal and Merlot 
varieties cane carbohydrates concentration 
influence on buds viability is moderate. Buds 
viability in experimental variants V4 and V6 are 
the most influenced by the cane carbohydrates 
concentration recorded in the first decade of 
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March during the research. On contrary, in V1 
(control), V2 and V3 was recorded the less 
influence of cane carbohydrates concentration 
on buds viability. Calugar et al. (2010) reported 
significant correlations between canes 
carbohydrates concentration and buds viability 
in grape varieties from Blaj vineyards. 
 

 
 

 
 

 

CONCLUSIONS 
 
The must concentration in sugars was 
influenced both by the direct amount of copper 
applied during the phytosanitary treatments, as 
well as by the growing stage of the treatment  
application.  
Too early copper application in V2 variant 
(before flowering), led to the poorest results 
because the copper applied during the intense 
growth of the stems, decrease for short time the 
rate of photosynthesis.  
The application of higher doses of copper 
maintains the canopy area in appropriate 
phytosanitary status in all three varieties and 
therefore the photosynthetic efficiency 
increased proportionally with the amount of 
copper applied. V7, in which was applied 2.42 
kg copper/per hectare, recorded the lowest 
canopy area necessary to synthesize one 
kilogram of sugars.  
Copper treatments were favourable for canes 
carbohydrate concentration in all three grape 
varieties. The concentration carbohydrates in 
canes increased proportionally with the amount 
of copper applied; the highest values were 
recorded in V7 variant, for which was applied 
2.42 kg copper/ha. 
The carbohydrate concentration in canes was 
influenced not only by the copper doses but 
also by the growing stage when copper 
treatment was applied. The control variant to 
which copper was applied only ones - in late 
ripening growing stage, recorded for all three 
varieties, the lowest concentrations of 
carbohydrates in canes. In the V2 and V3 
variants were recorded higher concentrations of 
carbohydrates in canes compared to the control, 
for copper applied in a single treatment, but 
much earlier, before flowering and in lag phase 
respectively.  
Copper treatments also had a favourable 
influence on the buds viability; number of 
viable buds increased gradually with the 
amount of copper applied. Besides the copper 
amount of copper applied, the buds viability 
was also influenced by the growing stage when 
treatments was applied; the lowest buds 
viability was registered when copper treatments 
were applied later in the ripening stage.  
The late copper application does not have the 
expected effect on the one year old wood 
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maturation and buds viability due to the short 
time available until the first hoar frost. Since 
the maturation of the cane wood starts in the 
summer, it is very important for the vines to 
benefit from copper in moderate doses at least 
from the lag phase stage.  
 
REFERENCES  
 
Andraş-Sauca, V., Dobrei. A., Dobrei, Alina, Nistor, 

Eleonora (2018a). Influence of inputs on the 
quantitative and qualitative qualities of grapes in 
several varieties for wine, Journal of Horticulture, 
Forestry and Biotechnology www.journal-hfb.usab-
tm.ro. Volume 22(3), pp. 37-45. 

Andraş-Sauca, V., Dobrei, A., Dobrei, Alina, Nistor, 
Eleonora, Farcaș D., (2018b). The influence of 
biostimulators and foliar fertilizers on the vigor and 
photosynthetic yield to a few varieties of vine, 
Journal of Horticulture, Forestry and Biotechnology 
Volume 22(3), pp. 27-36. 

Blanco-Ulate, B., Amrine, K. C., Collins, T. S., Rivero, 
R.M., Vicente, A. R., Morales-Cruz, A., Doyle C.L., 
Ye, Z., Allen, G., Heymann, H., Ebeler, S.E., Cantu, 
D. (2015). Developmental and metabolic plasticity of 
white-skinned grape berries in response to Botrytis 
cinerea during noble rot. Plant Physiol. 169, pp. 
2422-2443. doi: 10.1104/pp.15.00852.   

Borca, F., Nan, Roxana Daniela, Nistor, Eleonora, 
Dobrei, A. (2019) - Effect of different phytosanitary 
treatment schemes on the yield and quality of some 
wine grape varieties, Journal of Horticulture, Forestry 
and Biotechnology www.journal-hfb.usab-tm.ro. 
Volume 23(4), pg. 8-13.  

Călugar, A.M., Pop, N., Farago, M., Babeş, A., Bunea, 
C.I., Hodor, D., Cioabanu, F. (2010). Buds viability 
and carbohydrates canes content of some varieties 
created at S.C.D.V.V. Blaj during winter 2009-2010. 
Scientific Papers USAMVB, Seria B, vol. LIV, pp. 
548-551.  

Brunetto, G., Wellington Bastos De, M.G., Toselli, M., 
Quartieri, M., Tagliavini, M. (2015). The role of 
mineral nutrition on yields and fruit quality in 
grapevine, pear and apple. Revista Brasileira de 
Fruticultura, 37(4), 1089-1104. 
https://doi.org/10.1590/0100-2945-103/15.  

Dobrei, A., Poiana, Mariana Atena, Sala, F., Ghita, 
Alina, Gergen, I. (2010). Changes in the chromatic 
properties of red wines from Vitis vinifera L. cv. 
Merlot and Pinot Noir during the course of aging in 
bottle, Journal of Food Agriculture & Environment 
Volume: 8, Issue: 2, pp: 20-24. 

Dobrei, A., Dobrei, Alina Georgeta, Nistor, Eleonora, 
Iordanescu, Olimpia Alina, Sala, F. (2015). Local 
grapevine germplasm from western of Romania - an 
alternative to climate change and source of typicity 
and authenticity, Agriculture and Agricultural 
Science Procedia, Volume: 6, pp. 124-131, doi: 
10.1016/j.aaspro.2015.08.048. 

Dobrei, A., Dobrei, Alina Georgeta, Nistor, Eleonora 
Posta, G., Malaescu, Mihaela, Balint, M., (2018). 
Characterization of grape and wine quality influenced 
by terroir in different ecosystems from Romania 
cultivated with Feteasca neagra, Scientific Papers-
Series B-Horticulture, Volume: 62, pp. 247-253, 
ISSN: 2285-5653. 

Festa, R.A.,  Thiele, D.J. (2011). Copper: an Essential 
Metal in Biology, Curr Biol. Vol.8; 21(21): R877-
R883, doi: 10.1016/j.cub.2011.09.040. 

Gadoury, D.M., Cadle-Davidson, L., Wilcox, W.F., Dry, 
I.B., Seem, R.C., Milgroom, M.G. (2012). 
‘Grapevine powdery mildew (Erysiphe necator): a 
fascinating system for the study of biology, ecology, 
and epidemiology of an obligate biotroph’, Molecular 
Plant Pathology, 13(1), pp. 1-16. 

Gruau, C., Trotel-Aziz, P., Verhagen, B., Villaume, S., 
Rabenoelina, F., Courteaux, B., Clément, C., 
Baillieul, F. and Aziz, A. (2016). An Assay to Study 
Botrytis cinerea-infected Grapevine Leaves Primed 
with Pseudomonas fluorescens. Bio-protocol 6(19). 
doi:10.21769/BioProtoc.1943. 

Hendrickson, L., Chow, W.S., Furbank, R.T. (2004). 
Low temperature effects on grapevine 
photosynthesis: the role of inorganic phosphate, 
Functional Plant Biology, vol. 31, pp.789-801.  

Lamichhane, J.R., Osdaghi, E., Behlau, F., Kohl, J., 
Jones, J.B., Aubertot, J.-N. (2018). Thirteen decades 
of antimicrobial copper compounds applied in 
agriculture. A review. Agronomy for Sustainable 
Development 38, p.28. doi: 10.1007/s13593-018- 
0503-9. 

Morton, V., Staub, T. (2008). A short history of 
fungicides. APSnet Feature Articles. doi: 
10.1094/APSnetFeature-2008-0308. 

Nan, Roxana Daniela, Borca, F., Dobrei, Alina, 
Dobromir, Daniela, Dobrei, A. (2019).  Research on 
the characteristics of superior white wines produced 
in Petrovaselo Winery, Timiș County, Journal of 
Horticulture, Forestry and Biotechnology 
www.journal-hfb.usab-tm.ro. Volume 23(4), pp. 75-
79. 

Nistor, E., Dobrei, Alina, Dobrei, A., Camen, D., Matti, 
G.B. (2018). Temperature and rainfall influence on 
shoot length in Pinot Noir, Merlot and Cabernet 
Sauvignon varieties, Scientific Papers-Series B-
Horticulture, Vol. 62, pp. 267-274, ISSN: 2285-5653.  

Somers, E. (2008). Uptake of copper by fungal cells. 
Annals of Applied. Biology 51(3):425 – 437. 
10.1111/j.1744-7348.1963.tb03710.x. 

Sundin, G.W., Castiblanco, L.F., Yuan, X., Zeng, Q., 
Yang, C.H. (2016). Bacterial disease management: 
challenges, experience, innovation and future 
prospects, Challenges in Bacterial Molecular Plant 
Pathology. Molecular Plant Pathology. Volume 17, 
Issue 9.  pp. 1506-1518.  

Vaillant-Gaveau, N., Wojnarowiez, G., Petit, A.-N., 
Jacquens, L., Panigai, L., Clement, C., Fontaine F. 
(2014). Relationships between carbohydrates and 
reproductive development in Chardonnay grapevine: 



286

impact of defoliation and fruit removal treatments 
during four successive growing seasons. OENO One, 
48(4), 219-229. https://doi.org/10.20870/oeno-
one.2014.48.4.1694. 

Yamasaki, H., Pilon, M., Shikanai, T. (2008). How do 
plants respond to copper deficiency? Plant Signal 
Behav. 2008 Apr; 3(4): pp. 231-232. doi: 
10.4161/psb.3.4.5094. 

Yruela, Inmaculada (2005). Copper in plants. Brazilian 
Journal of Plant Physiology, 17(1), 145-156. 
https://doi.org/10.1590/S1677-04202005000100012. 

Zufferey, V., Murisier, F., Vivin, P., Belcher, S., 
Lorenzini, F., Spring, J.L., Viret, O. (2012). 
Carbohydrate reserves in grapevine (Vitis vinifera L. 
'Chasselas'): the influence of the leaf to fruit ratio. 
Vitis, 51(3), pp. 103-110.  

 
 


