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ABSTRACT: In this work, we analyse the salt and sediment load from
an irrigation area located in a semi-arid environment in the Ebro Valley
(Bardenas, Zaragoza). The results show higher solute and sediment load
in the waters exiting the irrigation area compared to the inputs waters.
Changes in the suspended load are very small, and most of the increase
corresponds to soluble salts. During the period of irrigation, solute con -
centration is lower than during the non-irrigation periods because of hig -
her dilution. However, the total load output during the irrigation periods
is greater because the irrigation flows and returns are also higher.

RESUMEN: Se estudia la exportacion de sales y sedimentos en una
cuenca de regadio de ambiente semidrido en Bardenas (Zaragoza). Los
resultados muestran un incremento de sedimentos en el agua de salida de
la cuenca respecto a la de entrada, correspondiendo mayoritariamente a
sales disueltas y muy poco a material en suspension. Durante e periodo
de riego la concentracion de sales es mas baja que en los dias sin riego,
debido a una mayor dilucién, si bien las pérdidas totales son superioresen
la fase de riego en relacion con un caudal de retorno mucho més elevado.
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1. Introduction

Most of new irrigation areas in Spain are located in semi-arid or arid environments,
like the central Ebro Depression, with saline and/or sodic soils, which have negative
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environmental consequences (Machin et al., 1995). The high amount of saltsin solution
deteriorates water quality and causes salinization problems on irrigation fields down-
stream that re-use the water, and on the fauna and vegetation of rivers (Porta and
Boixadera, 1988). Szabolis (1989) indicated that more than 10 million ha of irrigation
fields are abandoned yearly because of salinization problems.

In the Ebro Depression the salinity of soils and water is an important environmental and
economical problem, caused by the combination of both saline or gypsiferous materials and
the semi-arid climate (e.g. Alberto et al., 1986; Navas, 1991, Golley and Bellot, 1991). The
aim of thiswork was to quantify the amount of salts and sedimentsthat is supplied from an
irrigation area comprising two periods of irrigation and one of non irrigation.

2. Study area

The study was carried out intheirrigation polygon 27 of the Bardenas | system
(Zaragoza). This polygon has a surface area of 643 ha (Figure 1). Climate is Mediterranean-
continental. In the meteorological station of Santa Anastasia precipitation of 423.5 mmy-*
isrecorded. Mean temperatures are 14 °C, and potential evapotranspiration valuesin the
studied polygon are between 1070 and 1140 mmy* (Martinez Cob et al., 1998). Severa
geomorphologica units can be distinguished and are described in Lasanta et al. (1999).

The area without cultivation occupies 213 ha, and is located in the sector that is
affected by gullies. This part has bare surfaces and also typical vegetation of semi-arid
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Figure 1. The study area.
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areas (Rhamnus lycioides, Brachypodium ramosum, Helianthemun pilosum, Thymus vul
garis, Salsola vermiculata, Lavandula latifolia); some slopes are covered by reforesta-
tion of pine trees. The other 433 ha have been in use for irrigation since 1959, mainly for
forage crops.

3. Methods of research

Precipitation data was taken from the meteorological station near Santa Anastasia (9
km from the study area). Discharge values of daily irrigation were obtained from the
office of the Confederacion Hidrografica del Ebro in Sadaba (Zaragoza).

Water sampling was carried out during 16 months (from June 1999 until September
2000). It comprises two irrigation periods (from mid April until mid October), and a
period without phases of irrigation (mid October until mid April). Irrigation water is sup-
plied by the «Cinco Villas» channel and is distributed over the catchment by 7 irrigation
ditches («acequias»). Water samples were taken every 13 days, totally 37 sampling days.
The samples were taken in 14 sampling points (Figure 2), two of them are located respec-
tively in the main input channel, and at the output channel at the confluence with the
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Figure 2. Location of the sampling points.
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Figure 3. Water inputs fromrainfall and irrigation in the catchement.

Riguel river, which receives the water outputs of the polygon. In this point the discharge
measurements were carried out, using the «velocity-area» method (Shaw, 1983). The
other 12 sampling points were strategically distributed over the collecting channels.

4. Results

Total water input was 18.61 hm? during the study period, as can be seen in Figure 3,
the water input due to rainfall was 3.35 hm? and that from the irrigation channel was
15.25 hm?3, of which approximately one third (6.28 hm?) left the polygon as return flow.
For the hydrological year (from October 1999 until september 2000) the discharge of the
return flow was 26.5 % of the total water input (water input was 13.40 hm? and output
3.55 hm?3).

The discharges of the return flows varied between 0.29 and 0.054 m® s®. A strong
relationship was observed between the input and output flows. The highest return flows
were recorded during the months with largest water inputs. During the study period the
main collector always carried water, including days without rain and without irrigation
coming from rice fields that supply water continually.

The amounts of salt and sediments in the rainwater, input water of the irrigation
channel and output water in main collector (point AB) is shown in Table 1. The sus-

Table 1. Average concentrations of salts and sediments

EC Sediment | Solutes (tds)
nScm? mgL? mglL?
Rainwater 39.80 5.38 120.56
Channel 302.93 18.23 304.87
ABirrigation 3071.60 41.78 2261.77
AB nonirrigation 5561.43 40.13 3919.00m
AB total 3542.65 41.47 2651.09
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pended sediment underwent a moderate increase (it multiplied 2.3 times). In contrast, the
salt load multiplied 18.7 times with respect to the rainwater, and 7.4 with respect to the
input irrigation water. Total losses are about 15.2 t ha* year?, of which 15t ha! year?
correspond to solutes and only 0.2 t ha! year? are sediment in suspension. During the
irrigation period losses of material are 8.08 t ha! (57.9 % of total losses) while during
the rest of the year 6.4t ha’ are exported.

A Cluster analysis was carried out for identifying the possible sources of salt |oad.
The main irrigation input channel and point 2 were excluded because of their respec-
tively extremely low and high values. The analysis shows that 3 groups can be identi-
fied (Figure 4).
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Figure 4. Cluster analysis of ion concentrations in the sampling points.

Group | isformed by points AR, 5 and 3. Land use is characterised by natural vege-
tation, inserted between areas with bare soils and afalfa. Immediately above point 3 sev-
eral abandoned fields are present, because of the high salt contents of the soil. This group
has a high conductivity (3 5000 mScm?).

Group Il includes points AR1, AR2, 6 and 4, which receive water from the central
part of the catchment. Around point 6, natural vegetation is predominant, with extended
zones of bare soils. On the pediment surfaces|l and 111, alfalfaisthe most abundant crop.
Thisis similar for points AR1 and AR2. In this group the values for EC are the lowest
ones as well as the material in suspension.

Group Il is formed by 5 sampling points (INT, AB, 1AR, 1AB and 7). They are sit-
uated in the lower parts of the catchment. The cultivation is almost exclusively rice.
Values for conductivity are intermediate between group | and group Il (the extremes of
the mean values are 2757 and 4463 mS cm'Y).
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5. Discussion and conclusions

The results of this study indicate that irrigation management has little efficiency.
More than a quarter of the water input for irrigation leaves the polygon as return flow.
Both rain and irrigation input waters are of high quality (303 mS cm') whereas output
water has a mean value of 3543 mS cmrl. This high value is due to dissolution of salts
as the irrigation water flows through the catchment. It is well documented in the litera-
ture that return flows from irrigation cause a loss of quality of the water that is used
downstream, or that returns to the river (Machin et al., 1996).

The increase in conductivity during the period without irrigation is caused by the
smaller discharges of outflow and the relative higher contribution from uncultivated dur-
ing this phase. An inverse relation exists between discharge and salt concentration, which
is evident in irrigated areas in semi-arid environments (Wichelns and Nelson, 1987;
Harker, 1983). But aso it has to be considered that soils in uncultivated areas contain
more salts than in the cultivated ones. The high discharge values of the return water and
its high concentration suppose important losses of material. The estimated figure of
15.2t halylissimilar to the value of 13.6 t ha'y ! obtained by Basso (1994) in the same
catchment for the hydrological year 1991-1992.

Asmuch as 98.6 % of the total amount of exported material correspond to dissolved
material, while only 1.4 % are sediments in suspension. The spatial differencesin con-
ductivity could be explained by the relative higher contribution from uncultivated soils
(saline and sodic soil type) in group |, compared to group 11, were rice predominates as
mono-cultivation. The rice fields tend to reduce the conductivity of the water as a con-
sequence of the high discharges of the return flows.
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