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1(&(6,'$'(6�+Ë'5,&$6�'(�/26�&8/7,926�%$-2�5,(*2�325�*27(2�������� ,QWURGXFFLyQ�� ������ (YDSRWUDQVSLUDFLyQ� EDMR� ULHJR� SRU�JRWHR�������0pWRGRV�GH�HVWLPD�R�PHGLGD�GH�ODV�QHFHVLGDGHV�KtGULFDV�� ������ 0HGLGD� GHO� tQGLFH� GH� FREHUWXUD� GHO� VXHOR� R�VXHOR�VRPEUHDGR�SRU�ORV�FXOWLYRV��������&iOFXOR�GHO�IDFWRU�GH�FRUUHFFLyQ��.U��GH�ODV�QHFHVLGDGHV�KtGULFDV��
����,QWURGXFFLyQ��
(Q�HO� ULHJR�SRU�JRWHR�HO�DJXD�VH�GLVWULEX\H�HQ� OD�SDUFHOD�D� WUDYpV�GH�WXEHUtDV�GH�SHTXHxR�GLiPHWUR�����������PP��\�VH�DSOLFD�HQ�HO�WHUUHQR�HQ� OXJDUHV� HVSHFtILFRV� D� WUDYpV� GH� XQRV� SXQWRV� GH� HPLVLyQ� OODPDGRV�JRWHURV�� /D� DSOLFDFLyQ� GHO� DJXD� VXHOH� SURGXFLUVH� HQ� OD� VXSHUILFLH� GHO�VXHOR�� DXQTXH� WDPELpQ� SXHGH� DSOLFDUVH� EDMR� OD� VXSHUILFLH� GHO�PLVPR��)LJXUD�����(VWH�VLVWHPD�GH�ULHJR�VH�EDVD�HQ�OD�DSOLFDFLyQ�GH�SHTXHxDV�GRVLV�GH�DJXD�FRQ�DOWDV�IUHFXHQFLDV��

������������� ��������������� �
)RWR����a) Aplicación del agua en superficie y b) Detalle de un lateral de riego por goteo 
subterráneo instalado en vid. 

/D� ILJXUD� �� PXHVWUD� HO� IUHQWH� K~PHGR� GHO� YROXPHQ� PRMDGR� SRU� XQ�JRWHUR�HQ�IXQFLyQ�GHO�YROXPHQ�LQILOWUDGR�����������\���� OLWURV��HQ�GRV�VXHORV�GH�WH[WXUD�FODUDPHQWH�GLIHUHQWHV�\�EDMR�GRV�WLSRV�GH�GHVFDUJD��/DV� ILJXUD��� LOXVWUD�� LJXDOPHQWH�� OD� LQIOXHQFLD�GH� OD�FODVH� WH[WXUDO�GHO�VXHOR�VREUH�HO�SDWUyQ�GH�GLVWULEXFLyQ�GHO�DJXD�EDMR� LGpQWLFR�YROXPHQ�GH�ULHJR�\�FDXGDO�GHO�JRWHUR��$PEDV� ILJXUDV� LQGLFDQ� TXH� HQ� HO� ULHJR� SRU� JRWHR� OD� IRUPD� \�GLPHQVLRQHV� GHO� YROXPHQ�KXPHGHFLGR�� GHSHQGHQ�� VREUH� WRGR�� GH� ODV�SURSLHGDGHV�\�FDUDFWHUtVWLFDV�GHO�SHUILO�ItVLFR�GHO�VXHOR��WLSR�GH�WH[WXUD�\�SURSLHGDGHV�KLGUiXOLFDV��\��SDUD�XQ�VXHOR�GDGR��GHO�YROXPHQ�GH�DJXD�DSOLFDGR�� FDXGDO� GHO� HPLVRU� \� WRSRJUDItD� GHO� WHUUHQR�� (O� QLYHO� GH�KRPRJHQHLGDG�R�HO�JUDGR�GH�HVWUDWLILFDFLyQ�GHO�SHUILO�GHO� VXHOR�HQ� OD�SURIXQGLGDG� H[SORUDGD�SRU� ODV� UDtFHV�GHEH� HYDOXDUVH� HQ� SURIXQGLGDG�SRU�VX�UHODFLyQ�FRQ�HO�PRYLPLHQWR�GHO�DJXD�HQ�HO�VXHOR�\�SRU�WDQWR�FRQ�OD�IRUPD�\�GLPHQVLRQHV�GHO�YROXPHQ�K~PHGR��)LJXUD�����(O�SDWUyQ�GH�KXPHGHFLPLHQWR�GHO�ULHJR�SRU�JRWHR�FRQWUDVWD�FRQ�HO�GH�ORV�VLVWHPDV�GH�DVSHUVLyQ�H� LQXQGDFLyQ�GHELGR�D� OD�DSOLFDFLyQ�GHO�DJXD�D�XQD�VROD�SDUWH� GH� OD� VXSHUILFLH� GHO� WHUUHQR�� (VWDV� FDUDFWHUtVWLFDV� GLIHUHQFLDOHV�
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KDFHQ�TXH� HO�PDQHMR� GHO� ULHJR� VHD�PX\�GLIHUHQWH� DO� GH� ORV�PpWRGRV�FRQYHQFLRQDOHV����

�)LJXUD� ��� frente húmedo del volumen 
mojado por el gotero en función del 
volumen infiltrado, para 2 tipos de suelo 
(franco y arenoso) y 2 descargas (q=4 
L/h [a y c]  y q=20 L/h [b y d] )�

��
)LJXUD��� Patrón de humedecimiento en riego por 
goteo para suelos con diferente textura y 
propiedades hidrofísicas (a=arcilloso; b= franco y 
c=  arenoso). 

(Q� ORV�ULHJRV� ORFDOL]DGRV�HO�REMHWLYR�SULQFLSDO�HV�PDQWHQHU�D�XQ�QLYHO�SUiFWLFDPHQWH�FRQVWDQWH�\�FHUFDQR�D�FDSDFLGDG�GH�FDPSR�HO�FRQWHQLGR�GH�KXPHGDG�GH�XQ�GHWHUPLQDGR�YROXPHQ�GH�VXHOR��GH�DKt�OD�QHFHVLGDG�GH�DSOLFDU�HO�DJXD�GH�ULHJR�FRQ�DOWD�IUHFXHQFLD��)LJXUD�����3RU�HOOR��VL�VH�GLVSXVLHVH�GH�DJXDV�GH�EXHQD�FDOLGDG�\�VH�PLQLPL]DUDQ�ODV�SpUGLGDV�SRU�SHUFRODFLyQ�SURIXQGD�D�SDUWLU�GH�FRQWUROHV�GHO�HVWDGR�KtGULFR�GHO�VXHOR� HQ� OD� ]RQD� LQIHULRU� UDGLFXODU�� HO� DJXD� D� DSOLFDU� GHEHUtD� VHU�SUiFWLFDPHQWH� LJXDO� D� OD� HYDSRWUDQVSLUDGD�� DO� DVXPLU� DXVHQFLDV� GH�HVFRUUHQWtDV�GDGDV�ODV�EDMDV�SOXYLRPHWUtDV�GH�ORV�HPLVRUHV��/D�SpUGLGD�GH�LPSRUWDQFLD�GHO�SDSHO�MXJDGR�SRU�HO�VXHOR�FRPR�UHVHUYRULR�GH�DJXD��HQ�HVWRV�VLVWHPDV�GH�ULHJR��YD�DFRPSDxDGD�GH�OD�PD\RU�UHOHYDQFLD�GH�OD� HVWLPDFLyQ� SUHFLVD� GH� OD� (7� GHO� FXOWLYR� �(7F��� DO� VHU� UHTXLVLWR�HVHQFLDO�SDUD�XQD�FRUUHFWD�SURJUDPDFLyQ�GHO�ULHJR�SRU�JRWHR��

����������������)LJXUD����Volúmenes humedecidos en suelo homogéneo y estratificado 

�

����������	


 ������	��	
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�)LJXUD����Variación de potencial del agua en el suelo según sistema de riego (R, 
r=aplicación de las dosis de riego por surcos-aspersión y goteo, respectivamente)��

������(YDSRWUDQVSLUDFLyQ�EDMR�ULHJR�SRU�JRWHR�
8QD� SODQWDFLyQ� HQ� ULHJR� SRU� JRWHR� SXHGH� UHSUHVHQWDUVH��HVTXHPiWLFDPHQWH�� FRPR� XQD� VXSHUILFLH� VHFD�� GRQGH� GHVFDQVDQ�SULVPDV�K~PHGRV��VXHOR�PRMDGR���SODQWD���)LJXUD�����
6L�D�HVWD�VLWXDFLyQ�VH�DSOLFD�HO�EDODQFH�GH�HQHUJtD�VH�WLHQH�TXH��

5Q� �*���+���(���0�
GRQGH��5Q� �UDGLDFLyQ�QHWD��GLIHUHQFLD�GH�ORV�IOXMRV�GH�UDGLDFLyQ�LQFLGHQWH�\�HPLWLGD��*� �HQHUJtD�XWLOL]DGD�HQ�HO�FDOHQWDPLHQWR�GHO�VXHOR��+�  � HQHUJtD� XWLOL]DGD� HQ� WUDQVIHUHQFLD� GH� FDORU� VHQVLEOH���FDOHQWDPLHQWR�GHO�DLUH���(� �HQHUJtD�XWLOL]DGD�HQ�WUDQVIHUHQFLD�GH�YDSRU�GH�DJXD��FDORU�ODWHQWH��0� �HQHUJtD�GLVLSDGD�HQ�SURFHVRV�PHWDEyOLFRV��
(Q� ODV� ]RQDV� VHFDV�� HO� WpUPLQR� (� SLHUGH� LPSRUWDQFLD� UHODWLYD� DO�GLVPLQXLU� HO� JUDGLHQWH� GH� YDSRU� HQWUH� OD� VXSHUILFLH� GHO� VXHOR� \� DLUH��GLVPLQXFLyQ� GH� HYDSRUDFLyQ��� (Q� HVDV� FRQGLFLRQHV� HO� WpUPLQR� *��XVXDOPHQWH�SRFR�LPSRUWDQWH��DGTXLHUH�XQ�PD\RU�SHVR��SURGXFLpQGRVH�XQ�FDOHQWDPLHQWR�GH�OD�VXSHUILFLH�GHO�VXHOR��TXH�VH�FRPSRUWDUi�FRPR�XQ�HPLVRU�GH�UDGLDFLRQHV�GH�RQGD�ODUJD��

5� �H�V�7� ��:�P � ��
'RQGH��
5� �UDGLDFLyQ��HQHUJtD�HPLWLGD�SRU�XQ�FXHUSR��SRU�XQLGDG�GH�WLHPSR�
H� �HPLVLYLGDG��R�HIHFWLYLGDG�GHO�FXHUSR�HQ�OD�HPLVLyQ�GH�UDGLDFLyQ�GH�WRGDV�ODV�ORQJLWXGHV�GH�RQGD��
V� �FRQVWDQWH�XQLYHUVDO�GH�6WHIDQ�%ROW]PDQQ��������� ��� �:�P � � �. � � ��
7� �WHPSHUDWXUD�DEVROXWD�GHO�FXHUSR�UDGLDQWH�
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3DUWH�GH�HVWD�HQHUJtD�VHUi�FDSWDGD�\�DEVRUELGD�SRU� OD�SDUWH�K~PHGD��VXHOR� K~PHGR� �� SODQWD�� TXH� GH� HVWD� IRUPD� YHUi� LQFUHPHQWDGD� OD�HQHUJtD�GLVSRQLEOH�SDUD�HYDSRWUDQVSLUDFLyQ��

 

�
�

�
 

)LJXUD����Balance hídrico y de energía de una plantación en riego localizado �
8QD�VHJXQGD�IXHQWH�GH�HQHUJtD��H[WUD��DO�FXOWLYR�SXHGH�YHQLU�D�WUDYpV�GH�WUDQVIHUHQFLD�GH�DLUH�FDOLHQWH�SRU�PLFURDGYHFFLyQ�GHVGH�ODV�]RQDV�VHFDV� �)LJXUD� ���� 3RU� WDQWR� OD� VLWXDFLyQ� GH� HVWH� VLVWHPD� GH� ULHJR��FRPSDUDGD�FRQ�ORV�ULHJRV�FRQYHQFLRQDOHV��SXHGH�UHVXPLUVH�HQ���

x0HQRU�HYDSRUDFLyQ��
x0D\RU�HQHUJtD�GLVSRQLEOH�SDUD�OD�WUDQVSLUDFLyQ��

(O� UHVXOWDGR� ILQDO� GHO� EDODQFH� GH� DPERV� FRPSRQHQWHV� GH� OD�HYDSRWUDQVSLUDFLyQ� GHSHQGHUi� GH� OD� VXSHUILFLH� GH� VXHOR� VHFR� TXH� HQ�FDGD�FDVR�VH�WHQJD�UHVSHFWR�D�OD�VXSHUILFLH�K~PHGD���
/DV� SUHGLFFLRQHV� GH� OD� (7F� REWHQLGDV� D� SDUWLU� GH� OD� PHWRGRORJtD�GHVDUUROODGD� SDUD� FXOWLYRV� EDMR� ULHJR� FRQYHQFLRQDO�� HQ� HO� TXH� VH�KXPHGHFH�SUiFWLFDPHQWH� OD� WRWDOLGDG�GH� OD�VXSHUILFLH�GHO� WHUUHQR��QR�VRQ�DSOLFDEOHV�GLUHFWDPHQWH�D� ORV�FXOWLYRV�EDMR�ULHJR�SRU�JRWHR��3DUD�TXH�HVDV�SUHGLFFLRQHV�GH�(7F�VHDQ�DSOLFDEOHV�HV�QHFHVDULR�HYDOXDU�ORV�GRV� HIHFWRV� GLIHUHQFLDOHV� FLWDGRV� DQWHULRUPHQWH�� OR� TXH�IUHFXHQWHPHQWH� VH� KDFH� FRQ� HO� HPSOHR� GH� FRHILFLHQWHV� FRUUHFWRUHV��NU��� (V� QHFHVDULR� VHxDODU� TXH� HO� SRUFHQWDMH� GH� iUHD� VRPEUHDGD�FRQVWLWX\H� HO� IDFWRU� FXOWXUDO� TXH� PiV� LQIOX\H� VREUH� OD� (7F�� $Vt�� OD�HYDSRUDFLyQ� GH� DJXD� GHVGH� OD� VXSHUILFLH� GHO� VXHOR� HV� DOWD� WUDV� XQ�ULHJR��SHUR�GLVPLQX\H�GUiVWLFDPHQWH�DO�VHFDUVH�OD�VXSHUILFLH�GHO�VXHOR�GHVSXpV�GHO�KXPHGHFLPLHQWR��3RU�HOOR��FXDQGR�ODV�SODQWDV�VRQ�MyYHQHV�\� HO� VXHOR� HVWi� SRFR� VRPEUHDGR� OD� HYDSRWUDQVSLUDFLyQ� HV�VXEVWDQFLDOPHQWH� PHQRU� TXH� FXDQGR� OD� FREHUWXUD� GHO� VXHOR� HV�FRPSOHWD��



Apuntes de Fitotecnia  R. Domingo 

 5 

(Q� DOPHQGUR�� )HUHUHV� HW� DO�� ������� REWXYLHURQ� TXH� SDUD� YDORUHV� GH�iUHD� VRPEUHDGD� VXSHULRUHV� DO� ��� �� ���� OD� HYDSRWUDQVSLUDFLyQ� GHO�FXOWLYR� HV� VLPLODU� HQ� ULHJR� ORFDOL]DGR� \� FRQYHQFLRQDO� �)LJXUD� ���� 'H�PRGR� TXH� FXDQGR� XQ� FXOWLYR� FXEUH� OD� WRWDOLGDG� GH� OD� VXSHUILFLH� GHO�VXHOR�� HO� FRQVXPR� GH� DJXD� GH� OD� SODQWD� HV� EiVLFDPHQWH� HO� PLVPR��LQGHSHQGLHQWHPHQWH� GHO� VLVWHPD� GH� ULHJR� XWLOL]DGR�� /RV� GDWRV�UHFRJLGRV� HQ� OD� ILJXUD� �� LQGLFDQ� XQ� DOWR� JUDGR� GH� PLFURDGYHFFLyQ��DOPHQGURV�FRQ�XQ�����GH�FREHUWXUD�SUHVHQWDURQ�(7�GHO�����GH� OD�FRUUHVSRQGLHQWH�D�iUEROHV�DGXOWRV���D�OD�YH]�TXH�SHUPLWHQ�HVWLPDU�ODV�QHFHVLGDGHV� GH� ULHJR� GH� DOPHQGURV� MyYHQHV� D� SDUWLU� GH� ODV�FRUUHVSRQGLHQWHV�D�iUEROHV�DGXOWRV��
�

�
)LJXUD�����Relación entre el %SS por almendros jóvenes (julio) y ET relativa a una plantación 
adulta. (•) Huerto en el Condado de Colusa y �+XHUWR�en el Condado de Fresno.�
����� 0pWRGRV� GH� HVWLPD� R� GH� PHGLGD� GH� ODV� QHFHVLGDGHV�KtGULFDV�GH�XQ�FXOWLYR��(7��
/RV�SULQFLSDOHV�PpWRGRV�GHVDUUROODGRV�SDUD�OD�GHWHUPLQDFLyQ�GH�OD�(7�HVWiQ� FODVLILFDGRV� HQ� GRV� JUDQGHV� JUXSRV�� ORV� TXH� UHFXUUHQ� D� OD�PHGLGD�LQGLUHFWD�GH�OD�(7�\�ORV�TXH�OD�PLGHQ�GLUHFWDPHQWH��7DEOD�����
0pWRGRV�PLFURPHWHRUROyJLFRV�
6H�SXHGH�GHWHUPLQDU�OD�(7R�PHGLDQWH�IyUPXODV�HPStULFDV�TXH�XWLOL]DQ�GDWRV� PHWHRUROyJLFRV� �7DEOD� ���� R� D� WUDYpV� GH� PHGLGDV� GLUHFWDV� GH�HYDSRUDFLyQ� GHO� DJXD� �(SDQ�� HQ� XQ� HYDSRUtPHWUR� HVWiQGDU� &ODVH� $��)RWR�����
�

 

3RUFHQWDMH�GH�iUHD�VRPEUHDGD�

3RUFHQWDMH�GH�(7�
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7DEOD����Clasificación de los modelos desarrollados para medir la ET 

�
(O� PpWRGR� GHO� WDQTXH� HYDSRULPpWULFR� &ODVH� $� KD� VLGR� DPSOLDPHQWH�XWLOL]DGR� SRU� ODV� EXHQDV� FRUUHODFLRQHV� HQFRQWUDGDV� HQWUH� OD�HYDSRWUDQVSLUDFLyQ� GH� UHIHUHQFLD� \� OD� HYDSRUDFLyQ� GH� DJXD� HQ� HVWDV�VXSHUILFLHV�QRUPDOL]DGDV�SDUD�SHUtRGRV�VXSHULRUHV�D���GtDV��(O�PpWRGR�GH�3HQPDQ�0RQWHLWK�HV�HO�UHFRPHQGDGR�DFWXDOPHQWH�SRU� OD�)$2�\� OD�2UJDQL]DFLyQ�0XQGLDO� GH�0HWHRURORJtD��:02�� SDUD� OD� GHWHUPLQDFLyQ�GH� OD�(7R�� /RV� YDORUHV�GH�(7R� �(7R�3HQPDQ�0RQWHLWK��SDUD�GLVWLQWDV�]RQDV� GH� OD�5HJLyQ�GH�0XUFLD� VH� SXHGHQ�REWHQHU� D� QLYHO� VHPDQDO�� R�LQFOXVR�GLDULR��HQ�OD�SiJLQD�:HE�GHO�  6HUYLFLR�GH�,QIRUPDFLyQ�$JUDULD�
GH�0XUFLD��6,$0� (http:/ / www.carm.es/ cagr/ cida/ siam.htm)��

� �
)RWR� ��� Tanque clase A rodeado de cubierta verde y detalle del tornillo micrométrico e 
indicador de anzuelo.��
3DUD� FDOFXODU� OD� HYDSRWUDQVSLUDFLyQ� GHO� FXOWLYR� �(7F�� HQ� FRQGLFLRQHV�HVWiQGDU��R�HYDSRWUDQVSLUDFLyQ�Pi[LPD��HQWHQGLGD�FRPR��OD�OiPLQD�GH�DJXD� QHFHVDULD� SDUD� FXEULU� ODV� SpUGLGDV� SRU� WUDQVSLUDFLyQ� \�HYDSRUDFLyQ� GH� XQ� FXOWLYR� OLEUH� GH� HQIHUPHGDGHV�� FUHFLHQGR� HQ�FDPSRV� JUDQGHV�� FRQ� DEXQGDQWH� DJXD� \� DERQR�� VLQ� FRQGLFLRQHV�UHVWULFWLYDV�GH�VXHOR�\�REWHQLpQGRVH� OD�SURGXFFLyQ�SRWHQFLDO�EDMR� ODV�FRQGLFLRQHV� GH� FUHFLPLHQWR� GDGDV�� HV� QHFHVDULR� XWLOL]DU� FRHILFLHQWHV�HVSHFtILFRV�� GHQRPLQDGRV� FRHILFLHQWHV� GH� FXOWLYR� �.F��� eVWRV�UHODFLRQDQ� OD� (7R� FRQ� OD� (7F� \� SHUPLWHQ� REWHQHU� (7F� D� SDUWLU� GHO�FRQRFLPLHQWR�GH�(7R��

(7F��PP�G ��� �� �(7R��PP�G ��� ��[�.F�

Métodos micrometeorológicos 
Método del balance de agua en el suelo 
Métodos fisiológicos 

0HGLGD�LQGLUHFWD�

0HGLGD�GLUHFWD Método de la lisimetría 
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/RV� FRHILFLHQWHV� GH� FXOWLYR� GHSHQGHQ� SULQFLSDOPHQWH� GHO� WLSR� GH�FXOWLYR�� GH� VX� HGDG� \� GH� OD� KXPHGDG� GH� OD� VXSHUILFLH� GHO� VXHOR�� /D�GHWHUPLQDFLyQ�GH�.F�QR�UHVXOWD�IiFLO��/RV�.F�TXH�VH�HQFXHQWUDQ�HQ� OD�ELEOLRJUDItD� �'RRUHQERV� \� 3UXLWW�� ������ $OOHQ� HW� DO��� ������ KDQ� VLGR�GHWHUPLQDGRV��SULQFLSDOPHQWH��D�SDUWLU�GH�OLVtPHWURV���
7DEOD� ��� Datos meteorológicos requeridos para el cálculo de la 
evapotranspiración (Sánchez-Toribio, 1992) 

�
%DODQFH�GH�DJXD�HQ�HO�VXHOR�
(O� EDODQFH� GH� DJXD� HQ� HO� VXHOR� KD� VLGR� XQR� GH� ORV� PpWRGRV� PiV�XWLOL]DGRV�SDUD�GHWHUPLQDU�ODV�QHFHVLGDGHV�KtGULFDV�GH�ORV�FXOWLYRV��6H�WUDWD� GH� FXDQWLILFDU� ODV� FDQWLGDGHV� GH� DJXD� TXH� HQWUDQ�� VDOHQ� R�SHUPDQHFHQ�HQ�XQ�YROXPHQ�GH�VXHOR�GXUDQWH�XQ�WLHPSR�GHWHUPLQDGR��(O� EDODQFH� GH� DJXD� VH� SXHGH� UHSUHVHQWDU� PHGLDQWH� OD� VLJXLHQWH�HFXDFLyQ��

3���5� �(7F��'�r�'T�r�(�'RQGH���3� �OOXYLD��SOXYLyPHWUR��5� �ULHJR��FRQWDGRU��DIRUDGRU��
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(7F� �HYDSRWUDQVSLUDFLyQ�GHO�FXOWLYR��D�GHVSHMDU��
'T� �YDULDFLyQ�GH�KXPHGDG�GHO�VXHOR�HQ�OD�]RQD�UDGLFXODU�GXUDQWH�HO�SHULRGR�GH�PHGLGD��VRQGD�GH�QHXWURQHV�R�7'5��'� �GUHQDMH�QHWR��SHUFRODFLyQ�SURIXQGD�PHQRV�HO�DVFHQVR�FDSLODU�(� �DSRUWH�R�SpUGLGD�GH�DJXD�SRU�HVFRUUHQWtD�VXSHUILFLDO��

7RGRV� HVWRV� SDUiPHWURV� VH� H[SUHVDQ� HQ� XQLGDGHV� GH� DOWXUD� GH� DJXD��FP�R�PP���
(Q� DXVHQFLD� GH� HVFRUUHQWtD� VXSHUILFLDO� \� GH� DSRUWHV� ODWHUDOHV� OD� (7F�SXHGH� VHU� FDOFXODGD� VL� HO� UHVWR� GH� ORV� WpUPLQRV� KDQ� VLGR� PHGLGRV�FRPR��

(7F� �3���5�±�'���'T�
'H�PRGR�TXH�VL��

T)�!�T,�����'T�
T)���T,�����'T�

T)�\�T,�VRQ�ORV�FRQWHQLGRV�YROXPpWULFRV�GH�DJXD�HQ�HO�VXHOR�DO�ILQDO�H�LQLFLR�GHO�SHUtRGR�GH�PHGLGD��
(Q� ORV� SHULRGRV� VLQ� ULHJR� R� OOXYLD� OD� HFXDFLyQ� GHO� EDODQFH� VH�VLPSOLILFDUtD�D��

�'T� �(7F���'�
$�SHVDU�GH�VX�VHQFLOOH]�H[LVWH�GLILFXOWDG�HQ�VHSDUDU�OD�SDUWH�GHO�FDPELR�GH�KXPHGDG�DWULEXLEOH�D�(7F�GHO�GHELGR�D�'��(VWH�SUREOHPD�VH�SXHGH�UHVROYHU�PHGLDQWH�FiOFXORV�GHO�SODQR�GH�IOXMR�QXOR���
&XDQGR� VH� XWLOL]DQ� VLVWHPDV� GH� ULHJR� ORFDOL]DGR� ODV� GLILFXOWDGHV�DXPHQWDQ�� VLHQGR�QHFHVDULR� UHDOL]DU�SUXHEDV�SDUD� OD�SRQGHUDFLyQ�GH�ODV�]RQDV�DIHFWDGDV�\�QR�DIHFWDGDV�SRU�ORV�DSRUWHV�ORFDOL]DGRV�GH�DJXD�GXUDQWH�HO�SHUtRGR�GH�ULHJR��)LJXUD�����DVt�FRPR� OD�UHDOL]DFLyQ�GH�XQ�HVWXGLR� GHWDOODGR� GH� ODV� FDUDFWHUtVWLFDV� KLGURGLQiPLFDV� GHO� VXHOR�� HQ�HVSHFLDO�GH�OD�UHODFLyQ�HQWUH�OD�FRQGXFWLYLGDG�KLGUiXOLFD�\�HO�FRQWHQLGR�GH� KXPHGDG� GHO� VXHOR�� N�T��� 8QD� YH]� HVWDEOHFLGDV� ODV� UHODFLRQHV�IXQFLRQDOHV� HQWUH� FRQGXFWLYLGDG� KLGUiXOLFD� \� FRQWHQLGR� GH� KXPHGDG�GHO�VXHOR��GHILQLGD�OD�SRQGHUDFLyQ�GH�iUHDV�HQ�IXQFLyQ�GH�ORV�DSRUWHV�GH� DJXD�� GHWHUPLQDGD� OD� SURIXQGLGDG� GHO� VLVWHPD� UDGLFDO� \� HO�JUDGLHQWH� KLGUiXOLFR�� ODV� GLIHUHQFLDV� GH� FRQWHQLGR� YROXPpWULFR��REWHQLGDV�FRQ�VRQGD�GH�QHXWURQHV�R�SRU�RWUD�PHWRGRORJtD��SXHGHQ�VHU�XWLOL]DGDV� SDUD� FDOFXODU� HO� IOXMR� GH� DJXD� D� WUDYpV� GH� OD� SURIXQGLGDG�UDGLFXODU� \� GH� HVWH� PRGR� FXDQWLILFDU� HO� GUHQDMH� GXUDQWH� HO� FLFOR� GH�FXOWLYR��
0pWRGRV�ILVLROyJLFRV�
(VWRV�PpWRGRV�LQFOX\HQ�WpFQLFDV�TXH�PLGHQ�GLUHFWDPHQWH�ODV�SpUGLGDV�GH� DJXD� SRU� WUDQVSLUDFLyQ� GH� XQD� SDUWH� GH� OD� SODQWD� R� GH� OD� SODQWD�
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HQWHUD�� D� SDUWLU� GH� PHGLGDV� GH� IOXMR� GH� VDYLD�� HTXLYDOHQWHV� D� OD�WUDQVSLUDFLyQ�� (Q� iUEROHV� IUXWDOHV� DGXOWRV� OD� WUDQVSLUDFLyQ� SXHGH�UHSUHVHQWDU�� FRPR� PHGLD�� HQWUH� HO� ��� \� HO� ���� GH� OD� (7�� HO� UHVWR�FRUUHVSRQGHUtD�D�OD�HYDSRUDFLyQ�GHO�DJXD�GHO�VXHOR��
$� SDUWLU� GH� ORV� DxRV� ���� GLIHUHQWHV� LQYHVWLJDGRUHV� KDQ� WUDEDMDGR� \�GHVDUUROODGR� WpFQLFDV� GH� PHGLFLyQ� GH� YHORFLGDG� UHDO� GH� OD� VDYLD��XWLOL]DQGR�OD�LQ\HFFLyQ�GH�XQ�FRORUDQWH��GH�XQ�PDUFDGRU�UDGLRDFWLYR�R�GH� WUD]DGRUHV� TXtPLFRV�� $XQTXH� HO� IXQGDPHQWR� GH� HVWDV� WpFQLFDV� HV�VyOLGR�� SUHVHQWDQ� ORV� LQFRQYHQLHQWHV� GH� VHU� GHVWUXFWLYDV� \� GH� GLItFLO�XWLOL]DFLyQ� GXUDQWH� ODUJRV� SHUtRGRV� \� VREUH� YDULRV� LQGLYLGXRV�� (VWD�UHDOLGDG� KD� KHFKR� TXH�� HQ� ORV� ~OWLPRV� DxRV�� HO� LQWHUpV� GH� ORV�LQYHVWLJDGRUHV�HVWp�FHQWUDGR�HQ�ORV�PpWRGRV�EDVDGRV�HQ�OD�LQWHUDFFLyQ�HQWUH�OD�FLUFXODFLyQ�GH�OD�VDYLD�EUXWD��OD�WUDQVSLUDFLyQ�\�ORV�WUDQVSRUWHV�GH� FDORU�� )UXWR� GH� HVWD� GHGLFDFLyQ� KD� VLGR� HO� GHVDUUROOR� \� DSOLFDFLyQ�H[LWRVD� GH� GLIHUHQWHV� PpWRGRV� TXH� DSURYHFKDQ� OD� JUDQ� FDSDFLGDG�FDORUtILFD�TXH�SRVHH�OD�VDYLD�HQ�FRPSDUDFLyQ�FRQ�OD�GHO�DLUH�\�OD�GH�OD�PDGHUD� K~PHGD�� DVt� FRPR� ORV� DYDQFHV� KDELGRV� HQ� ODV� WpFQLFDV� GH�PHGLFLyQ� GH� OD� WHPSHUDWXUD� \� HQ� OD� LQIRUPiWLFD� GH� DSOLFDFLyQ� DO�FDPSR�� 7RGRV� HVWRV� KHFKRV� KDQ� DPSOLDGR� GH� VREUHPDQHUD� ODV�SRVLELOLGDGHV�GH�XWLOL]DFLyQ�GH�HVWRV�VLVWHPDV��
/DV�WpFQLFDV�GH�PHGLFLRQHV�WpUPLFDV�GHVDUUROODGDV�HQ�ORV�~OWLPRV�DxRV�SXHGHQ�FODVLILFDUVH�HQ�WUHV�JUXSRV��
� 0pWRGR�GH�LPSXOVLyQ�GH�FDORU�� 0pWRGR�UDGLDO�GH�FDORU�FRQVWDQWH�� 0pWRGR�GH�EDODQFH�GH�FDORU�
'H�ORV�WUHV�PpWRGRV��VH�FRPHQWD�EUHYHPHQWH�HO�GH�LPSXOVLyQ�GH�FDORU��eVWH�FRQVLVWH� HQ� VHJXLU� OD�YHORFLGDG�GH�GHVSOD]DPLHQWR�GH�SXOVRV�GH�FDORU�HPLWLGRV�SRU�XQD�IXHQWH�WpUPLFD�LQWURGXFLGD�HQ�HO�UHFRUULGR�GH�OD�VDYLD��)LJXUD�����(O�WLHPSR�WUDQVFXUULGR�HQWUH�OD�HPLVLyQ�GHO�SXOVR�GH�FDORU� \� OD� UHFHSFLyQ� GH� pVWH� SRU� XQ� VHQVRU� GLVSXHVWR� DJXDV� DEDMR��SHUPLWH� FDOFXODU� HO� WLHPSR� LQYHUWLGR� SRU� OD� VDYLD� HQ� UHFRUUHU� HVD�GLVWDQFLD�� 3DUD� GLVWLQJXLU� HQWUH� HO� HIHFWR� GH� FRQYHFFLyQ� SRU�PRYLPLHQWR� GH� OD� VDYLD� \� HO� WUDQVSRUWH� GH� FDORU� SRU� FRQGXFFLyQ�WpUPLFD�� VH� FRORFDQ� DVLPpWULFDPHQWH� XQ� VHQVRU� DJXDV� DEDMR� \� RWUR�DJXDV�DUULED�GHO�FDOHQWDGRU���
(O� HTXLSR� GH� PHGLGD� UHJLVWUD� ORV� WLHPSRV� HQ� ORV� TXH� VH� LJXDODQ� ODV�WHPSHUDWXUDV� GH� ORV� WHUPRSDUHV� VLWXDGRV� DJXDV� DUULED� \� DEDMR� GHO�FDOHQWDGRU��W � ���&RQ�HVWRV�YDORUHV�\�ODV�GLVWDQFLDV�GH�LQVWDODFLyQ�GH�ORV�WHUPRSDUHV�DO�FDOHQWDGRU�VH�HVWLPD�OD�YHORFLGDG�GHO�SXOVR�GH�FDORU�HQ�FDGD� SURIXQGLGDG�� /D� FRQYHUVLyQ� GH� YHORFLGDG� GHO� SXOVR� GH� FDORU� D�IOXMR�GH�VDYLD�WRWDO�UHTXLHUH�GH�OD�HVWLPD�GH�ODV�SURSLHGDGHV�ItVLFDV�GH�OD�PDWUL]�OHxRVD�\�GH�OD�VXSHUILFLH�GH�PDGHUD�FRQGXFWRUD���
�



Apuntes de Fitotecnia  R. Domingo 

 10

�
)LJXUD����Colocación de las sondas de temperatura y calentador en el tronco del árbol para 
la medida del flujo de savia por el método de compensación de pulso de calor. 

�
/LVLPHWUtD�GH�SHVDGD�
+LOOHO� HW� DO�� ������� GHILQHQ� ORV� OLVtPHWURV� FRPR� ³XQRV� UHFLSLHQWHV�JUDQGHV� OOHQRV� GH� VXHOR� �)LJXUD� ���� JHQHUDOPHQWH�� XELFDGRV� HQ�SDUFHODV� FXOWLYDGDV� SDUD� UHSUHVHQWDU� VXV� FRQGLFLRQHV� QDWXUDOHV�� (Q�HOORV�� ODV� FRPSRQHQWHV� GHO� EDODQFH� GH� DJXD� HQ� HO� VXHOR� SXHGHQ� VHU�PiV�IiFLO�\�H[DFWDPHQWH�FRQWURODGDV�TXH�HQ�HO�SHUILO�QDWXUDO�GHO�VXHOR��(O�PpWRGR�SURSRUFLRQD�XQD�PHGLGD�GLUHFWD�GH�ODV�FDQWLGDGHV�GH�DJXD�SHUGLGDV�SRU�HYDSRUDFLyQ�\�WUDQVSLUDFLyQ��ELHQ�SRU�VLPSOH�EDODQFH�GH�HQWUDGDV� \� VDOLGDV� R� SRU� GLIHUHQFLDV� GH� SHVR�� (O� HTXLSR� HV�IUHFXHQWHPHQWH� XWLOL]DGR� SDUD� HYDOXDU� ORV� GLIHUHQWHV� PpWRGRV� GH�HVWLPD� GH� OD� (7F� \� HVWXGLDU� ORV� HIHFWRV� GHO� FOLPD� VREUH� OD�HYDSRWUDQVSLUDFLyQ��
([LVWHQ� IXQGDPHQWDOPHQWH� GRV� JUXSRV� GH� OLVtPHWURV��HYDSRWUDQVSLUyPHWURV�YROXPpWULFRV�\�OLVtPHWURV�GH�SHVDGD��
%iVLFDPHQWH�ORV�OLVtPHWURV�YROXPpWULFRV�SHUPLWHQ�GHWHUPLQDU�OD�(7�GH�XQD�FXELHUWD�YHJHWDO�FRPR�WpUPLQR�UHVLGXDO�GH�OD�HFXDFLyQ�GHO�EDODQFH�KtGULFR� DSOLFDQGR� D�XQ�SHUtRGR�GH� WLHPSR�GHWHUPLQDGR�� 3DUD� HOOR�� VH�UHVWD� GH� OD� FDQWLGDG� WRWDO� GH� DJXD� DSOLFDGD� DO� OLVtPHWUR� �OOXYLD� \�R�ULHJR�� HO� DJXD� HQ� H[FHVR� UHFRJLGD� HQ� HO� IRQGR� GHO� PLVPR�PHGLDQWH�UHFLSLHQWHV�DGHFXDGDPHQWH�FDOLEUDGRV��

'T� �3���5���(7F��'�r�(�
(Q� DXVHQFLD� GH� HVFRUUHQWtD� OD� (7F� SXHGH� VHU� FDOFXODGD�� VL� KDQ� VLGR�PHGLGRV�HO�UHVWR�GH�ORV�WpUPLQRV��FRPR���

(7F� �3���5���'���'T�
(O�'T�HV�OD�FRPSRQHQWH�FX\D�GHWHUPLQDFLyQ�HV�DOJR�PiV�FRPSOLFDGD�HQ�OLVtPHWURV� QR� SHVDQWHV�� VL� ELHQ�� FRQ� HO� HPSOHR� GH� OD� VRQGD� GH�
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QHXWURQHV� SXHGH� VHU� PHGLGR� D� GLIHUHQWHV� SURIXQGLGDGHV� HQ� ORV�PRPHQWRV�GHVHDGRV��
/RV�OLVtPHWURV�GH�SHVDGD�FRQVWLWX\HQ�HO�PpWRGR�PiV�SUHFLVR�\�GLUHFWR�GH� PHGLGD� GHO� FRQVXPR� GH� DJXD� GH� ODV� SODQWDV�� (VWRV� SHUPLWHQ�GHWHUPLQDU� OD� HYDSRWUDQVSLUDFLyQ� UHDO� GHO� FXOWLYR� D� LQWHUYDORV� GH�WLHPSR�FRUWRV��GXUDQWH�SHUtRGRV�GLDULRV��GH�KRUDV��H�LQFOXVR�LQIHULRUHV��%DMR� FRQGLFLRQHV� GH� VXPLQLVWUR� KtGULFR� QR� OLPLWDWLYDV� SHUPLWHQ� OD�GHWHUPLQDFLyQ�GH�ORV�FRHILFLHQWHV�GH�FXOWLYR��D�SDUWLU�GH�OD�UHODFLyQ��

.F� �(7F�(7R�
3DUD�HOOR��HV�IXQGDPHQWDO�TXH�WDQWR�HO�FXOWLYR�TXH�FUHFH�HQ�pO�FRPR�ORV�FLUFXQGDQWHV�VHDQ�UHSUHVHQWDWLYRV�GH�OD�H[SORWDFLyQ��eVWH�VXHOH�VHU�HO�SUREOHPD�SULQFLSDO�FRQ�HO�TXH�VH�HQFXHQWUDQ�ORV�OLVtPHWURV�GH�SHVDGD��SHUR�QR�HO�~QLFR���
6HJ~Q� HO� SULQFLSLR� \� GLVSRVLWLYR� XWLOL]DGR� HQ� OD� GHWHUPLQDFLyQ� GH� ORV�FDPELRV�GH�SHVR��ORV�OLVtPHWURV�GH�SHVDGD�VH�FODVLILFDQ�HQ��

/LVtPLWURV�GH�SHVDGD�SRU�EiVFXOD�PHFiQLFD��/LVtPLWURV�GH�SHVDGD�HOHFWUyQLFD�/LVtPLWURV� GH� SHVDGD� FRQ� FpOXODV� KLGUiXOLFDV� GH� UHVLVWHQFLD�PHFiQLFD��
/LVtPLWURV�IORWDQWHV��

/D� ILJXUD� �� SUHVHQWD� XQ� OLVtPHWUR� GH� SHVDGD� LQVWDODGR� HQ� 7DO�$PDUD��/tEDQR���$�SHVDU�GH� OD�H[DFWLWXG�GH�PHGLGD�GH�HVWRV�GLVSRVLWLYRV�� OD�UHDOLGDG�PXHVWUD�XQD�HVFDVD�XWLOL]DFLyQ�GH�ORV�PLVPRV��TXL]iV��SRU�OD�FRPSOHMLGDG� GH� VX� LQVWDODFLyQ�� SRU� ORV� FRVWHV� RQHURVRV� GH� VX�FRQVWUXFFLyQ�\�WDPELpQ�SRU� OD�H[LJHQFLD�GH�SHUVRQDO�FXDOLILFDGR�SDUD�VX�PDQHMR��

�
)LJXUD����Sección transversal de un lisímetro de pesada con un tanque contenedor de suelo de 
16 m2 de superficie y 1,5 m de profundidad. 
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����� 0HGLGD� GHO� tQGLFH� GH� FREHUWXUD� GHO� VXHOR� R� VXHOR�VRPEUHDGR�SRU�HO�FXOWLYR�
/D�SUiFWLFD�PiV�QRUPDO�GH�FiOFXOR�GH� ODV�QHFHVLGDGHV�KtGULFDV�GH� ORV�FXOWLYRV�HQ�ULHJR�SRU�JRWHR�HV�OD�XWLOL]DFLyQ�GH�OD�PHWRGRORJtD�)$2�GH�FiOFXOR� EDMR� ULHJR� FRQYHQFLRQDO� \� OD� DSOLFDFLyQ� GH� IDFWRUHV� GH�FRUUHFFLyQ��NU��HQ�EDVH�DO�SRUFHQWDMH�GH�VXHOR�VRPEUHDGR���66���
([LVWHQ� GLYHUVDV� WpFQLFDV� TXH� SHUPLWHQ�PHGLU� HO��66� HQ� FDPSR�� (Q�SODQWDFLRQHV�IUXWDOHV�HO��66�VH�SXHGH�HVWLPDU�D�SDUWLU�GH�OD�UHODFLyQ��

plantacióndeMarco
árbolelporsombreadaÁrea

SS% = �
/D�ILJXUD���SUHVHQWD�XQ�HMHPSOR�GH�XQD�SODQWDFLyQ�IUXWDO�D�PDUFR�GH���P�[���P�HQ�OD�TXH�ORV�iUEROHV�VRPEUHDQ�SUiFWLFDPHQWH�XQ�FtUFXOR�GH�GLiPHWUR���P��(O��66�GH�HVD�SODQWDFLyQ�IUXWDO�VHUi��

%52100x
m24

4/)4(
SS% 2

2

=⋅π= �

�)LJXUD� ���Estimación de la superficie sombreada por la cubierta vegetal del 
árbol. 

(Q�FXOWLYRV�KRUWtFRODV�HQ�OtQHD��HO��66�VH�SXHGH�REWHQHU�VLPSOHPHQWH�FRORFDQGR� XQD� UHJOD� HQ� HO� VXHOR� SDUDOHOD� D� ODV� OtQHDV� GH� FXOWLYR� \�FRQWDQGR� OD� GLVWDQFLD� GH� UHJOD� VRPEUHDGD�� /D� UHJOD� VH� YD�PRYLHQGR�SDUDOHODPHQWH�D�ODV�OtQHDV�GH�FXOWLYR�D�GLVWDQFLDV�LJXDOHV�KDVWD�FXEULU�OD�GLVWDQFLD�TXH�VHSDUD�D�ODV�GRV�OtQHDV�GH�FXOWLYR�DG\DFHQWHV��(Q�FDGD�SRVLFLyQ� GH� OD� UHJOD� VH� PLGH� OD� ORQJLWXG� GH� UHJOD� VRPEUHDGD�� (VWD�
WpFQLFD�IXH�GHVDUUROODGD�SRU�$GDPV�HW�DO� ���������

nL
ri

SS%
×

Σ= �
'RQGH��UL� �ORQJLWXG�GH�OD�UHJOD�VRPEUHDGD�HQ�OD�SRVLFLyQ�L�/� �/RQJLWXG�WRWDO�GH�OD�UHJOD�XWLOL]DGD��Q� �Q��GH�SRVLFLRQHV�GH�OD�UHJOD�HQWUH���OtQHDV�GH�FXOWLYR�
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/D�ILJXUD����SUHVHQWD�HO�HVTXHPD�GH�XQ�FXOWLYR�HQ�OtQHDV�D������P�GH�VHSDUDFLyQ��6H�XWLOL]y�XQD�UHJOD�GH���P�GH�ORQJLWXG�JUDGXDGD�HQ�FP��/� �����FP��TXH�VH�PRYLy�D�LQWHUYDORV�GH���FP��Q� ������ �����
$SOLFDQGR�OD�HFXDFLyQ�DQWHULRU�VH�WXYR��

%7,42100
15 100

100)1001006000000001566100(100
SS% =×

×
++++++++++++++=

(VWDV� PHGLGDV� VH� GHEHQ� UHDOL]DU� HQ� GtDV� VROHDGRV� \� D� XQD� KRUD�SUy[LPD�D�PHGLRGtD� VRODU�SDUD�PLQLPL]DU�HO� HIHFWR�GHO�iQJXOR�GH� ORV�UD\RV�VRODUHV��

�������������������������������� �
)LJXUD�����Esquema de las posiciones realizadas para estimar el valor del %SS en un cultivo 
en líneas mediante la medida de la longitud sombreada. Separación entre líneas 0,75 m, 
longitud de la regla 1,0 m y posiciones de regla a intervalos de 5 cm. 

(O� SRUFHQWDMH� GH� VXHOR� VRPEUHDGR� VH� SXHGH� REWHQHU�� LJXDOPHQWH�� D�SDUWLU� GH� WpFQLFDV� IRWRJUiILFDV� R� PHGLDQWH� UHODFLRQHV� HPStULFDV� FRQ�RWUDV�PHGLGDV�GH�FXOWLYR�FRPR�SXHGH�VHU�HO�tQGLFH�GH�iUHD�IROLDU��
�����&iOFXOR�GHO�IDFWRU�GH�FRUUHFFLyQ��NU��
$O�REMHWR�GH�FRQRFHU�FRQ�SUHFLVLyQ�HO�YDORU�GHO�IDFWRU�GH�FRUUHFFLyQ�GH�OD�(7F�HQ�ULHJR�SRU�JRWHR��(7FJ��HV�QHFHVDULR�UHDOL]DU�LQYHVWLJDFLRQHV�H[SHULPHQWDOHV� FRPR� ODV� UHDOL]DGDV� SRU� )HUHUHV� HW� DO��� ����� HQ�DOPHQGURV��

(7FJ� �(7F�[�NU�
)HUHUHV� UHVXPLy� OD� LQIRUPDFLyQ� GH� GLYHUVRV� H[SHULPHQWRV� UHDOL]DGRV�HQ�IUXWDOHV�MyYHQHV�EDMR�ULHJR�SRU�JRWHR�HQ�&DOLIRUQLD��SULQFLSDOPHQWH�HQ�DOPHQGUR�\�PHORFRWyQ��HQ�XQD�UHODFLyQ�JHQpULFD�HQWUH�HO��66�\�HO��� GH� OD� (7� UHODWLYD� UHVSHFWR� D� XQD� SODQWDFLyQ� DGXOWD� �)LJXUD� ����$GHPiV�GH�(��)HUHUHV��RWURV�DXWRUHV�KDQ�SURSXHVWR�GLVWLQWRV�PpWRGRV�SDUD�REWHQHU�ORV�YDORUHV�GH�NU��
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(VWRV�PpWRGRV� VXSRQHQ�TXH� D� HIHFWRV� GH� HYDSRWUDQVSLUDFLyQ� HO� iUHD�VRPEUHDGD�VH�FRPSRUWD�FDVL�LJXDO�TXH�OD�VXSHUILFLH�GHO�VXHOR�HQ�ULHJRV�QR�ORFDOL]DGRV��PLHQWUDV�TXH�HO�iUHD�QR�VRPEUHDGD�SLHUGH�HO�DJXD�FRQ�PHQRU�LQWHQVLGDG��
.HOOHU�\�.DUPHOL�SURSXVLHURQ�OD�HFXDFLyQ�VLJXLHQWH��

85SS%para
85
SS%

Kr <== �
85SS%para1Kr >= �

'HFURL[���
Kr =  0,1 +  SS   para   SS <   0,9 
Kr =  1    para   SS >   0,9 

66�HV�HO�VXHOR�VRPEUHDGR�H[SUHVDGR�HQ�IUDFFLyQ��(O�WpUPLQR�����WLHQH�HQ� FXHQWD� HO� HIHFWR� GH� OD�PLFURDGYHFFLyQ� TXH� HV� LPSRUWDQWH� FXDQGR��66�HV�SHTXHxR��
)UHHPDQ�\�*DU]ROL�SURSXVLHURQ�OD�HFXDFLyQ�VLJXLHQWH��

Kr  =   SS +  0,5 (1 – SS)  para SS > 0,5 
Kr  =   SS   para SS <  0,5 

'RQGH� 66� HV� VXHOR� VRPEUHDGR� H[SUHVDGR� HQ� IUDFFLyQ�� (VWD� UHODFLyQ�DVXPH� TXH� OD� HYDSRUDFLyQ� GHO� VXHOR� GHVQXGR� QR� FXELHUWR� SRU� ODV�SODQWDV�HV�XQ�����GH�OD�WUDQVSLUDFLyQ�GHO�FXOWLYR��&XDQGR�66�������VH�UHFRPLHQGD�KDFHU�.U� �66�SDUD�HYLWDU�YDORUHV�GHPDVLDGR�HOHYDGRV�GH�.U��
(MHUFLFLR�� ([SUHVDU� ODV� QHFHVLGDGHV� KtGULFDV� HQ� O�iUERO� \� GtD� GH� XQD�SODQWDFLyQ� IUXWDO� FRQ� XQ� ���� GH��66� D� XQ� PDUFR� GH� �� P� [� �� P��FXDQGR�OD�(7F�HQ�-XOLR�GH�XQD�SODQWDFLyQ�DGXOWD�HV�GH�����PP�GtD��
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