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������ ,QWURGXFFLyQ� ����� &RQFHSWR� GH� SRWHQFLDO� GH� DJXD�� �����
8QLGDGHV� GHO� SRWHQFLDO� GHO� DJXD�� ����� &RPSRQHQWHV� GHO�
SRWHQFLDO� WRWDO� GHO� DJXD�� ����� &XUYDV� FDUDFWHUtVWLFDV� GH�
KXPHGDG�������(MHUFLFLRV��
�
����� ,QWURGXFFLyQ�
�
(O�FRQWHQLGR�GH�DJXD�GHO�VXHOR�VH�H[SUHVD��JHQHUDOPHQWH��FRPR�
SRUFHQWDMH�GH�SHVR�VHFR��TJ��R�GH�YROXPHQ�DSDUHQWH��TY���(VWD�
VHJXQGD� IRUPD� GH� UHIOHMDUOR� VXHOH� VHU� PiV� LQWXLWLYD�� \� SRU�
WDQWR�� UHVXOWD�� FRPSDUDWLYDPHQWH�� PiV� UHYHODGRUD� GH� OD�
GLVSRQLELOLGDG� GH� DJXD� SDUD� ODV� SODQWDV�� 6LQ� HPEDUJR�� XQ�
FRQWHQLGR�GH�KXPHGDG�HQ�SRUFHQWDMH�GLFH�SRFR�D�FHUFD�GH� OD�
FDQWLGDG� GH� DJXD� ~WLO� GHO� VXHOR� SDUD� HO� FXOWLYR�� \D� TXH� XQ�
PLVPR� FRQWHQLGR� GH� KXPHGDG� SXHGH� FRUUHVSRQGHU� D�
FRQGLFLRQHV�GH�VDWXUDFLyQ�HQ�XQ�VXHOR�\�DO�SXQWR�GH�PDUFKLWH]�
HQ�RWUR��3RU� HOOR�� \�GHVGH� HO� SXQWR�GH�YLVWD�GH� OD�SURGXFFLyQ�
DJUtFROD�SXHGH� VHU�PiV� LQWHUHVDQWH�FRQRFHU� OD�HQHUJtD�FRQ� OD�
TXH� HO� DJXD� HV� UHWHQLGD� TXH� HO� FRQWHQLGR� GH� OD� PLVPD� HQ� HO�
WHUUHQR��
�
�����&RQFHSWR�GH�SRWHQFLDO�GH�DJXD 
 
(O� SRWHQFLDO� GHO� DJXD� VH� UHILHUH� D� VX� HVWDGR� HQHUJpWLFR�� +D\�
YDULDV�IXHU]DV�TXH�DFW~DQ�VREUH�HO�DJXD�HQ�HO�VXHOR�\�TXH�SRU�
OR� WDQWR� DIHFWDQ� D� VX� SRWHQFLDO�� (QWUH� HOODV� ODV� PiV�
LPSRUWDQWHV�VRQ��D��ODV�IXHU]DV�GHULYDGDV�GH�OD�LQWHUDFFLyQ�GHO�
DJXD� FRQ� ODV� SDUWtFXODV� VyOLGDV� E�� ODV� IXHU]DV� GH� LQWHUDFFLyQ�
DJXD�PROpFXODV� HQ� VROXFLyQ� F�� ODV� IXHU]DV� GHO� FDPSR�
JUDYLWDWRULR��([FHSWR�HQ�VXHORV�PX\�K~PHGRV�R�VDOLQRV��ODV�GH�
PD\RU�LQWHUpV�VRQ�ODV�GH�LQWHUDFFLyQ�FRQ�ORV�VyOLGRV�GHO�VXHOR��
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�
6H� SXHGH� GHILQLU� DO� SRWHQFLDO� GHO� DJXD� FRPR�¶� DTXHOOD�
FDSDFLGDG� GH� KDFHU� WUDEDMR� SRU� XQLGDG� GH� PDVD�� HQ�
UHODFLyQ�FRQ�HO�DJXD�OLEUH��VLQ�VROXWRV�\�D�XQD�DOWXUD�GH�
FHUR�VREUH�OD�VXSHUILFLH�GHO�VXHOR¶��
�
'H�DFXHUGR�FRQ�OR�DQWHULRU�HO�SRWHQFLDO�WRWDO�GHO�DJXD�VH�SXHGH�
H[SUHVDU�FRPR�OD�VXPD�GH�YDULRV�FRPSRQHQWHV��
 

<W� �<J���<S��<R�
 

'RQGH��<�VH�UHIHULHUH�D�VX�SRWHQFLDO�\�ORV�VXEtQGLFHV�W��J��S�\�R�
LQGLFDQ�� WRWDO�� JUDYLWDWRULR�� SUHVLyQ� \� RVPyWLFR��
UHVSHFWLYDPHQWH��
�
�����8QLGDGHV�GHO�SRWHQFLDO�GHO�DJXD�  
�
6HJ~Q� OD� GHILQLFLyQ� GH� SRWHQFLDO� ODV� XQLGDGHV� VRQ�
HQHUJtD�PDVD�� HV� GHFLU�� HQ� HO� 6LVWHPD� ,QWHUQDFLRQDO� VHUtD�
-XOLRV�NJ��6LQ�HPEDUJR��GHELGR�D�TXH�OD�GHQVLGDG�GHO�DJXD�HV�
OD� XQLGDG�� HV� PiV� FRUULHQWH� HPSOHDU� ODV� XQLGDGHV� GH�
HQHUJtD�YROXPHQ��TXH�QXPpULFDPHQWH�VRQ�ODV�PLVPDV�TXH�ODV�
DQWHULRUHV� �H[FHSWR� HO� IDFWRU� ����� \D� TXH� �P�� |� ���� NJ��� /D�
YHQWDMD�GH�RSHUDU�FRQ�-XOLRV�P���{���1HZWRQ�P��{���3DVFDO���
HV�TXH�VRQ�XQLGDGHV�GH�SUHVLyQ��TXH�FRQFHSWXDOPHQWH�VRQ�PiV�
FyPRGDV�GH�HPSOHDU��
�
2WUDV� YHFHV� VH� HPSOHDQ� ODV� XQLGDGHV� GH� HQHUJtD�SHVR� TXH�
HTXLYDOH�D�XQD�ORQJLWXG��DOWXUD�GH�XQD�FROXPQD�GH�DJXD���(Q�
HVWDV�XQLGDGHV�VH�WLHQH�TXH���EDU�|����P�F�D�|����FP�+J�
�
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������&RPSRQHQWHV�GHO�SRWHQFLDO�WRWDO�GHO�DJXD�
 
3RWHQFLDO� JUDYLWDWRULR�� (V� HO� GHULYDGR� GH� OD� IXHU]D� TXH� OD�
JUDYHGDG�HMHUFH�VREUH�HO�DJXD��3RU�OR�WDQWR��OD�DOWXUD�D�TXH�VH�
HQFXHQWUH� HO� DJXD� DIHFWD� D� VX� HQHUJtD�� /D� HQHUJtD� SRWHQFLDO�
JUDYLWDWRULD�GH�XQD�PDVD�P�D�XQD�DOWXUD�K��VREUH�HO�QLYHO�GH�
UHIHUHQFLD��HV���

(� ��P�J�K� ��U�9�J�K�
�

'RQGH��9� HV� HO� YROXPHQ� \�J� HV� OD� DFHOHUDFLyQ�GHELGD� D� OD�
JUDYHGDG��$Vt�SXHV�HO�SRWHQFLDO�VHUi��
�
<J�� �(�P� ��JK��VL�VH�H[SUHVD�FRPR�HQHUJtD�SRU�XQLGDG�GH�
PDVD��
<J�  �(�9� � �U� J� K� � �J� K�� VL� VH� H[SUHVD� FRPR� HQHUJtD�SRU�
XQLGDG�GH�YROXPHQ��
�
<J� �(�PJ� � �K�VL� VH�H[SUHVD�FRPR�HQHUJtD�SRU�XQLGDG�GH�
SHVR��
�

3RWHQFLDO� GH� SUHVLyQ�� (Q� HO� FDVR� PDV� IUHFXHQWH� GH� VXHOR� QR�
VDWXUDGR�HVWH�SRWHQFLDO�HV�GHELGR�D�ODV�IXHU]DV�GH�DGKHVLyQ�GH�
ODV�PROpFXODV�GH�DJXD�D�ODV�SDUWtFXODV�VyOLGDV�GHO�VXHOR�\�D�ODV�
IXHU]DV� GH� FRKHVLyQ� HQWUH� ODV� PROpFXODV� GH� DJXD�� &XDQGR� HO�
VXHOR� VH� HQFXHQWUD� QR� VDWXUDGR�� HO� DJXD� HVWi� EDMR� WHQVLyQ� �R�
SUHVLyQ�QHJDWLYD���&RPR�VH�KD�GLFKR��VL�HO�VXHOR�HVWi�VDWXUDGR��
HQWRQFHV�HO�DJXD�HQ�FDGD�SXQWR�WLHQH�XQD�SUHVLyQ�TXH�GHSHQGH�
GH� OD� FROXPQD� GH� DJXD� TXH� VRSRUWH�� (Q� DPERV� FDVRV�� OD�
PDQHUD� PiV� FRUULHQWH� GH� H[SUHVDU� HVWH� SRWHQFLDO� HV� HQ�
XQLGDGHV� GH� SUHVLyQ� R� DOWXUD� GH� DJXD��/D� ILJXUD��� VLPXOD� OD�
SUHVLyQ� H[LVWHQWH� HQ� XQ� VXHOR� SRU� HQFLPD� \� SRU� GHEDMR� GHO�
QLYHO�IUHiWLFR��
�
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�
)LJXUD� ��� 3UHVLRQHV� VXSHULRUHV� H� LQIHULRUHV� D� OD� DWPRVIpULFD� SRU�
HQFLPD�\�SRU�GHEDMR�GH�OD�VXSHUILFLH�OLEUH�GHO�OtTXLGR�
�
/D� WHQVLyQ� PiWULFD� HQ� HO� VXHOR� QR� VDWXUDGR� HV� GHELGD� D� OD�
FDSLODULGDG�\�OD�DGVRUFLyQ�GHO�DJXD�D�ODV�SDUWtFXODV�VyOLGDV��(Q�
OD� ILJXUD���VH�SUHVHQWD�XQ�HVTXHPD�HQ�HO�TXH�VH�DSUHFLDQ� ORV�
GRV�HIHFWRV��

�

�
�
�
�
�
�
�
�
)LJXUD� ��� $JXD� HQ� VXHOR� QR�
VDWXUDGR� VXMHWD� D� DGVRUFLyQ� \�
FDSLODULGDG�� /D� FRPELQDFLyQ� GH�
DPERV�GD�OXJDU�D�OD�WHQVLyQ�PiWULFD�

�
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/D� WHQVLyQ� TXH� H[LVWH� HQ� HO� DJXD� FRPR� FRQVHFXHQFLD� GH� OD�
IRUPDFLyQ�GH�XQD�VXSHUILFLH�FyQFDYD�GH�UDGLR�GH�FXUYDWXUD�U��
FXDQGR�HO�DJXD�VH�HQFXHQWUD�HQ�XQ�SRUR�FLOtQGULFR�YLHQH�GDGD�
SRU��

�
'3� ��V�FRV�D�U�

�
'RQGH�'3� VLJQLILFD� OD� GLIHUHQFLD� GH� SUHVLyQ� HQWUH� HO� DLUH� HQ�
FRQWDFWR� FRQ� OD� VXSHUILFLH� GHO� VyOLGR�� VL� HO� DJXD� PRMD�
SHUIHFWDPHQWH�HO�VyOLGR�D� ���
�

)LJXUD�����5HSUHVHQWDFLyQ�GH�ODV�IXHU]DV�DFWXDQWHV�TXH�GHWHUPLQDQ�HO�DVFHQVR�FDSLODU�
HQ�XQ�SRUR�FLOtQGULFR��
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3RWHQFLDO� RVPyWLFR�� (VWD� FRPSRQHQWH� HV� GHELGD� DO� HIHFWR� TXH�
ORV�VROXWRV�WLHQHQ�VREUH�OD�HQHUJtD�GH�ODV�PROpFXODV�GH�DJXD��OR�
TXH�VXSRQH�XQD�GLVPLQXFLyQ�GH�OD�HQHUJtD�SRWHQFLDO�GHO�DJXD�
HQ� VROXFLyQ� UHVSHFWR� DO� DJXD� SXUD�� ([SUHVDGR� FRPR� HQHUJtD�
SRU�XQLGDG�GH�YROXPHQ��HO�SRWHQFLDO�RVPyWLFR�YLHQH�GDGR�SRU��
�

<R��DWP�� ��057�
�
'RQGH� <R� HV� HO� SRWHQFLDO� RVPyWLFR� HQ� DWPyVIHUDV�� 0� OD�
PRODOLGDG�GH�OD�VROXFLyQ��PROHV�GH�VROXWR�NJ�GLVROYHQWH���5�OD�
FRQVWDQWH� XQLYHUVDO� GH� ORV� JDVHV� HQ� ODV� XQLGDGHV� DSURSLDGDV�
�������DWP�/�.�PRO��\�7�OD�WHPSHUDWXUD�DEVROXWD�HQ�.��
�
(Q� OD� ILJXUD� �� VH� LOXVWUD� HO� HIHFWR� GH� ORV� VROXWRV� VREUH� OD�
HQHUJtD� GHO� DJXD� D� WUDYpV� GHO� FRQFHSWR� yVPRVLV�� /D� SUHVLyQ�
GHVDUUROODGD�SRU� HO� HIHFWR� yVPRVLV�KDFH�TXH� VH� HVWDEOH]FD�XQ�
HTXLOLEULR�HQHUJpWLFR�HQWUH�DPEDV�VROXFLRQHV��GH�PRGR�TXH�OD�
GLIHUHQFLD�GH�SUHVLyQ�HQWUH�DPERV�QLYHOHV�VH�GHQRPLQD�SUHVLyQ�
RVPyWLFD�� /D� SUHVLyQ� RVPyWLFD� HV� OD� SUHVLyQ� TXH� GHEH� VHU�
DSOLFDGD�D�OD�VROXFLyQ�SDUD�FRPSHQVDU�OD�yVPRVLV�
�
�

�
)LJXUD�����5HSUHVHQWDFLyQ�GHO�HIHFWR�yVPRVLV���
�

(Q� HO� VXHOR� HV� GH� XVR� IUHFXHQWH� HO� OODPDGR� SRWHQFLDO�
KLGUiXOLFR��<+��TXH�VH�GHILQH�FRPR�OD�VXPD�GHO�SRWHQFLDO�GH�
SUHVLyQ�\�GHO�JUDYLWDWRULR��

 

membrana 

Agua pura 

Presión osmótica 

Solución 

Dos soluciones de diferentes concentraciones separadas mediante una 
membrana semipermeable (pasa disolvente pero no los solutos). 



 

 6 

<+� �<S��<J�
�

(O� DJXD� VH� GHVSOD]D� HVSRQWiQHDPHQWH� GH� SXQWRV� GH� PD\RU�
HQHUJtD�D�ORV�GH�PHQRU�HQHUJtD��QR�REVWDQWH�ORV�FRPSRQHQWHV�D�
WHQHU�HQ�FXHQWD�VRQ�VyOR�HO�<S�\�HO�<J��(VWR�HV�GHELGR�D�TXH�HO�
<R� VyOR� DIHFWD� DO� PRYLPLHQWR� GHO� DJXD� FXDQGR� KD\� XQD�
EDUUHUD� VHPLSHUPHDEOH�� WDO� HV� HO� FDVR� GH� ODV� PHPEUDQDV�
FHOXODUHV�HQ�ODV�SODQWDV��

�
<RH��DWP� �������&(H��G6�P��

�
������&XUYDV�FDUDFWHUtVWLFDV�GH�KXPHGDG�
��
6H�GHQRPLQDQ�DVt�D�ODV�FXUYDV�TXH�UHODFLRQDQ�HO�FRQWHQLGR�GH�
DJXD� FRQ� HO�<S�� (Q� JHQHUDO�� HVWDV� FXUYDV� VH� REWLHQHQ� HQ� HO�
ODERUDWRULR� XWLOL]DQGR� PXHVWUDV� LQDOWHUDGDV� GH� VXHOR� \� XQ�
HTXLSR�GH�SODFDV�GH�SUHVLyQ��FiPDUD�GH�SUHVLyQ�GH�5LFKDUGV��
�
(Q� ODV� ILJXUDV� �� \� �� VH� SUHVHQWDQ� FXUYDV� GH� HVWH� WLSR� SDUD�
GLYHUVRV�FDVRV��OD�WHQVLyQ�R�VXFFLyQ�GHO�DJXD�HV�LJXDO�D��<S���
�
(O�FRQWHQLGR�GH�DJXD�GH�XQ�VXHOR�D�EDMDV�VXFFLRQHV�HV�IXQFLyQ��
SULQFLSDOPHQWH�� GH� VX� HVWUXFWXUD�� PLHQWUDV� TXH� D� DOWDV�
WHQVLRQHV�HO�IDFWRU�GHWHUPLQDQWH�HV�OD�WH[WXUD��(VWR�HV�GHELGR�D�
TXH� OD�HVWUXFWXUD�GHWHUPLQD� OD�SURSRUFLyQ�GH�SRURV�JUDQGHV��
PLHQWUDV� TXH� OD� WH[WXUD� GHWHUPLQD� OD� SURSRUFLyQ� GH� SRURV�
SHTXHxRV��
�
8Q�IHQyPHQR�TXH�KDFH�QR�XQtYRFD�OD�UHODFLyQ�HQWUH�FRQWHQLGR�
GH�DJXD�\�VX�WHQVLyQ�HV�OD�KLVWpUHVLV��)LJXUD�����HV�GHFLU��D�XQ�
PLVPR�SRWHQFLDO�OH�FRUUHVSRQGHQ�GRV�FRQWHQLGRV�GH�KXPHGDG��
VHJ~Q�VH�FRQVLGHUH�TXH�VH�KD�OOHJDGR�D�HVH�FRQWHQLGR�GH�DJXD�D�
WUDYpV� GH� XQ� SURFHVR� GH� SpUGLGD� GH� DJXD� �GHVHFDFLyQ�� R� GH�
DEVRUFLyQ� �KXPHFWDFLyQ���(VWH� KHFKR� REOLJD� D� TXH� FXDQGR� VH�
QHFHVLWH� FRQRFHU� FRQ� H[DFWLWXG� HO� FRQWHQLGR� GH� DJXD� GH� XQ�
VXHOR�R�VX�SRWHQFLDO�KD\D�TXH�UHFXUULU�D�VX�PHGLGD�GLUHFWD��
�
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�

�
�

)LJXUD�����(IHFWR�GH�OD�WH[WXUD�HQ�OD�UHWHQFLyQ�GHO�DJXD�SRU�HO�VXHOR�

)LJXUD��� (IHFWR�GH�OD�HVWUXFWXUD�HQ�OD�UHWHQFLyQ�GHO�DJXD�SRU�HO�VXHOR�
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�

�
 

�����(MHUFLFLRV�
�
¿Qué succión o tensión tendría el agua de un suelo en la que los poros más 
grandes que están sin vaciar de agua tienen un diámetro de 2 x 10-4 cm? 
Suponer un ángulo de contacto de cero y poros cilindricos. Tensión 
superficial del agua a 20ºC = 7.28 x 10-2 Nm-1.Sol. 1,46 bar 
 
El rango de potencial de agua demas interés agrícola es de 0.1 a 15 bares. 
Calcular el radio de curvatura de los meniscos de agua en el suelo para 
estos dos potenciales suponiendo que el ángulo de contacto es cero. Sol. A) 
14.16 µm. b) 0.097 µm. 

)LJXUD�����5HSUHVHQWDFLyQ�GHO�IHQyPHQR�GH�KLVWpUHVLV�
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En un suelo cuya agua está en equilibrio ( No existe flujo) con una capa 
freática a 70 cm de profundidad. Calcular Ψg, Ψp y ΨH; en centibares a las 
profundidades de: 0, 30, 70 y 100 cm . Tómese la superficie del suelo como 
nivel de referencia (z = 0) 
 
 

Profundidad Ψp Ψg ΨH 
cm  (Centibares)  

0    
-30    
-70    
-100    

 
Un suelo presenta la capa freática a 80 cm de profundidad. No se produce 
flujo en ningún sentido (potencial hidráulico cte, agua en equilibrio). 
Calcúlese Ψg, Ψm, Ψh y ΨH a las profundidades de 0, 30, 60, 80, 110 y 
150 cm, sin tener en cuenta el Ψo, en centibares. Tomese la superficie del 
suelo como nivel de referencia. 
 

Profundidad 
(cm) 

Ψm Ψh 

 

Ψg 

       centibares 

ΨH 

0     
30     
60     
80     
110     
150     

 


