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ABSTRACT 
 
 This work was conducted from 2008 to 2011 in a vineyard located in Kherbet Kanafar in the Western 
Bekaa and in collaboration with the experts of Kouroum the cellar with the aim of studying the response of 
different vine varieties to different levels of water availability. The experimental part covers a total area of 30 
hectares divided into three sections of 10 hectares each. In each section  there were 9 varieties grown, four of 
which were red grape varieties (Cinsault, Cabernet Sauvignon, Syrah, Carignan) and the other five were white 
grape varieties (Gamay, Chardonnay, Grenache, uni-Blanc and Sauvignon Blanc). A drip irrigation system of a 
rate of 20 liters / 15 days was set for all nine varieties of grape plants between 2005 and 2007. Production Kg / 
Ha was followed and compared among the vines since 2008 until 2011. Regression analysis and correlation 
showed a relationship between fluid intake, expressed in rain and /or intake of drip water, especially during the 
months of March-June, which is a period of vegetative growth of the vine where the plant really needs water. 
However, on seventeen samples of wine Kouroum  which were subjected to physicochemical analyzes involving 
multiple parameters demonstrated that the samples dry red wines and sweet wine sample analyzed are safe to 
consume  and have normal values of pH and total acidity and do not exceed the permissible values in volatile 
acidity and sulfur dioxide. 
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Introduction 
 
 Viticulture is considered as an essential sector in the Lebanese economy due to its contribution in the food 
production,  the local consumption, and the exportation. Therefore, it is estimated that there are 40 % of direct 
and indirect beneficiaries. In 2001, the agricultural sector earned 1818 billion LBP, which represents 12 % of 
the BNP. 
 The vineyard area covers totally about 27000 hectares. 80 000 hl of the annual production is turned into 
wine. The rest is marketed as grapes. The dominant wine is essentially that of French vineyards, of which we 
list: 
 Varieties of tank : Cinsault  - carignan  - Grenache  - merlot  - cabernet sauvignon  - cabernet franc – 
caladoc – tempranillo  - ugni blanc – chardonnay – muscat – clairette  - morvedre  - syrah  - bourboulenc  - 
viognier . 
 The vineyards has been planted starting at 250 m at 32° latitude, in limestone subsoil. The climate is 
considered perfect. In fact, the sun shines for almost 300 days per year, and the close Mediterranean Sea acts as 
a thermal regulator. The slopes of hill are not highly inclined. In regular years, winter is rainy (400 mm of rain 
in the north and 900 mm in the south). Summer is dry and warm (26 °C to 34 ° C) during the day (10°C to 12°C 
at night) 
 The difference in temperature is very important (12 °C to 15 °C). The size is done with cups in non – 
trellised vines, and with royal cord in trellised vines for wine, and with pergola for grapes. However, the climate 
change worldwide is today the center of scientific news. Climate is a main factor in viticulture and it affects the 
quality and task of wine. Studies on average temperatures, in 27 of the most important vineyards in the world, 
show an increase of 2 °C in the past 50 years. Climatologists estimate that this tendency will carry on, and that 
this increase in temperature has reached 2 to 5 °C in 2010. (1) 
 Vines are used because of the harshness of the Mediterranean climate. But due to the climate’s evolution 
and the droughts that took place in the past few years, irrigation is required to maintain the productive potential 
of vineyards and their quality. Vine irrigation seems to be an indispensable tool for the modernization and 
adaptation of the Mediterranean viticulture. Other than maintaining the quality and comebacks, two other factors 
would define the importance of vine irrigation(2):  
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-The first effects of global warming signalized in the several droughts since 2000. 
-The modern less expensive labor, and more environmental planting practices (Planting weed). 
 Global warning offers new possibilities and options, despite the challenges related to water management 
and vineyards irrigation. It would also have an impact on viticulture and wine quality, as the average 
temperatures would affect the grape harvesting time . On the other hand, we could postpone the maturity of 
grapes, and therefore the harvesting time, by a modification of the planting techniques or by an adaptation of 
plants material (root stocks or grafts). 
 
Materials and methods: 
 
 The work was conducted from 2008 to 2011 in a vineyard located in Kherbet Kanafar in the west Bekaa 
and in collaboration with the experts of Kouroum the cellar. The experimental part covers a total area of 30 
hectares divided into three sections of 10 hectares each. Nine varieties were grown in each section of which are 
four red grape varieties (Cinsault, Cabernet Sauvignon, Syrah, Carignan), and five white grape varieties 
(Gamay, Chardonnay, Grenache , Uni Blanc and Sauvignon Blanc). The vines have five years (Syrah) or eight 
(the other eight varieties) as age at testing, and all underwent the same agricultural practices since the first year 
of planting: A system of drip irrigation of a rate of 20 liters / 15 days was set for all nine varieties of plants 
between 2005 and 2007. In 2008, the system has been eliminated for all varieties, with the exception of three 
sections of 10 dunums each (one dunum = 1000 m2) which contained the variety Syrah, where we kept the 
irrigation between 2010 and 2011 from early March to early June in a rate of 15 liters/15 days. Three other 
sections of 10 dunums each one contained the other eight varieties, where we kept irrigation in 2011 between 
early March to early June for a rate of 15 liters/15 days (3). Fertilizer input of organic matter of 2 kg/m2  in 
2005, 2006 and 2007, and 5 kg/m2in both 2008 and 2011. The vines are spaced 2.5 meters and planted in rows 
distant of 1.25 meters and follow a guardianship. All vines are grafted onto the P1103 with the exception of 
Syrah that is grafted onto the R110 (4). 
 Production in Kg / Ha was followed and compared among the vines since 2008 until 2011. Monitoring of 
these productions in relation to fluid intake in the form of precipitation or irrigation, has been achieved (5). 
Precipitation was followed by a weather station installed in Kherbet Kanafar. Moreover, the effect of fluid 
intake on the vegetative growth of the plant Syrah was conducted: one of six secondary branches per vine was 
considered a repetition of secondary branches and 19 different plants were randomly selected in irrigated plots 
and in non-irrigated plots in 2010 and 2011, to achieve the various parameters: production, number of leaves per 
shoot, length of the midrib per sheet, distance between nodes, and length of shoot (6). 
 Seventeen samples of wine Kouroum are subjected to physicochemical analyzes involving the alcohol by 
volume, pH and concentrations of residual sugars, total acidity, volatile and free and bound sulfur dioxide. All 
samples are red and belong to the vintages 2008, 2009 and 2010: 5 types of vintage 2008 (Small Black - Syrah - 
Cabernet - Cabernet Syrah + - 7 varieties), 5 types of 2009 (Small Black - Lightning Syrah - Cabernet + 
Lightning - Syrah / Cabernet Lightning - 7 varieties), and 7 of 2010 (Small Black - Syrah - Cabernet - 7 grape 
varieties - Cabernet Syrah + - atypecalled"sweet"). 
 Multiple comparisons of means testing or comparison of means in pairs, parametric and nonparametric at 
the 5% were conducted to compare the means of production of grapes in 2008 , 2009, 2010 and 2011, or to 
compare various parameters of Syrah (already mentioned). The effect of two factors: variety and precipitation 
and / or water intake was analyzed by analysis of variance with two factors. Regression analysis, correlation and 
determination were also conducted to evaluate a possible relationship between the amount of fluid intake and 
production by variety (7). 
 
Results and Discussion 
 
III.1. Impact on the feet of Vine: 
 
 Apart from substantive equality performance recorded between 2008 and 2009 (Figure 1), grape varieties: 
Cinsault, Cabernet Sauvignon, Syrah, Carignan, and Grenache showed a significant drop in performance in 
2010 (7000, 6500, 6756.6, 7200 and 7708.33 kg / ha, respectively). Moreover, the water supply in 2011 (drip 
irrigation flow 15l/15 day since early March to early June), foot of Vine has had a positive impact on the nine 
varieties (Figure 1). The positive effect on production  ranged from 2500 Kg / Ha to 10,050 Kg / Ha depending 
on the variety (Table 1)(8). 
 The variance test two-factor parametric or nonparametric depending on the normal distribution of data 
(Newman-Keuils, and Kruskal-Wallis, respectively) at the 5% showed that there is an effect of the contribution 
water as precipitation and / or irrigation drip system (F = 3060.791, p <0.001), an effect of variety in terms of 
delayed response on production (F= 808.943, p <0.001), and interaction between these factors on average 
production of different varieties (p <0.001) during the years 2009, 2010 and 2011. Indeed, the average of the 
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highest production (Table 3) is that observed in the irrigated plots in 2011 Uni-white variety, followed by 
Sauvignon Blanc, Grenache and Syrah (20400, 18550, 17466 and 16000 kg / ha respectively). The lowest 
averages are those observed in 2010, on varieties Gamay (4500 kg/ha), Grenache (7708 Kg / ha), Chardonnay 
(7007 Kg / ha), Carignan (7200 Kg / ha), Syrah (6756 Kg / ha), Cabernet Sauvignon (6500 Kg / ha) and Cinsault 
(7000 Kg / ha) (Table 3). The average production per variety is significantly equal between the years 2009 and 
2011 in non-irrigated plots for varieties Cabernet Sauvignon, Gamay, Chardonnay, Grenache and Sauvignon 
Blanc. Varieties Cinsault, Syrah, Carignan and Uni-white showed lower average production in 2009 than in 
2011 in non-irrigated plots (9).   
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Fig. 1: Production (Kg/Ha) of nine varieties of grapes in  2008, 2009, 2010, and 2011. 
 
Table 1: Effect of water supply ( 15 L/ 15 days) from early May till early June in 2011.  

Cinsault Cabernet- Syrah Carignan Gamay Chardonay Grenache Uni-blanc Sauvignon

Year sauvignon Blanc

2011 s.i. 9048.33 8466.57 9016.67 9240 5000 7800 11133.33 10500 8500
2011 a.i. 12586.67 11000 16000 10500 7500 10000 17466.67 20400 18550  

 
 Regression analysis and correlation have shown a relationship between fluid intake, expressed in rain and / 
or intake of drip water, especially during the March-June, period when vegetative growth of the vine are the 
plant real needs of water (8). Indeed, a delayed response of varieties proved to cope with humidity variations 
observed during the years 2009, 2010 and 2011 (Table 4). Determining rates, relatively low for both Uniblanc 
Grapes (28%) and Sauvignon Blanc (35.6%) expressing the correlation (r = 0.53 and r = 0.597, respectively) of 
the latter two with fluid intake, show the effect of the factor "Variety" already announced in statistical analysis 
(Table 2-Fisher test). All other varieties express coefficients of determination but deferred a frank expression 
showing high correlation of these varieties with intake. 
 
Table 2: Effect of two factors , rainfall or water supply and  varieties.  

 F p 
Rainfall 3060.79 <0.001 
Varieties 808.943 <0.001 

Interactions  <0.001 

 
 These fluctuations in average production by variety and year to year, would reveal the influence of climatic 
factors, such as temperature, especially soil moisture, precipitation, etc. .... which would be linked to the effect 
of climate change that could possibly influence the production of the vine, quantity and quality. However, it 
should be noted that in 2010, rainfall was extremely low, particularly between early March and June when the 
total rainfall was only 43.3 mm. 
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 Water stress that emerged in 2010 on all plots studied and especially the variety Syrah (Figure 1, Table 2), 
led us to study in 2010 and 2011, in focus this variety. Indeed, statistical analyzes showed that the average 
number of leaves per plant and the length of the main vein per leaf (Table 5) in irrigated plots have shown 
significantly higher responses than those observed on plants of non-irrigated plots in 2010 and in 2011 (10) . It 
is the same for medium production. By cons, the influence of water stress on the average distance of the 
internodes and later on the average length of the shoot are not shown in 2010 when the branch length is reduced 
by half in plots not irrigated (Table 5). 
 
Table 3: Effects of water intake in the form of rainfall or irrigation and/or variety on the average production ( average ± standard deviation in Kg/ ha). An analysis variance parametric two 

factors Anova or non parametric tests were done. (ni: without irrigation; i : with irrigation Figures that follow one by column and row by different letters numbers are different 
significantly).  

Cinsault Cabernet- Syrah Carignan Gamay Chardonay Grenache Uni-blanc Sauvignon  
Year   Sauvignon             blanc 
2009 10000       f 8000      hi 8666.67  i 8000     hi 4500       k 7500       j 11000     d 9500      f 8500      h 
  ± 264.575  ± 264.58 ± 503.3    ± 250     ± 180.28   ± 200        ± 458.26  ± 264.58  ± 200      
2010 7000         ij 6500     j 6756.67   ij 7200        i 4500       k 7007.67  ij 7708.33  i 10500   e 8616.67  h 
  ± 264.58   ± 115.47    ± 49.32   ± 26.49     ± 346.41   ± 97.21  ± 200.52   ± 100     ± 351.19  
2011 ni 9048.33    gh 8466.57  h 9016.67  eh 9240       e 5000       k 7800       j 11133.33 d 10500   e 8500      h 
   ± 447.3   ± 332.92   ± 28.89 ± 415.69  ± 360.56    ± 264.58   ± 152.75  ± 200    ± 251.66  

2011 i 12586.67   e 11000     f 16000      d 
10500      
g 7500       i 10000    h 17466.67 c 20400   a 18550    b 

  ±2162.37  ± 132.29 ± 132.29    ± 86.6    ± 132.29   ± 519.62   ± 160.73  ± 264.58  ± 259.81  
Statistical Kruskal-wallis Newman Kruskal-wallis  Newman Newman Newman Newman Newman Newman 
Analysis 5% Keuls 5% Keuls 5% Keuls 5% Keuls 5% Keuls 5% Keuls 5% Keuls 5% Keuls 5% 

 
Table 4: Regression equations and correlation coefficients and determination between the different varieties on the one hand and water 

intake. (All equations are significant at the 5% effective N = 12,000 for each variety).  
 Equation Coefficient de Coefficient de 
  correlation détermination 

Cinsault log 10 (y) = 3.690 + (0.00332) x R = 0.968 Rsqr = 0.937 
Cabernet-Sauvignon log10 (y) = 3.685 + (0.00277) x R = 0.886 Rsqr = 0.784 

Syrah log 10 (y) = 3.612 + (0.00433) x R = 0.827 Rsqr = 0.685 
Carignan log 10(y)= 3.776 + (0.00188) x R = 0.789 Rsqr = 0.622 
Gamay log 10 (y) = 3.528 + (0.00224) x R = 0.629 Rsqr = 0.396 

Chardonnay log 10 (y) = 3.757 + (0.00170) x R = 0.754 Rsqr = 0.568 
Grenache log10 (y) = 3.680 + (0.00438) x R = 0.911 Rsqr = 0.830 
Uni-blanc log10 (y) = 3.854 + (0.00268) x R = 0.531 Rsqr = 0.282 

sauvignon blanc log 10 (y) = 3.731 + (0.00332) x R = 0.597 Rsqr = 0.356 

 
 However, it should be noted that the total rainfall between early March and early June were higher in 2011 
than in 2010 (85.4 mm and 43.3 mm, respectively). This would imply the absence of the influence of fluid 
intake, as precipitation or irrigation, on the length of the shoot and then the distance between nodes in 2011. 
However, the influence of these fluid intake would have marked the number of leaves and length of the midrib, 
and later, average production per plant, because the increase in leaf number and leaf area (one rib main longer 
suggests a greater leaf area) would increase the photosynthetic phenomenon that could cause an increase in 
production. 
 
II.2.Quality of Wine: 
  
The physico-chemical tests of 17 samples showed an alcohol content between 13.5 ˚C and 16 ˚C and are 
therefore classified in the category of "reds" the alcoholic content of wine between 7 ˚C and 16 ˚C and normally 
around 12 ˚C. 
 Sixteen samples have residual sugar content lower than 1 g/l and are therefore classified in the category of 
"dry wine". Indeed, wines with a concentration of residual sugars (fructose + glucose) less than 5 g/l and usually 
<2 g/l are classified as "dry wine". Only the red wine called "sweet" of 2010 vintage and containing a 
concentration of residual sugar 95 g/l is classified in the category of "sweet wines and/or sweet" category of 
wines including those with a sugar concentration located between 50 and 100 g/l (11). 
 Moreover, for red wines, the pH is normally between 3.2 and 3.8 and total acidity between 3 and 7 g/l 
H2SO4, the total acidity of the most common being 3.2-4.0 g/l. But all the analyzed samples have total acidity 
and pH located within these intervals.   
 As for the volatile acidity, all samples are consistent with regulatory standards and have a volatile acidity 
<0.5 g/l H2SO4: it must not exceed 0.9 g/l H2SO4 for wines intended to the wholesale and 1g/l H2SO4 for retail 
sales; ideal values being less than 0.6 g/l, a value that begins to affect the wine's aromas and hardens the end of 
the tasting. 
 Samples of dry red wines and wine tasting sweet analyzed are safe to consume because they do not show 
levels of total sulfur dioxide, SO2, exceeding the maximum permissible value of which is 160 mg/l for red wines 
and 200 mg/l for sweet wines. However, and given the global trend that seeks to minimize the use of SO2 (Zero 
SO2) and current levels of use which do not exceed 45 mg/l total SO2 with 15 mg/l of SO2 free, there is an 



5140 
J. Appl. Sci. Res., 9(8): 5136-5140, 2013 

 

excess of these levels of use in nine of the 17 samples analyzed. Suggesting an excessive sulfating (Tables 6-a, 
6-b, et 6-c) (9). 
 We can conclude that among the 17 types of wine analyzed, 16 are classified as "dry red wines" and one of 
the category of "soft reds and / or sweet". All wines have normal values of pH and total acidity and do not 
exceed the permissible values in volatile acidity and sulfur dioxide. 
 However, the evolution of the most of grapes and fermenting until the vintage should be studied to reveal 
possible influence of water stress and climatic conditions on the vines and winemaking. A more profound 
analysis requiring further chemical byproducts of fermentation (glycerol, acetaldehyde, secondary alcohols, 
esters, etc. ...) should be performed (8 ). 
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