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Abstract     The aim of this study was determination of vine evapotranspiration in 
non-irrigation conditions, using the direct method of soil water balance (RET-real 
evapotranspiration) and the indirect method Thornthwaite (PET-potential 
evapotranspiration).The researches have been made on three grape varieties: 
Fetească regală, Riesling italian and Muscat Ottonel, at Research and Development 
Station for Viticulture and Enology in Blaj wine-growing centre. Comparing water 
consumption of years 2006-2008, determined by direct and indirect methods, it was 
found that the average PET during the vegetations period (4996 m3/ha) was higher 
than RET determined by the soil water balance method to all varieties studied. 
Regarding the influence of variety on the vines water consumption, is found that in 
climatic conditions of years 2006-2008, the variety Muscat Ottonel had each year, 
the lowest water consumption, with a average of 3972 m3/ha, followed by cultivar 
Riesling Italian (4117 m3/ha) and by Fetească regală (4136 m3/ha), with small 
difference between the last two. In dynamic of the mean daily water consumption, 
have been registered values between 7.8 m3/ha/day in April and 28.7 m3/ha/day in 
July, by the soil water balance method, respectively from 16.9 m3/ha/day (April) to 
39.6 m3/ha/day (July), with Thornthwaite indirect method. 
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Water is one of the most important 

environmental factors impacting on growth, yield and 
grape composition and is therefore critical for the 
quality of wine. [1, 2, 6] Berry size at harvest is 
considered a very important component of determining 
wine grape quality all over the world. [7] The 
availability of water during certain periods of berry 
growth is known to cause changes in grape 
composition and berry size. These changes include an 
increase in berry size, and dilution of berry flavor 
compounds, sugars, and organic acids, and can cause a 
decrease in tannins and anthocyanins. Water deficit 
management of vineyards has therefore received much 
attention, the consequences of which have not been 
fully elucidated. [4] 

Vineyards non-irrigated, which represent the 
largest surfaces in the country, presented not well 
known issues related to the water consumption. Crucial 
periods of water deficit are of the utmost importance. 
[5, 6] By knowing the phenomenon of 
evapotranspiration in areas of Transylvania, we can 
establish some links technology, ensuring that 
production is constant over time in terms of quantity 
and quality. [3] 

 
Method and Materials 

 
The aim of this paper was to study the water 

consumption variations to some grape-wine varieties, 

determinated with direct and indirect methods, in Blaj 
wine-growing center.  

In the experience, vine evapotranspiration has 
been determinate in non-irrigated conditions, using the 
direct method of soil water balance and the indirect 
Thornthwaite method. The following grapes wines 
varieties were taken in study: Fetească regală, Riesling 
italian and Muscat Ottonel.  

The researches were made on the 
experimental years 2006, 2007 and 2008 at Research 
and Development Station for Viticulture and Enology 
Blaj. Meteorological data were provided by weather 
stations of the SCDVV. Blaj. 

To make the water balance from the soil is 
necessary to put the condition that all water “in”, that 
include all the water sources of the soil, to be equal 
with all water „out”, that include all the water 
consumption form the soil. 

This is the way how it is obtains the water 
balance relation and then the evapotranspiration (water 
consumption): 

Ri + P + ∑m = RET + Rf 

RET = Ri + P + ∑m – Rf 
♦ RET – the real evapotranspiration or total water 

consumption (m3/ha); 
♦ Ri – the water reserve from the soil at the 

vegetation start, that is initial water reserve 
(m3/ha); 
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♦ P – the useful precipitations sum from vegetation 
period (m3/ha); 

♦ ∑m – the water quantity from irrigation, (0 m3/ha); 
♦ Rf – the water reserve remain in the soil in the 

moment of the harvest, that is the final resource 
(m3/ha). 

To determinate the initial and finale water 
resource from soil in vegetation period, was used 
gravimetric method. This method assumed to dry the 
soil crop samples from the field and determinate the 
soil water by weighing. To dry the samples was used 
the drying stove.  

In the experience, have been extracted soil 
samples, on different depth levels: 0-10, 10-20, 20-40, 
40-60, 60-80, 80-100, 100-125 and 125-150 cm, twice 
per month, in vegetation period. These samples were 
taken from three control points and the soil humidity 
was obtained as an arithmetic media of these 
repetitions. Between repetitions was accepting a 
maximum exception of 2%, and when only one 
repetition was aberrant, was eliminating from calculus. 
The next formula was use for calculate the soil 
humidity: 

  100
  masssoil Dried  

 water Evaporated= U% ×  

Thornthwaite method is based on correlation 
between water consumption of a culture and air 
temperature. The method is used to evaluate potential 
evapotranspiration (PET), by extrapolation of data on 
water consumption of plants obtained in experimental 
fields, in a large string of years, to establish the water 
needs to be supplemented by irrigation. The water 
consumption at vines was determinate with indirect 
method Thornthwaite, in non-irrigated conditions, 
using the next formulas: 
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where: 

♦ t – the medium temperature in °C, for each month 
when is calculated the water consumption; 

♦ kl – the correlation coefficient for PET of the 
geographical latitude area (luminosity coefficient), 
which take in study the medium number of light-
hours per day in each month; 

♦ kp – the correlation coefficient for PET for every 
culture, in this case for vine; 

♦ I – the thermal index of the year, 
♦ tn – annual average temperature (normal) of each 

month of the year, in °C, 
♦ i - monthly thermal index;  
♦ a - empirical coefficient. 

Daily consumption of water by the vines has 
been established through monthly reporting of 
consumptions at the number of days in month.  

 
Results and Discussions 
 

Total water consumption or evapo-
transpiration to a culture consists in amount productive 
consume from transpiration plants and in unproductive 
losses through evaporation at soil surface. Usually 
daily water consumption is expressed in m³/ha/day or 
mm. [1, 4, 5]. Vineyard non-irrigated, which represents 
the largest surfaces in the country, presents not well 
known issues related to the water consumption. The 
crucial periods of water deficit are of the utmost 
importance.  

In tables 1, 2 and 3 are presented the values 
for the total water consumption (RET-real evapo-
transpiration) and of daily consumption of vine 
determinate with soil water balance method, in non-
irrigated conditions, at the grape wines varieties: 
Fetească regală, Riesling italian and Muscat Ottonel, in 
experimental years: 2006, 2007 and 2008. In an 
optimal condition of water supply of soil, vine water 
consumption gradually increase from May, reaching a 
peak in July and then falls again in September, when 
the grapes ripening occurs to all studied varieties. One 
exception has been registered in 2007 when the 
maximum water consumption was reached in August 
to all varieties, due to drought in July. 

Table 1 

Water consumption of vine determinate with soil water balance method, in year 2006 

Variety Fetească regală Muscat Ottonel Riesling italian Varieties average 

RET, Daily 
consumption, RET, Daily 

consumption, RET, Daily 
consumption, RET, Daily 

consumption, Month 
m3/ha m3/ha/day m3/ha m3/ha/day m3/ha m3/ha/day m3/ha m3/ha/day 

April 557 18.6 417 13.9 535 17.8 503 16.8 
May 608 19.6 594 19.2 602 19.4 601 19.4 
June 704 23.5 708 23.6 721 24.0 711 23.7 
July 767 24.8 774 25.0 763 24.6 768 24.8 
August 746 24.1 748 24.2 718 23.2 737 23.8 
September 502 16.7 463 15.4 522 17.4 496 16.5 
Total 3885  3704  3860  3816  
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In the vegetation period of 2006 the lowest 
total water consumption was at Muscat Ottonel variety, 
3704 m3/ha, and had the biggest value of 3885 m3/ha at 
Fetească regală cultivar. The mean values of the daily 
consumption varied between 13.9 m3/ha/day in April 
and 25 m3/ha/day in July at the same cultivar, Muscat 
Ottonel (Table1)  

In 2007, water consumption is higher than in 
2006 to all varieties, with values ranging between 3970 
and 4157 m3/ha, with a varieties average consumption 

of 4086 m3/ha. The highest monthly water 
consumption of 902 m3/ha recorded in August at 
Muscat Ottonel, a level close to that of July.  

A comparison between studied varieties 
showed that, regarding the dynamic of mean daily 
water consumption, have been registered following 
values: 7.8-17.4 m3/ha/day in April, 18.2-22.3 
m3/ha/day in May, 22.8-27.7 m3/ha/day in June, 26.8-
28.7 m3/ha/day in July and 17.4-19.1 in September. 
(Table 2)  

 
Table 2 

Water consumption of vine determinate with soil water balance method, in year 2007 

Variety Fetească regală Muscat Ottonel Riesling italian Variety average 

RET, Daily 
consumption, RET, Daily 

consumption, RET, Daily 
consumption, RET, Daily 

consumption, Month 
m3/ha m3/ha/day m3/ha m3/ha/day m3/ha m3/ha/day m3/ha m3/ha/day 

April 506 16.9 233 7.8 520 17.4 420 14.0 
May 644 20.8 564 18.2 690 22.3 633 20.4 
June 722 24.0 831 27.7 683 22.8 745 24.8 
July 829 26.8 890 28.7 838 27.0 852 27.5 
August 884 28.5 902 29.1 878 28.3 888 28.7 
September 572 19.1 550 18.3 522 17.4 548 18.3 
Total 4157  3970  4131  4086  

 
Table 3 

Water consumption of vine determinate with soil water balance method, in year 2008 

Variety Fetească regală Muscat Ottonel Riesling italian Variety average 

RET, Daily 
consumption, RET, Daily 

consumption, RET, Daily 
consumption, RET, Daily 

consumption, Month 
m3/ha m3/ha/day m3/ha m3/ha/day m3/ha m3/ha/day m3/ha m3/ha/day 

April 577 19.2 390 13.0 564 18.8 510 17.0 
May 814 26.2 693 22.3 825 26.6 777 25.1 
June 920 30.7 877 29.2 906 30.2 901 30.0 
July 987 31.8 1062 34.3 974 31.4 1008 32.5 
August 579 18.7 706 22.8 588 19.0 624 20.1 
September 488 16.3 515 17.2 502 16.7 501 16.7 
Total 4365  4243  4359  4322  

 
 

In 2008, all varieties had the water 
consumption higher than in the other two experimental 
years, with a consumption mean at varieties of 4322 
m3/ha. A consumption level of 4243 m3/ha was 
obtained at Muscat Ottonel and very close values have 
been achieved at varieties Fetească regală with 4365 
m3/ha and Riesling italian with 4359 m3/ha.The 
highest monthly water consumption of 1062 m3/ha was 
in July at the same variety (Muscat Ottonel) like in 
years 2006, 2007.  

The values of mean daily water consumption, 
had oscillated between 13.0 m3/ha/day in April and 
31.4-34.3 m3/ha/day in July (Table 3) 

The second method of determination the vine 
water consumption was the indirect method 
Thornthwaite, based on correlation between water 
consumption of a culture and air temperature. In table 4 
are presented the results regarding the potential 
evapotranspiration in non-irrigated conditions, in 2006-
2008, calculated with mathematical formulas.  

After correcting potential evapotranspiration 
with the kl and kp coefficients, were obtained higher 
values with: 66 m3/ha in 2006, respectively 141 m3/ha 
in 2007 and 104 m3/ha in 2008, compared with ETP 
calculated only depending on temperature of vineyard 
area. 
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Table 4 
Potential evapotranspiration (PET) determinates with Thorthwaite method in experimental years 

PET for temperature 
m³/ha 

PET corrected, with kl, kp, 
m³/ha Month 

2006 2007 2008 
kl kp 

2006 2007 2008 

PET, 
average 

2006-2008 
m³/ha 

IV 533 465 496 1.13 0.9 542 473 504 506 
V 701 819 741 1.29 0.84 759 887 803 816 
VI 853 1026 983 1.31 0.86 961 1156 1107 1075 
VII 1004 1094 1003 1.32 0.9 1192 1300 1192 1228 
VIII 893 958 1030 1.22 0.77 839 900 967 902 
IX 754 658 670 1.04 0.65 510 445 453 469 

Total 4737 5019 4922   4803 5160 5026 4996 
 

In the vegetation period, the smallest value of 
total water consumption was registered in 2008-4803 
m3/ha and the biggest was of 5160 m3/ha in 2007.  

In each experimental year, the vine water 
consumption had the highest values in July, between 
1192 and 1300 m3/ha; because temperatures in this 
month had recorded the highest values from vegetation 
period. Evolution of monthly mean temperatures, 

between April and September in experimental years is 
graphic represented in figure 1.  

For the period of vegetation, the daily water 
consumption at vine has been calculated in every year. 
The medium daily consumption, determinate with the 
indirect method Thornthwaite has oscillated between 
15.8 m3/ha/day in 2007 April and 41.9 m3/ha/day in 
July, 2007. (fig. 2) 
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            Fig.1. Monthly mean temperatures from          Fig.2. Dynamic of daily water consumption of  
      experimental years, in Blaj wine-growing center        vine determinate with Thornthwaite method  
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Fig.3. Comparison between dynamic of the mean daily water consumption, 

determinate by method of the soil water balance and Thornthwaite method, 2006-2008 
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In figures 2 and 3 is graphic represents the 
dynamics of water daily consumption at vine in 
experimental years. It is graphic present a comparison 
between the mean daily water consumption 
determinate with the Thornthwaite indirect method and 
consumptions obtained by the soil water balance 
method for all three varieties (fig. 3) The comparison 
was made both between the average values of varieties 
consumption during 2006-2008, but also between this 
values and daily evapotranspiration, determine 
indirectly.  

It is found that at the beginning and end of 
vegetation period (in April and September), the mean 
diurnal water consumption, determined by the soil 
water balance method, it had higher values to the 
varieties Riesling italian (18.0 respectively 17.2 
m3/ha/day) and Feteasca regala (18.2 respectively 17.4 
m3/ha/day), compared with daily water consumption 
obtained by method Thornthwaite (16.9 respectively 
15.6 m3/ha/day). Daily consumption was lower (13.0 
m3/ha/day) at cultivar Muscat Ottonel, because the 
shoots have a slow growth at the beginning of 
vegetation, compared with the indirectly consumption 
(16.9 m3/ha/day)  

The daily medium consumption, determined 
either directly (27.5 m3/ha/day) or indirectly (39.6 
m3/ha/day) is highest in July, when take place the 
maximum growth of the grapes berry. 

Regarding the influence of variety on the 
vines water consumption, is found that, regardless of 
climatic conditions from 2006-2008, the variety 
Muscat Ottonel had each year, the lowest water 
consumption, with a average of 3972 m3/ha, followed 
by cultivar Riesling Italian (4117 m3/ha) and by 
Fetească regală (4136 m3/ha), with small difference 
between the last two. It can say that the growth vigor of 
the variety and a lower production to Muscat Ottonel 
are the main factors which have influenced the water 
consumption level, because the agrotechnical measures 
applied in vine plantation have been the same for all 
varieties. Comparing water consumption of years 
2006-2008, determined by direct and indirect methods, 
it was found that the average potential evapo-
transpiration during the vegetation period (4996 m3/ha) 
was higher than the real evapotranspiration determined 
by the soil water balance method to all studied 
varieties. (fig.4) 
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Fig.4. Comparison between water consumption determined by  
direct and indirect methods, in period of vegetation 2006-2008 

 
Table 5 

The correction coefficients of potential evapotranspiration 

Variety  Fetească regală Muscat Ottonel Riesling italian Varieties average 
2006-2008 

Month RTR / PET RET / PET RET / PET RET / PET 

April 1.08 0.68 1.07 0.94 
May 0.85 0.76 0.86 0.82 
June 0.73 0.75 0.73 0.74 
July 0.70 0.74 0.69 0.71 

August 0.82 0.87 0.83 0.84 
September 1.12 1.09 1.09 1.10 

Monthly mean of 
April-September 0.88 0.82 0.88 0.86 
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Correction coefficients of potential evapo-
transpiration, defined by ratio RET/PET, were 
calculated for each month and variety, and variety 
every month in all years of study. Finally, were 
calculated average values of those correction 
coefficients of PET, for each variety. To studied 
varieties, the monthly mean of April-September have 
values of 0.82 at Muscat Ottonel and 0.88 at Fetească 
regală and Riesling italian. In wine-growing centre 
Blaj, the average coefficient of these three varieties 
from period 2006-2008 was 0.86. (Table 5) 

Calculated correction coefficients of PET, can 
be used to establish the necessity of irrigation in 
vineyard Târnave, based on the potential 
evapotranspiration calculation by indirect methods.  

These correction coefficients of PET favor, 
also information on vine water requirements during the 
phenophases, which ensures establish an optimum 
hydric system through irrigation. In this sense are 
remarked the higher values of PET correction 
coefficients in September, what indicating an excess of 
water in studied period, knowing the fact that the vine 
requirements, regarding water consumption, are 
reduced in period of grapes maturation. 
 
Conclusions 
 
1. By understanding the phenomenon of vine 

evapotranspiration, it can be establish certain 
stages of culture technology, which to ensure 
constant productions quantitatively and 
qualitatively. 

2. Total water consumption of the vine, in non-
irrigated condition, was related directly 
proportional with level of temperature and 
precipitation during vegetation period. 

3. In experimental years (2006-2008), vine water 
consumption, between April and September, 
recorded an average of 4075 m3/ha by the soil 
water balance method and an average of 4996 
m3/ha with Thornthwaite indirect method 

4. The maximum water consumption is in July, when 
the daily medium consumption, determined either 
directly (27.5 m3/ha/day) or indirectly (39.6 
m3/ha/day) is the highest, because take place the 
maximum growth of grape berries.  

5. During vegetation period, the average potential 
evapotranspiration was higher than the real 
evapotranspiration, determined by the soil water 
balance method, to all studied varieties 

6. The results of vine water consumption, 
determinate with direct method of the soil water 
balance and Thornthwaite indirect method, proves 
the efficiency of these methods in our country 
conditions 

Correlation of real water consumption, (REP 
from the field), with the one obtained indirectly 
through Thorntwaite method was done with the 
calculated correction coefficients. 
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