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Abstract 
This paper deals with the trend for Penman-Monteith reference evapotranspiration (ETo), crop 
evapotranspiration (ETc) and irrigation water requirements (IWRs) of some horticultural species 
during the first decade of the 21st century in Southern Romania. The species studied here were: 
strawberry, tomato and table grapes. These indices were calculated for three weather stations in 
various relief regions of southern Romania: Pitesti, Bucharest-Baneasa and Constanta. Monthly 
distribution of ETo for the three locations studied showed that for the first half of the year, the 
monthly values were higher for the first decade of the 21st century versus the means of the 20th 
century. In the first decade of century XXI versus century XX, ETc specifically increased in May, 
June and July, while in August the increase was negligible, and in September ETc decreased. 
Remarkable high ETc values were especially met for tomato. IWRs have not shown a clear pattern 
with regard to the trend in the first decade of the XX century versus century XX. IWRs increased in 
May versus century XX. The following months: July and August had practically the same IWRs 
values, whereas September was the month where irrigation application decreased by about 60-
80% versus last century. Because this study only refers to one decade from a new century, and 
this decade showed high dynamics in global warming versus century XX, these changes could 
also have either a cyclic or a long term character, and this finding should be confirmed by further 
studies.  
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1. Introduction  
 

During the much debated global warming (e.g. Hansen et al., 2006), the increase in crop 
evapotranspiration (ETc) is predicted by some model scenarios evaluating the impact of global changes in 
Romania (Marica and Busuioc, 2004); according to these authors, ETc would increase especially during 
the crop growing season in the southern parts of Romania. In this context, Paltineanu et al. (2007a and b, 
2009), among others have reported data on arid or drought-affected areas, including water-crop response 
and irrigation water requirements (IWRs) for various regions of Romania.  

However, some authors have predicted that little or no change in reference evapotranspiration 
(ETo) is likely to occur due to increasing temperature (Snyder et al., 2010), as effect of increasing air 
humidity and higher CO2 concentrations which both tend to reduce transpiration and counteract the 
higher temperature effects on ETo. Consequently, ETc would remain unchanged if crop coefficients were 
stable. 

The purpose of this paper is to show the new trends for crop evapotranspiration and irrigation 
water requirements (IWRs) for some horticultural crops during the first decade of the 21st century in some 
areas of Southern Romania. 

 
 
2. Materials and Method 
 

The crops investigated here are represented by strawberry, tomato and table grapes, all of them 
grown in the three locations chosen for this study. 

Mean daily, monthly and annual weather statistics were calculated for three weather stations in 
various relief regions of southern Romania: Pitesti, Bucharest-Baneasa and Constanta. Constanta is 
representative for the south-eastern part of the country – the Dobrogea Plateau region with most of its 
territory between 100 and 300 m altitude – whereas Bucharest-Baneasa and Pitesti are representative for 
the central part of the Romanian Danube Plain (altitude mainly between 60 and 100 m) and the northern 
part of the same plain (the High Plain of Pitesti, with an altitude mainly around 300 m), respectively. The 
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southern part of Romania was chosen for this study due to the fact that it is the most arid region of this 
country. 

The data set used in this paper consisted of mean daily data for temperature and precipitation, as 
well as for other climatic parameters needed in calculating the FAO recommended Penman-Monteith 
reference evapotranspiration (ETo) like: sunshine hours, air humidity, as well as wind speed at 10 m or 2 
m height. Wind speed measured at a height of 10 m was transformed into wind speed values at 2 m 
height using regressions equations given by Paltineanu et al. (2007b) for these regions. The period of 
investigation was one decade, mainly from 2000 to 2010, and these data were compared to similar data 
obtained for century XX (Paltineanu et al., 2007b). 

The quality of data set was reliable because they were recorded in the national network, and 
standard quality control methods were applied to the data set used.  

Penman-Monteith method (Monteith, 1965; Jensen et al., 1990; Allen et al., 1998) was used to 
calculate daily and monthly values of ETo: 
 

ETo = (0.408Δ(Rn-G)+900γ U(ea-ed)/(T+273))/(Δ+γ(1+0.34U))   
 
where Rn is the net radiation at grass surface (MJ m-2 d-1), G is the soil heat flux (MJ m-2 d-1), T is average 
temperature (°C), U is wind speed at 2 m height (m s-1), (ea-ed) is vapour pressure deficit (kPa), Δ is slope 
of the vapour pressure curve (kPa C-1), γ is psychrometric constant (kPa C-1). The other terms needed to 
calculate ETo were taken from Jensen et al. (1990) and Allen et al. (1998). 

Crop coefficient (Kc) for mid-season (Kc mid) and final plant stage (Kc end) was calculated according 
to the formulae given by Allen et al. (1998): 

 
Kc mid = Kc mid’ + (0.04 (U2 - 2) - 0.004 (RHmin - 45)) (h/3)0.3 

   
where Kc mid’ was tabulated in Allen et al. (1998) and h denominated the average crop height. Kc end was 
similarly estimated with the same formula by replacing Kc mid’ with Kc end’, also tabulated, and initial Kc, 
namely (Kc ini) was taken from the same table (Allen et al., 1998). The procedure was similar to that 
presented by Doorenbos and Pruitt (1977). Crop coefficients for each 10-day period in the growing 
season were then plotted versus time for all months of interest. 

Crop evapotranspiration (ETc) was then estimated by multiplying the ETo values with the Kc 
values, and irrigation water requirements (IWRs) data resulted from subtracting effective precipitation 
from ETc (CROPWAT Programme, Smith, 1992), without taking into account the variation in soil water 
content.  

The method given by Allen et al. (1998) was previously checked in Romania by Paltineanu et al. 
(2007b).  
 
3. Results and discussions 
 
3.1. Reference evapotranspiration (ETo) 

The mean values ranged between 3.34 and 3.39 mm/day during the growing season and 
between 4.38 and 4.52 mm/day in the summer time (Paltineanu et al., 2011); the highest mean values 
occurred in Constanta, due to sunshine hours and wind speed alike. Using annual values as replicates, 
test t analysis revealed no significant differences between the ETo means in the case of the growing 
season in spite of the fact that their altitudes and relief positions are quite different, and highly significant 
differences between Constanta on the one hand and the other two locations on the other hand in the case 
of summer time. 

Monthly distribution of ETo for the three locations studied and the comparison between the mean 
values of the first decade of the 21st century and the ones of the 20th century are shown in fig. 1. For all 
the three stations studied, for the first half of the year it can be noted that the monthly values are higher 
for the first decade of the 21st century versus the means of the 20th century. 
 
3.2. Crop evapotranspiration (ETc)  
 For the main months regarding the magnitude of ETc, e.g. the May through September period, in 
the first decade of century XXI versus century XX, ETc specifically increased in May, June and July, while 
in August the values were almost steady, and in September ETc decreased, fig. 2 (real values) and fig. 3 
(as percentage).  

Remarkable high ETc values were especially met in July for tomatoes: around 180 mm/month in 
Constanta and Bucharest-Baneasa, and about 170 mm/month in Pitesti, fig. 2. In the case of strawberry 
and table grapes one might say that the maximum values of July were about 120-130 mm in Constanta 
and Bucharest-Baneasa and Pitesti.  

The lowest ETc values occurred in May and September, especially in the latter, with about 40-60 
mm in all places investigated. 
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3.3. Irrigation water requirements (IWRs)  

IWRs are depicted in fig. 4. For the mean climatic conditions of this decade, in May there is no 
need to irrigate the crops studied, except strawberry; IWRs increased for all the three locations in this 
month and reached about 60 mm in Constanta and Bucharest Baneasa and about 40 mm in Pitesti. As 
seen above, IWRs increased in the first decade of century XXI versus century XX.  

June represents the second month when IWRs went up versus century XX. During June, for 
Constanta strawberry and table grapes require about 65-70 mm and tomato about 90 mm irrigation water, 
respectively. For the other two locations IWRs are as much as 40-50 mm for strawberry, 50-60 mm for 
tomato, and 30-40 mm for table grapes.  

In July, the increase in IWRs versus century XX is apparent, especially for Constanta, with about 
90 mm for strawberry, 150 mm for tomato and 100 mm for table grapes. As a remark, tomato is a really 
big water consumption crop in this month. In Bucharest-Baneasa, IWRs account for about 60 mm for 
strawberry, 120 mm for tomato and 70 mm for table grapes, whereas in Pitesti these figures are lower: 
about 40 mm for strawberry and table grapes and 80 mm for tomato. 

In August, in Constanta IWRs decrease slowly versus century XX and reach as much as 70 mm 
for strawberry, 90 mm for tomato and 80 mm for table grapes. In Bucharest-Baneasa IWRs are like in 
century XX: about 70 mm for strawberry and table grapes and 80 mm for tomato; in Pitesti the IWR 
values are of the same order of magnitude for strawberry and table grapes in century XX (about 40 mm) 
and decrease slowly for tomato (to 55 mm).  

In September IWRs are very low and decreased versus century XX; practically no crop needs 
irrigation application during this month. 

IWRs recommended above could be carried out in 1-3 applications per month in the field, 
depending on the soil and climate conditions, water amount and on irrigation method used. 

The percentage of IWRs in the first decade of XXI century versus XX century is shown in fig. 5. 
Due to the complex trend in ETc and precipitation dynamics, IWRs increased in May (especially in Pitesti 
and Bucharest-Baneasa) and June. The increase was higher in Pitesti, as in this location IWRs were 
lower than in the other two. The following months: July and August have practically the same IWR values, 
whereas September is the month where irrigation application decreased by about 60-80% versus last 
century. 

 
4. Conclusions  
 

Monthly distribution of ETo for the three locations studied showed that for the first half of the year, 
the monthly values were higher for the first decade of the 21st century versus the means of the 20th 
century.  

In the first decade of century XXI, ETc specifically increased in May, June and July, while in 
August the increase was negligible, and in September ETc decreased versus century XX. Remarkable 
high ETc values were especially met in July for tomato: around 180 mm/month in Constanta and 
Bucharest-Baneasa, and about 170 mm/month in Pitesti. 

Due to the complex trend in ETc and precipitation dynamics, IWRs increased in May (Constanta) 
and June. The following months: July and August have practically the same IWR values, whereas 
September is the month where irrigation application decreased by about 60-80% versus last century.  

For scenarios using irrigation under soil water stress conditions, as regulated deficit irrigation, 
IWRs are substantially lower. 

The extreme south-eastern part of the country located near the Black Sea (Constanta) 
maintained large IWRs differences versus the central part of the Danube Plain (Bucharest) and the High 
Plain of Pitesti.  

Because this study only refers to one decade from a new century, and this decade showed high 
dynamics in global warming, these changes versus century XX could also have either a cyclic or a long 
term character. An answer to this dilemma could only be done after another past decade of this century. 
 
 
5. References  
 

1. Allen RG, Pereira LS, Raes D & Smith, M (1998). Crop evapotranspiration. Guidelines for 
computing crop water requirements. FAO Irrigation and Drainage Paper 56, Rome, 301 pp. 

2. Doorenbos J., and W. O. Pruitt, 1977. Guidelines for predicting crop water requirements. FAO 
Irrig. And Drain. Paper No 24, FAO Rome, Italy, 156 pp. 

3. Hansen, J., Sato, M., Ruedy, R., Kharecha, P., Lacis, A., Miller, R., Nazarenko, L., et al. 
(2007). Climate simulations for 1880–2003 with GISS model E. Climate Dynamics, 29(7): 661-696.  

4. Jensen ME, Burman RD and Allen RG (Eds.). (1990). Evapotranspiration and irrigation water 
requirements. ASCE Manual 70, New York, NY, 332 pp. 



Scientific papers, R.I.F.G. Pitesti, Vol. XXVII, 2011 
 

5. Marica AC and Busuioc A (2004). The potential of climate change on the main components of 
water balance relating to maize crop. Romanian Journal of Meteorology, vol. 6, no, 1-2, Bucharest, 
Romania: 50-57. 

6. Monteith, J.L. 1965. Evaporation and the environment. In: The state and movement of water in 
living organisms, XIXth Symposium Soc. for Exp. Biol., Swansea, Cambridge University Press: 205-234. 

7. Paltineanu Cr., I.F. Mihailescu, I. Seceleanu, C. Dragota, F. Vasenciuc, 2007a. Using aridity 
indexes to describe some climate and soil features in Eastern Europe: a Romanian case study. 
Theoretical and applied climatology, Springer Velag Vienna, Volume 90, no. 3-4, pg. 263-274. 

8. Paltineanu Cr., I.F. Mihailescu, I. Seceleanu, C. Dragota, F. Vasenciuc, 2007b. Ariditatea, 
seceta, evapotranspiraţia şi cerinţele de apă ale culturilor agricole în România. Editura Ovidius University 
Press, Constanţa, 319 p.  

9. Paltineanu Cr., I.F. Mihailescu, Z. Prefac, C. Dragota, F. Vasenciuc, C. Nicola, 2009. 
Combining the standardized precipitation index and climatic water deficit in characterizing droughts: a 
case study in Romania. Theoretical and applied climatology, volume 97, no. 3-4, Springer Velag 
ViennaNewYork: 219-233. 

10. Paltineanu Cr., E. Chitu and E. Mateescu. 2011. New trends for reference evapotranspiration 
and climatic water deficit during the first decade of the 21st century in Southern Romania (in press).  

11. Snyder, R. L., Moratiel, R., Song, Z., Swelam, A., Jomaa, I., Shapland, T. Evapotranspiration 
Response to Climate Change. Proceedings of the International Congress of Horticulturae, Lisbon, 
Portugal. Acta Horticulturae, 2011 (in press). 

12. Smith M. 1992. CROPWAT-A computer program for irrigation planning and management. 
FAO Irrig. and Drain. Paper 46, Rome, 126 pp. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Scientific papers, R.I.F.G. Pitesti, Vol. XXVII, 2011 
 

Tables and figures 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Monthly distribution of Penman-Monteith ETo for the three locations studied, comparison 
between the mean values of the first decade of the 21st century and the ones for the 20th century 
(after Paltineanu et al., 2011)  
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Fig. 2. Comparison between crop evapotranspiration (ETc) for decade I of century XXI and century 
XX, monthly values, for five months and three locations of southern Romania; horticultural crops 
studied: strawberry, tomato and table grapes 
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Fig. 3. Comparison between the percentage of the fruit tree crop evapotranspiration (ETc) for 
decade I of century XXI versus century XX, for five months and three locations of southern 
Romania; averages for all crops studied 
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Fig. 4. Comparison between irrigation water requirements (IWRs) of the crops studied for decade I 
of century XXI and century XX, monthly values, for five months and three locations of southern 
Romania 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Comparison between the percentage of the irrigation water requirements (IWRs) for decade 
I of century XXI versus century XX, for five months and three locations of southern Romania; 
averages for all three crops studied 
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