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������ ,QWURGXFFLyQ� ����� /H\� GH� 'DUF\�� ����� (FXDFLyQ� GH�
5LFKDUGV�������,QILOWUDFLyQ�\�UHGLVWULEXFLyQ��
�
�����,QWURGXFFLyQ�
(O� VXHOR� HV� XQ� PHGLR� SRURVR� FDSD]� GH� UHWHQHU� DJXD�� $KRUD�
ELHQ�� HVWH� DJXD� QR� SHUPDQHFH� HVWiWLFD� VLQR� TXH� VH�PXHYH� HQ�
UHVSXHVWD� D� JUDGLHQWHV� GH� SRWHQFLDO�� (O� IOXMR� GHO� DJXD� HQ� HO�
VXHOR�HV��SRU�WDQWR��XQ�SURFHVR�PX\�GLQiPLFR���
&XDQGR�HO�DJXD�HQWUD�HQ�FRQWDFWR�FRQ�OD�VXSHUILFLH�GHO�VXHOR��
ELHQ� SRU� ULHJR� R� SRU� ODV� OOXYLDV�� pVWD� SHQHWUD� HQ� HO� VXHOR��
&XDQGR� VH� KXPHGHFH� OD� WRWDOLGDG� GH� OD� VXSHUILFLH� GHO� VXHOR�
�H�J�� ULHJR� SRU� DVSHUVLyQ�� HO� IOXMR� WLHQH� OXJDU� HQ� OD� GLUHFFLyQ�
YHUWLFDO�� HQ� SURIXQGLGDG�� 6LQ� HPEDUJR�� FXDQGR� HO�
KXPHGHFLPLHQWR� HV� SDUFLDO� VH� GD� XQD� FRPELQDFLyQ� GH� ORV�
PRYLPLHQWRV�YHUWLFDOHV�\�ODWHUDOHV��H�J��ULHJR�SRU�VXUFRV�R�SRU�
JRWHR���(Q�OD�ILJXUD���VH�SXHGHQ�REVHUYDU�GLVWLQWRV�SDWURQHV�GH�
DFXPXODFLyQ� GH� VDOHV� HQ� IXQFLyQ� GHO� VLVWHPD� GH� ULHJR� FRPR�
UHVXOWDGR�GH�VX�GLIHUHQWH�SDWUyQ�GH�KXPHGHFLPLHQWR���
8Q�IOXMR�GH�DJXD�GHVFHQGHQWH�SXHGH�GDU� OXJDU�D�TXH�HO�DJXD�
VDOJD� GH� OD� UL]RVIHUD� �DJXD� GH� GUHQDMH� R� SHUFRODFLyQ�
SURIXQGD��� \� FRQWUDULDPHQWH�� XQ� IOXMR� DVFHQGHQWH� GHVGH� OD�
FDSD� IUHiWLFD� SXHGH� FRQWULEXLU� DO� DSRUWH� GH� DJXD� D� OD�
UL]RVIHUD��$GHPiV��HO�DJXD�SXHGH�PRYHUVH�GLUHFWDPHQWH�GHVGH�
HO� VXHOR� D� OD� DWPyVIHUD� SRU� HYDSRUDFLyQ� H� LQGLUHFWDPHQWH� D�
WUDYpV�GH�ODV�SODQWDV�SRU�WUDQVSLUDFLyQ��
/D� FRPSUHQVLyQ� GH� HVWH� VLVWHPD� GLQiPLFR� HV� QHFHVDULD� SDUD�
FRPSUHQGHU�D�VX�YH]�ORV�SULQFLSLRV�EiVLFRV�GHO�IOXMR�GHO�DJXD��
�
�����/H\�GH�'DUF\�
6L� FRQVLGHUiVHPRV� DO� VXHOR� FRQVWLWXLGR� SRU� XQ� KD]� GH� WXERV�
ILQRV�\�UHFWRV��SRGUtDPRV�DVXPLU�TXH�HO�IOXMR�WRWDO�VHUtD�LJXDO�D�
OD�VXPD�GH�ODV�WDVDV�GH�IOXMR�LQGLYLGXDO�SRU�FDGD�XQR�GH�HVRV�
WXERV��(O�XVR�GH� OD�HFXDFLyQ�GH�3RLVHXLOOH�SHUPLWLUtD�FDOFXODU�
HO�IOXMR�WRWDO�D�WUDYpV�GHO�KD]�GH�WXERV��SUHYLR�FRQRFLPLHQWR�GH
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�OD� GLVWULEXFLyQ� GH� VXV� GLiPHWURV� \� GH� OD� GLIHUHQFLD� GH�
SUHVLRQHV� H[LVWHQWH� HQWUH� ORV� H[WUHPRV� GH� GLFKRV� WXERV��
'HVDIRUWXQDGDPHQWH�HVWH�SXQWR�GH�YLVWD�HV�PX\�VLPSOLVWD��\D�
TXH� ORV� SRURV� GHO� VXHOR� QR� VRQ� WXERV� OLVRV� \� XQLIRUPHV� VLQR�
DOWDPHQWH�LUUHJXODUHV��WRUWXRVRV�H�LQWHUFRQHFWDGRV��(O�IOXMR�GH�
DJXD�HQ�HO�VXHOR�VH�YH�OLPLWDGR�SRU�QXPHURVDV�FRQVWULFFLRQHV�\�
RFDVLRQDOPHQWH�DSDUHFHQ�SRURV�FLHJRV��3RU�HOOR��HV�PX\�GLItFLO�
DVHPHMDU�HO�IOXMR�GHO�DJXD�HQ�HO�VXHOR�D�XQ�UpJLPHQ�HVSHFtILFR��

�)LJXUD����Patrón de acumulación de sales para varios sistemas de riego 
�

$�FRQWLQXDFLyQ�YDPRV�D�H[DPLQDU�HO�IOXMR�GHO�DJXD�D�WUDYpV�GH�
XQD� FROXPQD� GH� VXHOR� XQLIRUPH� \� EDMR� FRQGLFLRQHV� GH�
VDWXUDFLyQ� �)LJXUD� ���� %DMR� HVWDV� FRQGLFLRQHV� OD� HFXDFLyQ�
EiVLFD�GHO�IOXMR�GHO�DJXD�YLHQH�GDGD�SRU�OD�OH\�GH�'DUF\�SDUD�
FRQGLFLRQHV� GH� VWHDG\� VWDWH� �IOXMR� SHUPDQHQWH�� \� HQ� OD�
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GLUHFFLyQ� YHUWLFDO� �HIHFWR� GH� OD� DFFLyQ� GH� OD� JUDYHGDG�� ±�
XQLGLPHQVLRQDO��
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'RQGH�� T� HV� OD� GHVFDUJD� HVSHFtILFD� �YROXPHQ� GH� DJXD� TXH�
DWUDYLHVD�HO�VXHOR�SRU�XQLGDG�GH�iUHD�\�SRU�XQLGDG�GH�WLHPSR��
\� HV� GHQRPLQDGR� FRPR� IOXMR� GH� DJXD�� VXV� XQLGDGHV� VRQ� GH�
YHORFLGDG��FP�K���.�HV�XQ�FRHILFLHQWH�GH�SURSRUFLRQDOLGDG�\�HV�
PX\�GHSHQGLHQWH�GHO�FRQWHQLGR�GH�DJXD�SDUD�XQ�PLVPR�VXHOR�
�VL�ELHQ�HQ�HVWH�FDVR�VH�WUDWD�GH�FRQGLFLRQHV�GH�VDWXUDFLyQ���.�
WLHQH�GLPHQVLRQHV�GH� IOXMR��'<+� HV� OD�GLIHUHQFLD�GH�SRWHQFLDO�
KLGUiXOLFR�HQWUH�ORV���SXQWRV�HQ�ORV�TXH�VH�HVWXGLD�HO�IOXMR��FP��
\�'=�HV�OD�GLVWDQFLD�HQWUH�ORV���SXQWRV��FP����
(O� VLJQR� ±� VH� XVD� SDUD� LQGLFDU� TXH� HO� IOXMR� WLHQH� OXJDU� HQ� HO�
VHQWLGR� GHFUHFLHQWH� GH� SRWHQFLDO� KLGUiXOLFR�� GH� PRGR� TXH�
FXDQGR� q� VHD� �� TXHUUi� GHFLU� TXH� HO� IOXMR� WLHQH� OXJDU� HQ� OD�
GLUHFFLyQ�GH�DXPHQWR�GH�=��HV�GHFLU��DVFHQGHQWH���
3DUD�PHGLU� OD� FRQGXFWLYLGDG�KLGUiXOLFD� HQ� VDWXUDFLyQ�'DUF\�
UHDOL]y�XQ�H[SHULPHQWR�VLPLODU�DO�TXH�VH�LOXVWUD�HQ�OD�ILJXUD����
\� TXH� D� WtWXOR� GH� HMHPSOR� VH� SURSRUFLRQDQ� ORV� GDWRV�
H[SHULPHQWDOHV�QHFHVDULRV�SDUD�OD�GHWHUPLQDFLyQ�GH�.��
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)LJXUD����flujo de agua a través de una columna 
de suelo uniforme y bajo condiciones de 
saturación�
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),Ohmio(eléctricaaresistenci
(V) eléctrico potencial de diferencia

 (A) eléctrica corriente de d)(intensida Flujo
Ω

=

�
/D� GLUHFFLyQ� GHO� IOXMR� HVWi� GHWHUPLQDGD� SRU� HO� JUDGLHQWH�
KLGUiXOLFR� �'<+�'=��� 'H� PRGR� TXH� VL� HO� JUDGLHQWH� HV� ����� q�
VHUi�����>IOXMR�GHVFHQGHQWH@�\�VL�'<+�'=�HV������q�VHUi�����>IOXMR�
DVFHQGHQWH@�� 6L� QR� H[LVWH� IOXMR� HO� JUDGLHQWH� KLGUiXOLFR� VHUi�
FHUR��OR�TXH�LPSOLFD�TXH�<+�VHUi�LGpQWLFR�HQ�FDGD�SXQWR��
�
�����)OXMR�GH�DJXD�HQ�VXHORV�QR�VDWXUDGRV�
(Q� FRQGLFLRQHV� GH� FDPSR� HO� IOXMR� HV�� JHQHUDOPHQWH�� PiV�
FRPSOLFDGR� GHELGR� D� OD� SURSLD� QDWXUDOH]D� GLQiPLFD� GHO�
VLVWHPD��$Vt�\�GHQWUR�GH�XQ�PLVPR�SHUILO�GH� VXHOR� VH�SXHGHQ�
GDU� VLWXDFLRQHV�HQ� ODV�TXH�HO�DJXD� IOX\H�KDFtD�DUULED�\�KDFtD�
DEDMR�� (VWDV� VLWXDFLRQHV� VRQ�PX\� IUHFXHQWHV� WUDV� XQ� ULHJR� R�
OOXYLD� LQVXILFLHQWH� SDUD� KXPHGHFHU� FRPSOHWDPHQWH� HO� SHUILO�
GHO� VXHOR�� VLWXDFLRQHV� TXH� VH� FRPSOLFDQ� D~Q� PiV� FXDQGR�
LQWHUYLHQH�OD�H[WUDFFLyQ�UDGLFXODU���
(Q�OD�ILJXUD���VH�PXHVWUD�HO�SHUILO�KtGULFR�GH�XQ�VXHOR�WUDV�OD�
VHFXHQFLD�GH� ORV� VLJXLHQWHV�KHFKRV�� HO� VXHOR� LQLFLDOPHQWH� VHFR�
UHFLELy� XQD� OOXYLD� TXH� KXPHGHFLy� HO� VXHOR� KDVWD� XQD�
GHWHUPLQDGD� SURIXQGLGDG�� 7UDV� XQRV� GtDV� VROHDGRV� OD�
VXSHUILFLH� GHO� VXHOR� SHUGLy� KXPHGDG�� PRYLpQGRVH� HO� DJXD�
KDFtD� DUULED� HQ� UHVSXHVWD� D� OD� HYDSRUDFLyQ�� 6LQ� HPEDUJR�� D�
PD\RUHV�SURIXQGLGDGHV�HO�DJXD�VH�PRYtD�KDFtD�DEDMR��\D�TXH�
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ODV�OOXYLDV�IXHURQ�LQVXILFLHQWHV�SDUD�KXPHGHFHU�ODV�FDSDV�PiV�
SURIXQGDV��
�

�
)LJXUD� ���Valores de Ψz = Ψg, Ψp = Ψh y Ψh = ΨH en el perfil de 0 a -70 cm de 
profundidad. Los valores de Ψm fueron estimados. 

 
/D� ILJXUD� �� QRV� SHUPLWH� GHWHUPLQDU� ∆Ψ+�∆=� \� FRPSUREDU�
FRPR� HQ� OD� ]RQD� $� pVWH� HV� QHJDWLYR�� OR� TXH� LPSOLFD� IOXMR�
DVFHQGHQWH��(Q�OD�]RQD�%� ∆Ψ+�∆=�HV�FHUR��SRU�OR�TXH�QR�H[LVWH�
IOXMR��SODQR�GH�IOXMR�QXOR���\�HQ�OD�]RQD�&��∆Ψ+�∆=�HV�SRVLWLYR�
\�HQ�FRQVHFXHQFLD�IOXMR�GHVFHQGHQWH��
(O�HMHPSOR�DQWHULRU�LQGLFD�WDQ�VyOR�OD�GLUHFFLyQ�GH�IOXMR��SHUR�
QR� OD� FDQWLGDG� GH� IOXMR�� 3DUD� GHWHUPLQDU� pVWD� ~OWLPD� \� GH�
DFXHUGR� FRQ� OD� OH\� GH� 'DUF\� VHUi� QHFHVDULR� UHDOL]DU� HO�
SURGXFWR� GHO� JUDGLHQWH� KLGUiXOLFR� SRU� OD� FRQGXFWLYLGDG�
KLGUiXOLFD� �.��� &RPR� .� HV� DOWDPHQWH� GHSHQGLHQWH� GHO�
FRQWHQLGR�GH� DJXD�GHO� VXHOR�� HV� QHFHVDULR� FRQRFHU� OD� IXQFLyQ�
.�T��� (Q� OD� WDEOD� �� VH� SXHGH� REVHUYDU� TXH� SDUD� HO� FDVR� GHO�
VXHOR� IUDQFR�OLPRVR�0LOOYLOOH��.� D� FDSDFLGDG�GH� FDPSR� �TY�  �
������ HV�����YHFHV�PD\RU�TXH� OD�FRUUHVSRQGLHQWH�DO�SXQWR�GH�
PDUFKLWH]��TY� ��������\�TXH�.�D�VDWXUDFLyQ�HV�����YHFHV�PD\RU�
TXH� OD� FRUUHVSRQGLHQWH� D� FDSDFLGDG� GH� FDPSR�� (VWRV� GDWRV�
PXHVWUDQ� OD� UHGXFFLyQ� WDQ� LPSRUWDQWH� TXH� H[SHULPHQWD� .�
FXDQGR�HO�VXHOR�VH�YD�VHFDQGR��
/RV� GDWRV� GH� .� UHFRJLGRV� HQ� OD� WDEOD� �� MXQWR� FRQ� ORV� GH� OD�
ILJXUD���QRV�SHUPLWHQ�LOXVWUDU�HO�SURFHGLPLHQWR�GH�FiOFXOR�GHO�
IOXMR�GH�DJXD��T���$Vt��VL�FRQVLGHUDPRV�OD�VLWXDFLyQ�UHJLVWUDGD�
HQWUH�ORV����\����FP�GH�SURIXQGLGDG��)LJXUD����VH�WLHQH�TXH�HO�

(VWLPDGR�
3RWHQFLDO��<���FP�
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YDORU�GH�<P�HVWi�HQWUH������\�����FP��������\�������EDU��D�ORV�
TXH� FRUUHVSRQGH� XQ� YDORU� GH�.� HQWUH� ���� [� ����� \� ���� [� �����
FP�K��7DEOD�����VLHQGR�HO�YDORU�SURPHGLR�GH�����[������FP�K��6L�
DSOLFDPRV� HVWRV� YDORUHV� D� OD� IRUPXOD�GH�'DUF\� VH�REWLHQH�XQ�
IOXMR�GH��
�

h/cm109,8
10

)100(
109,8

(-30)-20-
30)-(-70-20-180-

cm/h 10 x 8,9q 233- −− ×=
+
−×==

&RPR�T�HV�SRVLWLYR�HO�IOXMR�HV�DVFHQGHQWH��
�
7DEOD� ��� Potencial matricial, Ψm, y conductividad hidráulica, K, en función del 
contenido volumétrico de humedad para dos suelos de clase textural diferente. 
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�����(FXDFLyQ�GH�5LFKDUGV�
/D� OH\� GH� 'DUF\� SDUD� UpJLPHQ� SHUPDQHQWH� QR� HV� VXILFLHQWH�
SDUD�GHVFULELU�PXFKDV�GH� ODV�VLWXDFLRQHV�TXH�IUHFXHQWHPHQWH�
RFXUUHQ� EDMR� FRQGLFLRQHV� GH� FDPSR�� /RV� FiOFXORV�
DQWHULRUPHQWH�UHDOL]DGRV�VRQ�YiOLGRV�SDUD�XQ�FRUWR�SHUtRGR�GH�
WLHPSR��\D�TXH�HO�IOXMR�GH�DJXD�HQ�HO�VXHOR�RULJLQD�FDPELRV�GH�
FRQWHQLGR�GH�KXPHGDG�\�SRU�WDQWR�WDPELpQ�GH�.�\�'<+��\�VL�D�
HOOR�VH�XQHQ�ODV�H[WUDFFLRQHV�GH�DJXD�SRU�ODV�SODQWDV�OD�OH\�GH�
'DUF\�UHVXOWD�WDQWR�PiV�OLPLWDGD���
3DUD�FRQWHPSODU�OD�QDWXUDOH]D�GLQiPLFD�GHO�IOXMR�GH�DJXD�HQ�
HO� VXHOR� VH� UHTXLHUH� XQD� HFXDFLyQ�PiV� FRPSOLFDGD�� TXH� SDUD�
XQD�~QLFD�GLPHQVLyQ�VHUtD��

RXT)
z

K(
tt

Hv +
∂
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∂
∂=

∂
θ∂

�
'RQGH�5;7� HV� HO� WpUPLQR� TXH� WLHQH� HQ� FXHQWD� OD� H[WUDFFLyQ�
UDGLFDO�� (VWD� HFXDFLyQ� VLQ� HO� WpUPLQR� GH� H[WUDFFLyQ� GH� DJXD�
SRU�ODV�UDtFHV�HV�GHQRPLQDGD�HFXDFLyQ�GH�5LFKDUGV��
'H� IRUPD� VHQFLOOD�� HVWD� HFXDFLyQ� LQGLFD� TXH� HO� FDPELR� GH�
FRQWHQLGR�GH�KXPHGDG�TXH�H[SHULPHQWD�XQ�SHTXHxR�YROXPHQ�
GH� VXHOR� HQ� XQ� FRUWR� LQWHUYDOR� GH� WLHPSR� 







∂
θ∂
t
v � HV� LJXDO� D� OD�

GLIHUHQFLD�HQWUH�HO�IOXMR�GH�DJXD�HQWUDQWH�\�HO�VDOLHQWH�GH�HVWH�
YROXPHQ�GH�VXHOR� 





∂
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∂
∂

z
K

t
H ��PiV�OD�H[WUDFFLyQ�UDGLFXODU��

�����,QILOWUDFLyQ�\�UHGLVWULEXFLyQ�
'RV� SURFHVRV� UHOHYDQWHV� SDUD� HO� PDQHMR� GHO� ULHJR� \�
UHODFLRQDGRV�FRQ�HO�IOXMR�GH�DJXD�HQ�HO�VXHOR�VRQ�OD�LQILOWUDFLyQ�
\� OD� UHGLVWULEXFLyQ�� DGHPiV� GH� OD� H[WUDFFLyQ� UDGLFXODU�� /D�
ILJXUD� ��PXHVWUD� ORV� SHUILOHV� KtGULFRV� GXUDQWH� OD� LQILOWUDFLyQ�
�LQILOWUDFLyQ�� SURFHVR�PHGLDQWH� HO� FXDO� HO� DJXD� SHQHWUD� HQ� HO�
VXHOR�FXDQGR�pVWD�HQWUD�HQ�FRQWDFWR�FRQ�VX�VXSHUILFLH��ELHQ�SRU�
OD�SUiFWLFD�GHO�ULHJR�R�SRU�OD�RFXUUHQFLD�GH�OOXYLDV��\�PXHVWUD�
HO�DYDQFH�GHO�IUHQWH�K~PHGR�HQ�HO�LQWHULRU�GHO�VXHOR��(O�VLVWHPD�
UHSUHVHQWDGR�FRUUHVSRQGH�D�XQ�WLHPSR�GH�DSOLFDFLyQ�GH�DJXD�
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GH� ��� KRUDV�� PHGLDQWH� ULHJR� SRU� DVSHUVLyQ� \� D� XQD�
SOXYLRPHWUtD�FRQVWDQWH�GH�����FP�K�HQ�XQ�VXHOR�IUDQFR�OLPRVR��

�
)LJXUD��� Perfiles hídricos durante la infiltración 

$O�ILQDOL]DU�OD�LQILOWUDFLyQ�HO�PRYLPLHQWR�GHO�DJXD�HQ�HO�VXHOR�
QR� FHVD� VLQR� TXH� VLJXH� HQ� IXQFLyQ� GH� ORV� JUDGLHQWHV� GH�
SRWHQFLDO� KLGUiXOLFR�� /D� ILJXUD� �� DFODUD� HVWH� SURFHVR� DO�
VLPXODU� VX� FRPLHQ]R� FRQ� HO� ILQDO� GHO� SURFHVR� GH� LQILOWUDFLyQ�
PRVWUDGR�HQ�OD�ILJXUD����'XUDQWH�HO�SURFHVR�GH�UHGLVWULEXFLyQ��
ODV� FDSDV� PiV� VXSHUILFLDOHV�� LQLFLDOPHQWH� PiV� K~PHGDV��
SLHUGHQ�DJXD�PLHQWUDV�TXH�RWUDV�PiV�SURIXQGDV�DXPHQWDQ�VX�
FRQWHQLGR�GH�KXPHGDG��/R�DQWHULRUPHQWH�H[SXHVWR�HYLGHQFLD�
OD� FRPSOHMLGDG� GH� FDUDFWHUL]DU� HO� IOXMR� GH� DJXD� HQ� HO� VXHOR�
GXUDQWH�XQ�FLFOR�GH�ULHJR��\�OD�QHFHVLGDG�GH�WHQHU�HQ�FXHQWD�OD�
UHGLVWULEXFLyQ�GHO�DJXD��HQ�FDGD�VLWXDFLyQ�SDUWLFXODU�GH�VXHOR�
\�SODQWD��GH�FDUD�DMXVWDU� ODV�GRVLV�GH�ULHJR�HQ�SUR�GH�XQ�XVR�
HILFLHQWH�GHO�UHFXUVR�DJXD���
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�
)LJXUD���� Perfiles hídricos durante la distribución y extracción radical. 


