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Little information is available about P loses in ag ricultural soils 
from South Europe, in particular in Mediterranean ar eas from 
Spain. This work describes P losses in two represen tative 
agricultural systems:

a) bi-annual crop 
rotation (sugar beet-
cotton) under 
irrigation in 
reclaimed marsh 
soils

b) rainfed bi-
annual crop 
rotation 
(wheat-
sunflower).

INTRODUCTION
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Canena

Marsh soils, 
close to
“Doñana area”
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Main soil properties were:  
� from 0 to 30 cm depth, 70 % 

clay content; 24 % carbonate 
content; 19 mg kg -1 Olsen P. 

� from 30 to 90 cm depth, 47 % 
clay content; 35 % carbonate 
content; 12 mg kg -1 Olsen P.

Marsh soil in the Marisma of Lebrija, SW Spain

Tile-drained soil 
in the estuarine 
region of the 
river 
Guadalquivir
(total drained 
area 40000 ha)

Drain flow and 
P content in 
water was 
monitored 
during four 
years (from 
1999 to 2000 
and from 2003 
to 2004).

EXPERIMENTAL
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Catchment 1
61.5 ha; soils were mainly Vertisols; 44-
50 % clay content in upper horizon; pH 
7.4-7.9; Olsen P: ranging from 10 to 85 
mg kg -1; 80 % of the catchment surface 
ranging from 10 to 30 mg kg -1

Catchment 2
24.5 ha; soils were mainly Alfisols; 6 - 33 
% clay content in upper horizon; pH 7.4 -
8; Olsen P: ranging from 5 to 70 mg kg -1; 
80 % of the catchment surface ranging 
from 20 to 30 mg kg -1

P rate: 0 to sunflower and 30 kg P ha -1 to wheat
Variables studied:
� P forms in soils and sediments eroded
� Runoff, sediment and P loss from the catchment. 

Wheat in 2001
Sunflower in 2002

Sunflower in 2001
Wheat in 2002
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Hand made 
flow meter 
used in 
marsh soils

Isco flow meter and
sampler in 
catchments
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RESULTS AND DISCUSSION

Table 1. Concentration of different P forms in drainage water and P losses in drainage water in a tile-drained marsh soils 
from the Guadalquivir Valley (SW Spain) in three different growing seasons with different irrigation water management † 

  Concentration Loses 

Crop Drainage 
fraction 

DRP DTP TP DRP DTP TP 

  ------------------------- mg L-1 --------------------- ----------------------- g ha-1 ---------------------- 

Sugar beet 1999 0.03 0.068 ±  0.008                   

 

0.116 ± 0.026 

 

0.123 ± 0.066 16 19 20 

Cotton 2000 0.35 0.039 ± 0.024 0.053 ± 0.024 

 

0.077 ± 0.048 113 154 211 

Cotton 2003 0.07 0,046 + 0,026 

 

0,054 + 0,027 

 

0,080 + 0,070 34 37 51 

Sugar beet 2004 0.02 0,041 + 0,029 

 

0,054 + 0,038 

 

0,109 + 0,180 5 7 10 

† DRP, dissolved molybdate reactive P; DTP, dissolved total P; TP, total P; drainage fraction, fraction of applied water lost through 
drainage during the growing season; rain + irrigation was 1003 mm in 1999, 900 mm in 2000, 1116 in 2003, and 890 in 2004. 
Applied P fertilizer to each crop 70 kg P ha-1 
Means and standard deviations 
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Phosphorus in drainage water was higher than in the  saturation extract 
of subsuface horizons.

Phosphorus concentration in drainage water from rec laimed marsh soil 
can be considered high enough to trigger eutrophic e ffects. However, 
the highest mean P losses observed were 211 g ha -1 per year; this loss, 
was ascribed to a poor efficiency in irrigation (fu rrow), which promoted 
a high drainage fraction. 

In the other years, losses were lower, particularly  with sugar beet 
(lower than 20 g ha -1 per year), which can be explained by the use of 
sprinkler irrigation with a higher efficiency than furrows used in cotton. 
Thus, it can be concluded that in irrigated drained  agricultural lands, 
efficiency in water use is a key factor determining  P losses.
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Table 2. Overland flow, sediment and phosphorus loses during different rain 
events in a Vertisol catchment in S Spain† 

Date Rain Runoff Sediment 
loss 

Total P loss 
in runoff 

DTP loss in 
runoff 

 -------------- mm ------------- -------------------- kg ha-1---------------------- 

11/01/2002 24 3.3 292 0.18 0.001 

21/03/2002 55 50 14514 9.66 0.022 

17/04/2002 31 13 634 0.46 0.009 
†DTP, dissolved total P 
 

Table 3. Overland flow, sediment and phosphorus loses during different rain 
events in an Alfisol catchment in S Spain† 

Date Rain Runoff Sediment 
loss 

Total P loss 
in runoff 

DTP loss in 
runoff 

 -------------- mm ------------- -------------------- kg ha-1---------------------- 

16/01/2001 59 27 131 0.24 0.055 

22/01/2001 23 2 12 0.02 0.004 

13/03/2001 162 47 1816 1.35 0.132 

30/01/2002 11 0.6 32 0.02 0.001 

21/03/2002 55 54 395 0.35 0.097 
†DTP, dissolved total P  

Sunflower

Sunflower

Wheat
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In the two catchments studied, P loss was mainly as sociated 
with erosive processes, and most of the P loss (> 9 9 %) was 
particulate P. 

Runoff higher than 50 mm promoted total P losses ar ound 10 kg 
ha-1 in the Vertisol catchment, and losses between 0.35 a nd 1.35 
kg ha -1 in the Alfisol catchment. 

In the same runoff event, with similar runoff to ra in ratios, 
sediment and P lost were higher in Vertisol catchmen t than in 
Alfisol catchment.

Similar runoff promoted greater sediment and total P los ses in 
soils with sunflower than with wheat at the beginig of the spr ing
as a result of a poor soil cover. Also, with wheat the rat io DTP/TP 
was greater. 
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Labile P forms (adsorbed and 
soluble precipitated Ca phosphates) 
accounted for 59 % of inorganic P 
forms in eroded sediments from 
Alfisol, meanwhile in Vertisols these 
forms only accounted for 21 %. 

P losses in Alfisols trend to be lower 
than in Vertisols

Thus, the P release potential of 
sediments eroded from Alfisols was 
significantly higher, the 
environmental impact per unit of 
mass of P lost being expected higher 
in this type of soils.
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SOME INFORMATION PUBLISHED ABOUT SOILS FROM SOUTH SPAI N
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