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Crop production has a great contribution to water use and abstraction. Sugar beet & an important crop in
irrigated Jand in Spain and covers 70,000 ha. Crop and resources management are key factors for a sustain-
able agriculture. The aim of this work is to model the sugar beet crop growth and water consumption in order
to quantify crop water use and virtual water content in different growing conditions.

In site daily meteorological data ffom SIAR (Magrama, 2011) automatic weather stations nctwork were
downloaded for the time period 2001-2010 for the main sugar beet growing provinces in Spain. Average
farmers’ data for sowing date were considered. Seedling emergence was computed using a thermal Lime
model from lterature data (120 °C.day with a base temperature of (¢ °C). Biomass production of'the crop was
then estimated computing leaf'and canopy development as a function of'a thermal time model and the subse-
quent photosynthetically active radiation interception. Radiation use efficiency was estimated as a function
of meteorological daily values of maximum temperature and vapour pressure deficit, despite neither water
nor nutrient limitation {Arroyo-Sanz, 2002). Sugar yield was estimated considering an average harvest index
{Arroyo-Sanz, 2002). Crop growth was then modelled with daily values of mean temperature and mean solar
radiation until farmers’ average harvest date for the 10 year period (2001-2010). A soil water balance was
modelled and then green and blue water were estimated. Soil water balince included crop ET, dramage. rain-
fzll, rrigation and soil mosture content. Crop ET was the product of reference ETo, ffom daily meteorokbgi-
cal data (Penman-Monteith method), and evaporation or crop coefficients. Evaporation coefficients were
estimated before and after harvest as a function of rainfall frequency and ETo. Crop coetficients were esti
mated considering canopy development. Rainfall daily values were included. In site soil texture detined
readily available soil mogture as the difference of sotl water contertt at 10 and 45 kPa (Arroyo-Sanz, 2002).
A daily soil water balance was computed considering the drainage water the excess of rainfall over ficld
capacity, effective ranfall that stored i the soil and used by the crop and irrigation water as the amount of
water applied to refill the soil moisture until field capacity. Blue water was estimated as the irrigation needs
divided by the system application efficiency. Green water was estinmated as the sum of soil evaporation be-
fore sowing and affer harvest, crop evapotranspiration from emergence until the first irrigation and effective
rain during the irrigation period. Grey water was considered as the polluted water, and was calculated with
the site specific nitrogen fertitisation of'the crop, estimated nitrate leaching and water quality standards. Vir-
tua l water content was computed adding daily blue, green and grey water for the 10 year period (2001-2010).
The modelled biomass accumulation in Valladolid province in the period 2001-2010 & shown in Figure 1.
The temporal trend of crop growth during the growing season shapes a sigmoid curve. Biomass at harvest i
the last value of'the curve. The most producing years are 2005 and 2007, so the value of the water footprint
is relatively tower. The estimated value of sugar virtual water content is shown in Figure 2. The largest va b
ues arce rcached in year 2002 and 2003, the two wettest years. So, green water footprint (mm} s positively
and highly correlated with annual rainfall This relatively high rainfall does not afléct the water consumption
in rrigation nor the blue water tOotprint.

References

Arroyo Sanz, J.M. (2002). Influencia del riego sobre ¢l crecimiento, el rendimicnto, la calidad industrial y las
eficiencias en el uso del agua de ricgo y de la radiacion PAR en el cultivo de ki remolacha azucarera
(Beta vulgaris 1..). Ph.D. Thess. Universidad Politécnica de Madrid, Spain.,

Magrama (2011). Sistena de informacion climitica para el regadio. Ministerio de Agriculiura, Alimentacion
y Medio Ambiente. In: hitp 7/www.magrania.es/es/agua/temas/observatorio-del regad ic-espano Vs isterma-
de-Informacion- Agroclimatics-para-ek Regadio/default.aspx

746



GROUP 2, SESSION A CARBON OR WATER FOOTPRINTS. SOII . BIODIVERSITY 8" Int. Conference on 1LCA in the
Agri-Food Scctor, -4 Oct 2012

‘ BOOO e A S S A ST T S R AR S K e R R N G S R R S

‘ 5000 -— § ri f

4000

3000

2000 } é

1000

Biomass (g/m?)

0+
06/12/1998 19/04/2001 01/09/2002 14/01/2004 28/05/2005 10/10/2006 22/02/2008 06/07/2009 18/11/2010 0140472012

Date

Figure 1. Simulated biomass accumulation of'sugar beet crop in Valladolid province (Spain) from 2001 -
2010.
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Figure 2. Bstimated yearly virtual water content of sugar in Valladolid province (Spain) during the period
2001-2010.
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