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Theta         Exchangeable bases
pF=4.2CECNaKMgCaAlFeP*PC/NNCpH*pH

%          meq/100g soil%%%ppm%%

Topsoil (0-10/20 cm)
16.117.10.370.366.05.90.150.34304.912.90.161.964.45.2Average
6.65.90.120.284.62.90.070.31152.13.20.050.720.40.5SD
4.86.40.090.070.62.20.050.0611.46.40.050.703.64.2Minimum

30.326.90.551.1917.713.20.341.52521017.40.263.955.16.3Maximum

Subsoil (30-70 cm)
18.217.90.430.108.23.60.120.21322.34.70.040.174.35.7Average
7.813.00.210.0711.13.50.060.22151.03.20.030.100.30.9SD
2.85.50.030.010.80.20.030.0100.31.00.010.023.54.1Minimum

31.145.30.930.2536.814.60.290.79593.613.50.120.364.87.1Maximum

pH*: pH(KCl); P determined in 0.025M H2SO4 (Morrison and Dandy, 1979); P* is P retention
Exchangeable cations and CEC determined in NH4Ac; Fe, Al determined in Tamm’s extract
Theta: volumetric moisture content at wilting point (pF=4.2)
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                   Nadi Airport                 Nadarivatu               Laucala Bay
RaindaysRainfallRaindaysRainfallRaindaysRainfall

182992056523308January
182862166721327February
193532370823377March
131801633622373April
8841216420233May
57199817173June
44878117153July
558811816132Augustus
790913417201September
9961013918209October

111391323618258November
141681836620275December

131187216736122323019Total
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Annual average: 1842 mm
Standard deviation: 445 mm
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Total number of days: 6483
Days without rain: 4150

1473
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Þ©à=Üoä�àOÛsÞÀÜoÞ©äaÛ	ÝRæoäïõ©ßqã Ý�Û!æ�Ý�Þ©àhöMÝ�õ©õ4ÞúÛ	ò	ÝRÞúàZõÀí�÷qÝ�éZÛsäqìQù)í�Ûsõ©ßqã ò#ßEå=Þ©àOêÓõeÝEæoê�äïÛs÷qÝRõ©ä�ãyäqÝEÜoèOä�æ
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ÝRæoß�éOàJì��Eñ	� 
�
#èAá
�������� ���������������! "���#�%$'&)(* '�,+-&"+.�0/
ýyèOä�ÝRàOà=éJÝRõ�Ýqå�ä�æ�Ý�ê�ä7Üoäaò#ëFä�æ�ÝEÜoéZæoä4ÝRÜwÜoèOä4ã1ÞúàOìhãyÝRæ�ì�ÛsÞúìhä7Þ©Û'ð21Zá 3=î�4'��á 5�ó7698iî;:7Ý�éZÛsß�æoÞ<�4ÞÀæ>=
ëFß�æsÜôàZäqÝRæ%?héZå�Ý@�BA�ñ�59CD�BA�ñ�AFE!8�ß�éZõ©Üoä¿æqçG�BA��F�qÝ�ó¿ç)ã1èOä�æoäaÝ�ÛôÜoèJÝRÜÁÝEÜôÜoèOäwõ©äaä�ãyÝRæ�ì!ÛsÞúìZäwÞ©ÛôÛsõ©Þúê�è)Üoõ©í
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èZÞúê�èOä�æ7ÝRÜ�ð�3=á 
hî�4'��á ð�ó 6 8 î;:7Ý�ìhÞo�4ÞÀæoëFßRæsÜp�BA�q�
BCG�BA�ñ�A0Er8�ß�éZõÀÜoä�æqçr�BA��0�qÝ�ó¿á�ý�äaò#ëFä¿æ�ÝRÜoéZæoä�Û4Þ©à
ÜoèZä�èZÞúê�èOõúÝ�àOìZÛ#ÝEæoä õ©ßqãyä�æ#ã1ÞÀÜoèQÝ�à+Ý�àZà=éJÝ�õ1Ýqå�ä¿æ�Ý�ê�ä�ß�ö,Ý�ùFß�éZÜ8ð2
há ñhî�4'��á 3�óa628 ÝRÜs:,Ý�ì=æ�Ý�é
îMäaõ©äaå�ÝRÜoÞ©ß�àïñ�ñ�ñ.ò�ç!�BA�ñ�ñtCG�BA���50E<8�ß�éZõ©Üoä¿æqçu�tA���1FEJÛsäaä7û@Þúê�éZæoä�ð)áv�7ö_ßRæ1õúß)÷aÝRÜoÞ©ß�àZÛ�ó¿çJÞ©ò#ëOõÀíhÞ©àOê.Ý�à
ÝRàOà=éJÝRõ�Ýqå�ä�æ�ÝRê�ä	Üoäaò#ëFä�æ�ÝEÜoéZæoä#õúÝ�ëZÛsä	æ�ÝEÜoä	ß�öQ3=á 3 6 8 ü=òxwuy�á{z ß�à=ÜoèZõÀí�Ýqå�ä�æ�ÝRê�äaÛ�ö_ßRæs:,Ý�é|=
ÛsßRæoÞo�4ÞÀæoëFß�æsÜqçG:7Ý�ìhÞ}�'Þ©æoëFßRæsÜ7ÝRàJìx:,Ý�ìhæ�ÝRéïÝRæoä�ÛsèOßqã1àïÞ©àÓû@Þ©ê�éZæoä.ð)á A���á�ýyèZä�æoä�ÞúÛ,Ý#ìZÞ©Û¼ÜoÞ©àO÷�Ü
ÛsäqÝRÛsß�àOÝ�õ�ëOÝRÜsÜoä�æoà�ã1Þ©Üoè�Ý.Üoäaò#ëFä�æ�ÝEÜoéZæoä,æ�ÝRàOê�ä�ßRö¬Ûsß�ò#ä@1�628lÝRÛ'ò#ß�à)ÜoèOõÀí8Ýqå�ä�æ�Ý�ê�äaÛ'ß�ö¬Üoäaòs=
ëFä�æ�ÝEÜoéZæoä�Þ©à�ÜoèZä7õ©ßqã1õeÝRàJìhÛ'æ�ÝRàOê�ä�öeæoß�ò ð�ð)á �a628�Þ©à�~�éZõÀí�Üoß!ð�qhá 3a698�Þúà�~�Ý�à=éOÝRæsí)á
ýyèZäÑìhÞ©éZæoàJÝRõ7÷aß�éZæoÛsäaÛ�ß�ö�Üoäaò#ëFä�æ�ÝRÜoéhæoäÓÝRÜ8ÜoèOäÓõúßqã1õúÝ�àOìlÛ¼Ü�ÝRÜoÞ©ß�àZÛïÝRæoäÓÛsèOßqã1àdÞ©àÕû@Þ©ê2=

éhæoä|ð)á A��4á<�iæ�ÝRëOÞúìïÞúàZ÷�æoäqÝRÛsä.Þ©à�Üoäaò#ëFä�æ�ÝEÜoéZæoä�öKæoß�ò ÝRà�äqÝRæoõÀí�ò#ßRæoàOÞ©àOê#ò#Þ©àZÞúò.éOò ßRöwð�ða628
Üoß�Ý�ò	Ý2�hÞ©ò|éZò6ÝRÜ�àOß)ß�à#ß�ö�ð�ñtChð�A 6 8+÷qÝRà#ùFä4ß�ùOÛsä�æoå�äqì�ç�öKß�õ©õ©ßqãyäqì	ù)í!Ý�ò|éZ÷¿è.Ûsõ©ßEã�ä�æyæoä�Üoéhæoà
Üoß8ÜoèOä!äqÝEæoõÀíÑò#ßRæoàOÞ©àOê�ò#ÞúàZÞ©ò|éOò ìZéhæoÞ©àOê�ÜoèZä#ÝRöeÜoä�æoàOß)ß�à�Ý�àOì/àOÞ©ê�è=Üqá!â,ß�éhæoõÀí/å�Ý�õ©éZäaÛ7ãyä�æoä
àZß�Ü,ÝEå�Ý�Þ©õúÝ�ùZõ©ä�öKß�æ,Ý�à)í�ßRö¬ÜoèOä�èOÞ©ê�èZõúÝ�àJì�Û¼Ü�ÝEÜoÞ©ß�àOÛ4ùOéhÜ,Ý!ÛsÞ©ò#Þ©õúÝRæ7ìZÞ©éZæoàOÝ�õ�ëOÝRÜsÜoä�æoà�çFÝRõ©ÜoèZß�éZê�è
ÝEÜ,õ©ßqãyä�æ,Üoäaò#ëFä�æ�ÝRÜoéhæoäaÛaçJ÷aÝ�à�ùFä�ä��hëFäa÷�Üoäqì�á'ýyèOä�ìZÞ©éZæoàOÝ�õ�æ�Ý�àOê�ä.Þ©Û4õeÝEæoê�ä�æ7Þúà�ÜoèZä�ìhæsí��aß�àZä�ç
ã1ÞÀÜoè�Ý|æ�Ý�àZê�ä�ß�öxñ)á 3�698dÝRÜQ:7Ý�ìZÞu�4ÞÀæoëFß�æsÜqçZÜoèJÝ�àïÞ©à ÜoèZä7ãyä�ÜQ�aß�àOä�çJã1ÞÀÜoè�Ý.æ�ÝRàOê�ä.ßRö�3=á q�628
ÝEÜ]:,Ý�éOÛsßRæoÞo�4ÞÀæoëFßRæsÜqá,ýyèZä|Ýqå�ä¿æ�Ý�ê�ä.ìOÝRÞ©õ©í ò#Þ©àOÞ©ò|éZò Üoäaò#ëFä�æ�ÝRÜoéhæoäaÛwö_ßRæ7ÜoèOä�÷aß�õeìhäaÛ¼Ü7ò#ß�à)Üoè
îe~�éZõÀíJóÁÝRæoä�ð2
há 1�698ÿÝEÜ���ÝRéO÷qÝRõúÝs�yÝaí)ç!�B�=á 5p698ÿÝRÜ�:,Ý�ìZÞG�4ÞÀæoëFß�æsÜ1ÝRàJì��t1há qp698�:7Ý�ìhæ�Ý�é�áÁýyèOä
èZÞúê�èOäaÛ¼Üxò#äqÝRà	ìOÝ�Þ©õÀí!ò	Ý9�hÞúò.éOòiÜoä�ò#ëFä�æ�ÝRÜoéhæoäaÛôß)÷a÷aéZæ�Þ©àa~�Ý�à=éJÝEæsí#ÝRàJì#ÝRæoäQ5�
=á 3 6 84ç050��á 3 6 8
ÝRàJì/ð�qhá q 6 8�ÝEÜ���ÝRéO÷qÝRõúÝ��yÝaí)ç<:7Ý�ìZÞr�4ÞÀæoëFßRæsÜ�Ý�àOì{:,Ý�ìhæ�ÝRéïæoäaÛsëFäa÷�ÜoÞ©å�äaõÀí+î;�'äqìOì=í)ç}�BA���A�ìOó¿á?)Ü�Ý�àJìZÝRæ�ì�ìhäaå=ÞúÝRÜoÞ©ß�àZÛ.ßRöwÜoèOä	Ýqå�ä�æ�ÝRê�ä8ìOÝRÞúõÀí/Üoäaò#ëFä�æ�ÝRÜoéhæoä�ç@ß�ùZÜ�ÝRÞúàZäqì/öeæoß�ò èOß�éhæoõÀíÑå�Ý�õ©éOä�Ûaç
æ�ÝRàOê�ä7öeæoß�ò���á 
�698ÿÜoß	ð)á 1�698�î;�7æoÞ©ÛsèOàOÝhç<�BA��0�Eó1ÝRÜ7:7Ý�ìZÞ<�4ÞÀæoëFßRæsÜqá
ýyèZä#Ý�àZà=éJÝ�õ@ÝEå�ä�æ�Ý�ê�ä|æoäaõúÝRÜoÞ©å�ä!è=éZò#ÞeìhÞÀÜ·í)çJß�ùZÜ�ÝRÞúàZäqìïöKæoß�ò ò#ß�à)ÜoèOõÀíïÝqå�ä¿æ�Ý�ê�ä�Û�ß�öyèZß�éhæoõ©í

æoäqÝ�ìZÞ©àOê�ÛaçZãyÝ�Û'ñ2AZî�45�ó>��ÝRÜ�:,Ý�ìZÞ��'ÞÀæoëFß�æsÜ�î��7ÝRùOÞÀÜoäaÛaç��BA�ñ�ñ�ówÝRàJì���1Oî�4�ð�ó>� ÝEÜ7��Ý�éZ÷qÝ�õúÝ'�yÝaí
îe�yÝRÛsèOä�æqçr�tA���q�Ý�ó¿á"z ß�à)ÜoèOõÀí�Ýqå�ä�æ�ÝRê�äaÛ7ßRö�èZß�éhæoõ©í æoäqÝ�ìhÞúàZê�Û'ãyä�æoä.àOß�Ü7Ýqå�ÝRÞúõúÝRùOõ©ä.öKß�æ@:,Ý�ìOÝEæoÞ�=
å�ÝRÜoélßRæx:7Ý�ìhæ�ÝRéAá â,ßqã�äaå�ä�æqç,Ý�àdäaÛ¼ÜoÞ©ò	ÝRÜoäïãyÝ�Û�ß�ùZÜ�Ý�Þ©àZäqìlù=íQò|éZõÀÜoÞúëZõÀíZÞ©àZê�ÜoèOä�ò#ß�à)ÜoèOõÀí
Ýqå�ä�æ�ÝRê�ä.ß�ö�ÜoèZä�æoä�õeÝEÜoÞ©å�ä|è=éOò#ÞúìhÞ©ÜÐí)çFÝRÛ7ò#äqÝ�Ûséhæoäqì�ÝRÜ�A0� 
�
�èÓÝEÜ@:7Ý�ìOÝRæoÞ©å�ÝRÜoé�î�û@Þ©ê�éhæoä#ð=áv�t
�ó¿ç
ÜoÞ©ò#äaÛ1ÜoèOä�æ�ÝRÜoÞ©ß	ß�öÁò#ß�à=ÜoèZõÀí Ýqå�ä¿æ�Ý�ê�ä�æoäaõúÝRÜoÞ©å�ä�è=éOò#ÞúìZÞÀÜÐí/îMèZß�éhæoõ©í�æoäqÝ�ìhÞ©àOê�Û�ó¿çOÜoß	ÜoèZä"AF� 
�
#è
ò#ß�à=ÜoèZõÀí�Ýqå�ä�æ�ÝRê�ä�æoäaõúÝRÜoÞ©å�ä�èhéZò#ÞúìZÞÀÜ·í ÝRÜ��Ý�éZ÷qÝ�õúÝ��yÝaí)á7ýyèZÞ©Û4æ�ÝRÜoÞ©ß8ÛsèOßqã1Û�Ý#ÛsäqÝRÛsß�àJÝRõôå�ÝEæoÞv=
ÝEÜoÞúß�àïæ�Ý�àOê�Þ©àOê#öKæoß�ò���á 
�ð!Þúà�~�éOàOä�Üoß���á 
�ñ#Þ©à � äa÷�äaò|ùFä�æ4ÝRàJì�ÝRëOëOõ©Þ©÷qÝEÜoÞúß�à/ßRöôÜoèOäaÛsä@�Jê�éZæoäaÛ
æoäaÛséZõÀÜoäqì Þ©à�ÝRàïÝ�àZàhéOÝ�õAÝqå�ä�æ�Ý�ê�ä7æoäaõúÝRÜoÞ©å�ä�è=éOò#ÞúìhÞ©ÜÐí	ß�ör��AZî�4�ð�ó>� ÝRÜ7:7Ý�ìOÝRæoÞ©å�ÝRÜoé�áz ß�à)ÜoèOõÀí%Ýqå�ä�æ�ÝRê�äaÛ.ß�ö1ÜoèOä�A0� 
�
ïè�æoäaõúÝRÜoÞ©å�ä8èhéZò#ÞúìZÞÀÜ·íÓÝEÜs:7Ý�ìZÞ��4ÞÀæoëFß�æsÜqç��AÝ�éO÷aÝ�õúÝ��yÝaí
ÝRàJì�:7Ý�ìOÝEæoÞúå�ÝRÜoédÝEæoä/ÛsèZßqã1à^Þ©àdû@Þ©ê�éhæoä�ð)áv�B
���á'ýyèOäÓå�ÝEæoÞúÝRÜoÞ©ß�àdùFä�ÜÐãyäaäaàlò#ß�à)ÜoèOÛ	Þ©Û õ©ßqã
ÝEÜ.ÜoèZä!ã1ÞúàOìhãyÝRæ�ì�ÛsÞúìZä�Ý�àOìÑÞ©à�ÜoèOä#èOÞ©ê�èOõúÝ�àOìZÛ�ã1Þ©Üoè�Ý�3tChñ�� ìhÞv��ä¿æoäaàO÷aä	ùFä�ÜÐãyäaä�à�ÜoèOä	ìhæsí
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ÛsäqÝ�Ûsß�à ò#Þ©àOÞ©ò.éOò�Ý�àOì#ÜoèZä4ã�ä�ÜwÛsäqÝRÛsß�à ò	Ý9�hÞúò.éOò�á�ýyèOä4ò#ß�à)ÜoèOõÀí	Ýqå�ä�æ�ÝRê�äaÛ1ÝEÜyÜoèOä4õ©äaä�ãwÝEæ�ì
ÛsÞúìZä�ÛsèOßqã Ý	ìZÞ©Û¼ÜoÞ©àO÷�Ü,ÛsäqÝ�Ûsß�àJÝRõÁëOÝRÜsÜoä�æoàïã1ÞÀÜoèÓÝ�à_�B��� ìhÞv��ä¿æoäaàO÷aä.ùFä�Ü·ã�äaäaàïÜoèOä�ì=æsíïÛsäqÝ�Ûsß�à
ò#Þ©àOÞ©ò|éZò ÝRàJì8ÜoèZä7ãyä�Ü'ÛsäqÝRÛsß�à�ò	Ý9�hÞúò.éOò�á
â,ß�éZæoõÀídÝqå�ä�æ�ÝRê�äaÛ�Ý�àJìlÛ¼Ü�ÝRàJìOÝEæ�ìdìZäaå=ÞúÝRÜoÞ©ß�àZÛ ßRö.æoäaõúÝEÜoÞúå�äÑè=éOò#ÞúìZÞÀÜÐí�ÝEÜx:7Ý�ìZÞ@�'ÞÀæoëFß�æsÜ

în�BA�q�
9CD�BA�q�A�ó�ÝRæoä|ÛsèOßqã1àÑÞ©à/û@Þúê�éZæoä8ð)á��t
��4á�ýyèOä.æoäaõúÝRÜoÞ©å�ä!è=éOò#ÞúìhÞ©ÜÐí�Þ©Û�èOÞ©ê�èOäaÛ¼Ü��·éOÛ¼Ü�ùFä�öKß�æoä
ÛséOàÓæoÞúÛsä�îeA�
k� ÝRÜ'qF� 
�
�èJó�Ý�àJì/ÛsèOßqã1Û|Ý8æ�Ý�ëOÞúì�ìhäa÷�æoäqÝRÛsä�Þ©àÑÜoèZä#ò#ß�æoàZÞúàZêZç�÷aß�æsæoäaÛsëFß�àJìhÞúàZê
ã1ÞÀÜoè�Ý�æ�ÝRëOÞúìÑÞ©àO÷�æoäaÝ�Ûsä#Þ©àÑÜoèOä.Üoäaò#ëFä�æ�ÝRÜoéhæoä�ç�ÜoßïÝ ò#Þ©àOÞ©ò|éZò ßRö�qk3���ÝRæoß�éOàJì/àOß)ß�à�ç¬ÝEöKÜoä�æ
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SDRgSDnr2SEbSEa

6.622.14.26.50.870.010.460.060.30December
5.723.93.47.80.850.010.480.050.29January
3.814.13.56.40.860.010.470.060.32June
3.415.53.17.30.830.010.440.060.34July

0.619.30.36.90.890.020.520.020.28Monthly average
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ß�àOõÀí�ÝEöKÜoä�æ�ÜoèZä	ÝRæsæoÞ©å�ÝRõ�ßRöyÜoèOäaÌôéZæoß�ëFäqÝ�àZÛ�ÜoèOÝRÜ�ÜoèOä	û@Þ �·ÞeÝRàOÛ�ò#ßEå�äqìïÜoß�èOÞ©õ©õ©Þúä¿æ!ÝEæoäqÝ�Û.ò#ß�æoä
Þ©àOõúÝRàJì�çEã1èZä�æoäÁÜoèZäôß�æoÞ©ê�Þ©àJÝRõ=å�äaê�ä¿Ü�ÝRÜoÞ©ß�à	îMÛsß�ò#äôö_ßRæoòÕßRöOä�å�ä�æoê�æoä�äaà�ùZæoß�Ý�ìZõ©äqÝEöZöKß�æoäaÛ¼ÜBE�ý�ãwíhöKß�æ�ì
ÝRàJì�Ú/æoÞúê�è)Üqçu�tA�qk3�ó1ãyÝ�Û4æoä�ëOõúÝ�÷aäaì ù)í�ÜoèZä�ëZæoäaÛsäaà)Ü'ÛoÝqå�ÝRàOàOÝ�èïÝRàJì êRæ�Ý�ÛsÛsõúÝ�àOì�å�äaê�ä�Ü�ÝEÜoÞ©ß�àïÝRÛ
Ý/æoä�ÛséOõÀÜ8ß�ö�ÛsõúÝ�ÛsèdÝRàJì+ùOéZæoàÿÝ�êRæoÞú÷�éOõÀÜoéZæoäÓÝ�àOìQ÷qÝEÜsÜoõ©äÓêRæ�Ý��aÞ©àZêZá �4äaò#àOÝ�à)ÜoÛ!ßRö7ö_ßRæoäaÛ¼Ü ÷aÝ�à
ùFä�ö_ß�éOàJì�ß�à�Ûsß�ò#ä|èOÞ©õ©õ©Ûsõ©ß�ëFäaÛ�ùZéZÜ7ò#ß�Û¼ÜoõÀí�Ý�õ©ß�àZê ëFä�æoä�àOàOÞúÝRõ¬Û¼ÜsæoäqÝ�ò#Û4Þúà�ÜoèOä.ìhæsíx�aß�àZä�á��4Û�ZæoäaÛwß)÷a÷aéhæsæoäqì ß�àZ÷aä7äaå�ä�æsí	ö_ä�ãdí)äqÝEæoÛ'Ý�öMÝRÞÀæoõ©í Û¼Ü�Ý�ùZõúä�ç|�Zæoä,æoäaÛsÞ©Û¼Ü�Ý�à)Ü'÷aõ©Þ©ò	Ý2�8å�äaê�ä�Ü�ÝRÜoÞ©ß�à èJÝ�Û
ìhäaå�äaõ©ß�ëFäaì�çJ÷�ß�àOÛsÞ©Û¼ÜoÞ©àOê	ò	ÝRÞúàZõÀí ßRöxêRæ�Ý�ÛsÛsäaÛ,Ý�àOì ö_ä�æoàZÛ.î � æsíhÛoìZÝ�õ©ä�Ý�àOìx�,ÝaãwÝ�þ=Ýhç}�tA���ñ�ó¿á'ýyèOä
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æoäaëFäqÝEÜoäqì ìhäaÛ¼ÜsæoéO÷�ÜoÞ©ß�à ß�ö¬ÜoèZä7å�äaê�ä�Ü�ÝRÜoÞ©ß�à ù)ía�OæoäaÛ1ÝRõúÛsß#÷aÝ�éOÛsäaì ìZä�ê�æ�Ý�ìZÝRÜoÞ©ß�àïßRö@ÜoèOä,Ûsß�Þ©õ©Û4ß�à
èOÞ©õ©õ©Ûsõúß�ëFäaÛ!ÝRàJì/æoÞúìhê�äaÛ.ù=íÑÝ�÷�÷aäaõúÝRæ�ÝEÜoäqì%ä�æoß�ÛsÞ©ß�à�áÓýyèOäaÛsä	Ûsäaå�ä�æoäaõÀí�ä�æoß=ìhäqì�ç@ÛsèJÝ�õ©õ©ßqã�Ûsß�Þ©õ©Û|ßRö
ëFß)ß�æ'Û¼ÜsæoéO÷¿ÜoéZæoä�ÝRàJì�öKä�æsÜoÞ©õúÞÀÜÐí�ÝEæoä�õúß)÷aÝ�õ©õÀí�÷qÝRõúõ©äqìkjPl�m�l�n.÷�Ù<l7Ûsß�Þ©õ©Ûaá
û@õúÝRÜ#ÜoßÓéOàOìZéOõúÝEÜoÞúàZêïÜoä�æsæ�Ý�Þ©àÿÞ©à�ÜoèOä�ìhæsí¬��ß�àOä ß�öQ�,ÞÀÜoÞ��Aäaå=é�Þ©Û#ëZæoäaÛsä�à=ÜoõÀí�ÝRõ©ò#ß�Û¼Ü	ä��0=

÷aõ©éOÛsÞ©å�äaõÀí%éZÛsäqì�ö_ßRæ!ÜoèOä8÷aéOõÀÜoÞ©å�ÝRÜoÞ©ß�à+ß�ö4ÛséOê�ÝRæ#÷qÝRàOä�á¹:,äqÝEæ!å=Þ©õúõúÝRê�äaÛ	ÝRàJì%ß�à%ÜoèOä8ùJÝRàOü=Û|ßRö
æoÞ©å�ä�æoÛ�ÝRàJìïÛ¼ÜsæoäqÝ�ò#Û7Ý�å�ÝRæoÞ©ä�Ü·í�ß�ö�æoß)ßRÜ�÷�æoß�ëOÛ#î-×BØ Ù�á�÷qÝRÛsÛoÝqå�Ý=çAí=ÝRò#ÛaçFÜ�ÝRæoß�ó¿ç�å�ä�ê�ä�Ü�ÝRùOõ©äaÛ#î-×BØ Ù�á
÷qÝ�ùZùJÝRê�ä�ç=Üoß�ò	ÝEÜoß)äaÛ�ó�ÝRàJì!öKæoéZÞ©ÜoÛ�î-×BØ Ù�á=ò	Ý�àOê�ßZç=ùOÝ�àJÝRàJÝ=çZëZÞ©àOäqÝRëOëOõ©äEóÁÝRæoä4÷aéOõÀÜoÞ©å�ÝEÜoäqì	Þúà	Ûsò	ÝRõúõ
ëOõ©ß�ÜoÛaçhò#ß�Û¼Üoõ©í#öKß�æ'ìhß�ò#äaÛ¼ÜoÞ©÷,éZÛsä�á���ÝEæoê�ä�æ1Ûs÷aÝ�õ©ä�Ý�êRæoÞú÷�éOõÀÜoéZæoä7Þ©Ûwõ©Þ©ò#ÞÀÜoäqì	Üoß�ÜoèOä4ùZæoß�Ý�ì�å�Ý�õ©õ©ä�íhÛ
Ý�àOì�³Oß)ß=ìÓëZõúÝ�Þ©àOÛ7ßRö�ÜoèZä.õúÝRæoê�ä�æ�æoÞ©å�ä�æoÛ!î-×BØ Ù	Øg?hÞ©ê�ÝRÜoß�ü�Ý8Ý�àJì�:,Ý�ìZÞ@æoÞ©å�ä¿æoÛ�ó¿á'?hÞ©àO÷aä�ÜoèOäa�BA�3�
�Ûo ÷'prq3naøDl�s-÷utDl	×Ll8ëZõeÝRà)Ü�ÝRÜoÞ©ß�à�öKß�æoäaÛ¼ÜoÛ.èJÝqå�ä#ùFäaäaàÑäaÛ¼Ü�Ý�ùZõúÞ©ÛsèZäqì�ß�à�ÜoèZä#ò#ß�æoä#Û¼ÜoäaäaëZõÀí�Ûsõ©ß�ëZÞúàZê
ê�æ�ÝRÛsÛsõeÝRàJì#ÝEæoäqÝ�ÛxÞúà.ÜoèOä1ìhæsí'�aß�àOäaÛÁß�ö��4Þ©ÜoÞ|�Aä�åhé!Ý�àJì'��ÝRàhéOÝ�Aä�åhé�ç�ã1èZÞ©÷¿è!ã�ä�æoä1àOß�ÜÁÛséZÞ©Ü�ÝRùOõ©ä
ö_ßRæ7ÜoèOä.÷aéOõÀÜoÞ©å�ÝEÜoÞ©ß�àÓß�öxÛséOê�ÝEæ�÷qÝ�àZä�á"�yÜ7ëhæoäaÛsäaà)Ü7ÜoèOä�Üoß�Ü�ÝRõÁÝRæoäqÝ8éOàJìhä�æ7ëZõúÝ�à)Ü�ÝRÜoÞ©ß�àÓß�à{�,ÞÀÜoÞ�Aäaå=é�ÞúÛ4ð25hç ð�5�
	èOÝ�îwv�Ý�ùOÝ�ü=ÞMçu�tA�AF�qó¿á
ýyèOä8ê�æ�ÝRÛsÛsõúÝ�àJì%å�ä�ê�ä�Ü�ÝEÜoÞúß�à�ÞúÛ.ß�öeÜoäaà+ìZäaàZÛsä�á/ýyèOä8ìZß�ò#ÞúàOÝ�à)Ü�ÛsëFäa÷aÞ©äaÛ!Þ©Û.ò#ÞúÛsÛsÞ©ß�à%ê�æ�Ý�ÛsÛ

î o ×?p@pD÷wn�×?j�q3xWy)zem {>nDjPlkøa|3{ez�p=ó�ã1èOÞ©÷�è�ãwÝ�Û¬Þ©à)Üsæoß=ìZéZ÷aäqì�ù)í�ò#Þ©ÛsÛsÞ©ß�àJÝEæoÞ©äaÛôÝ�àOì�Ûsß�õúìZÞ©ä�æoÛaá�z Þ©ÛsÛsÞ©ß�à
ê�æ�ÝRÛsÛ.÷qÝRà�æoäqÝ�÷�è%èOä�Þúê�è)ÜoÛ�ßRö'éOë/ÜoßÓð ò ÝEÜ.ÜoèZä#äaàJì/ß�öwÜoèOä#êRæoßqã1ÞúàZê�ÛsäqÝ�Ûsß�àQÝRàJìÑÞ©Û�ß�öeÜoäaà
Ý�ÛsÛsß)÷aÞúÝEÜoäqì�ã1ÞÀÜoè�ùhæ�Ý�÷�ü�äaà7ö_ä¿æoà#îO}@÷eø-s~l�p�z?yrj�×?s®÷wn�m ÷wp�×Ll�s-÷wn·ó¿çEÛsäaàZÛsÞ©ÜoÞ©å=ÞÀÜ·í,ê�æ�Ý�ÛsÛ�îO��÷wxMz>n-l�y7q@��÷eøDlqó
Ý�àOì#ã1ÞÀæoä4ê�æ�Ý�ÛsÛ�î~��y)z�sLzetaz�m q)nQ÷wp��2÷eø-q3n�ç��!Ø��UlkøD�-qD×?xMz>prj;÷¶÷úó¿áÁýyèZä7ÝRÛsÛsß)÷aÞúÝRÜoÞ©ß�à�ßRö�ÛsëFä�÷aÞ©äaÛwÞ©à	ÜoèZä
ê�æ�ÝRÛsÛsõeÝRàJìÓå�äaê�ä¿Ü�ÝRÜoÞ©ß�àÓß�öeÜoäaàÓæoä®³Jäa÷�ÜoÛ7ÜoèZä.Ûsß�Þ©õxþ)éOÝ�õ©ÞÀÜ·í�ÝRàJì�ò#ß�Þ©Û¼ÜoéZæoä�Û¼Ü�ÝRÜoéZÛaç�ã1ÞÀÜoè/ò#ÞúÛsÛsÞ©ß�à
ê�æ�ÝRÛsÛyùFäaÞ©àOê�æoäaëOõúÝR÷aäqì	ù=í.ö_ä�æoàZÛyß�à8ëFß)ß�æyÛsÞ©Üoä�Û7î~jPlem�l�n.÷�Ù<lqó¿ç=ã1èZä�æoäqÝ�Ûyæoä�äqìZÛ�Ý�ëOëFäaÝRæwß�à�ÛsÞÀÜoäaÛyßRö
ùFä�ÜsÜoä�æ'þ)éJÝRõ©Þ©ÜÐí)á
ø,à�æoÞúìhê�äaÛaçZã1èOä�æoä�Ûsß�Þúõ©Û4ÝRæoä�Ûsäaå�ä�æoäaõÀí�ìZäaêRæ�Ý�ìZäaì�çZÛsèJÝ�õ©õ©ßqã�ÝRàJì ßRöKÜoäaà�ìhæsí)ç)ÜoèOä,ê�æ�Ý�ÛsÛsõúÝRàJì

å�äaê�ä�Ü�ÝRÜoÞ©ß�à8÷aß�àOÛsÞ©Û¼ÜoÛwß�ö�õúä�ÛsÛ1ìZäaàZÛsä,Û¼Ü�Ý�àOìZÛyßRö@ùhæ�Ý�÷�ü�äaà	ö_ä�æoàÓî o j�×?s-÷u��÷'q)x ×?n�ø-q)m�×?p@j�q)x.ç+}÷eø-sLl��p�z?yrj�×?s®÷wn�m ÷wp�×Ll�s-÷wn·óyÝ�àOì�ÛsëJÝEæoÛsä�ò#Þ©ÛsÛsÞúß�à êRæ�Ý�ÛsÛ1ã1Þ©Üoè�Ûs÷qÝRÜsÜoä¿æoäqì�8yÝ�ÛséOÝRæoÞ©àJÝ�ÜsæoäaäaÛ�îJ�bl�nDq@l�s®÷'p�l×L�-qF÷'nt×?j;÷ ùJzem ÷ulqó¿á Ë à�ÝRæoäaÝ�Û�ã1èOä�æoä#ÜoèOä|Ûsß�Þ©õ©Û!ÝRæoä	ìhäaäaëFä�æ.ÝRàJì/æoäaò	ÝRÞ©àÑò#ß�Þ©Û¼Ü�ö_ßRæ|õ©ß�àOê�ä¿æ|ëFä�æoÞ�=
ß=ìZÛ4ß�öÁÜoÞúò#ä8îMä�á êZá7ê�éOõ©õ©Þ©äaÛ�ÝRàJì�ö_ß)ßRÜoÛsõúß�ëFäaÛ�ó,ÜoèOä�å�äaê�ä�Ü�ÝRÜoÞ©ß�à/÷�èJÝRàOê�ä�Û,Üoß	å�ä�æsí�ìhäaàOÛsä�Û¼Ü�Ý�àOìZÛ
ß�ö4ò#Þ©ÛsÛsÞúß�àQêRæ�Ý�ÛsÛ	ÝRàJì�æoäaäqìhÛ�îO��÷wn®øDl�prj'|Gq)n���z�s-÷u��q)m q3n·ó¿çyÝRÛsÛsß)÷aÞúÝRÜoäqìQã1ÞÀÜoè+ê�éOÝEå�Ý%î o n.÷u�2÷wq3xÙ�q@l_�Ul��>lqó¿çô÷�õúÞ©ò.ùFä�æoÛ	îO��÷\�el�p|÷ul`xp÷eø-s~l�prj'|@lRç o l�nDn.÷ ��z�s~lpùJz9×?j;÷u�elqó�ÝRàJìÑß)÷�÷qÝ�ÛsÞ©ß�àOÝ�õyÜsæoäaä#öKä�æoàOÛ
îJ��{<l>j'|D×LlBm q3p�l�m�l�jPlqó¿á
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DecNovOctSepAugJulJunMayAprMarFebJan

167.1126.3114.282.8982.1961.0777.3879.98165.5273.4297.3265.1Precipitation (mm)
1.20.90.91.01.21.31.41.61.71.71.51.3Grass height (m)
603020203040709010010010080Live grass (%)

�'Û|Þ©àJìhÞ©÷qÝRÜoäqì+Ý�õÀæoäqÝ�ìhí)çôæoäaò#àOÝ�à)ÜoÛ.ßRö,Þ©àOìZÞ©ê�äaàZß�éZÛ|ö_ßRæoäaÛ¼Ü	ÝRæoä8ö_ß�éOàJì�ÝRõúß�àOêÓÜoèOä	Û¼ÜsæoäqÝ�ò
÷�èJÝRàOàOä�õúÛwßRö�ÜoèZä,õúÝRæoê�ä�æ'÷�æoäaäaü=Ûyã1èOä¿æoä7ò#ß�Þ©Û¼ÜoéZæoä4Þ©Û1ÝEå�Ý�Þ©õúÝ�ùZõ©ä�Ý�õ©õ�í�äqÝRæyæoß�éOàOìÓî � æsíhÛoìZÝ�õ©ä7ÝRàJì�4ÝaãwÝ�þ=Ý=çF�tA���ñ�ó¿áôýyèZäÁå�äaê�ä�Ü�ÝEÜoÞ©ß�à�Þ©àO÷aõ©éJìhäaÛ�àOÝRÜoÞ©å�ä¬ÜsæoäaäaÛÁî-×BØ Ù	Ør�bl�nDq@l�s-÷wp�l�p7zU��÷ ��z�s~l�ç<}E{>n-zJ��{e�m q3x�s-÷eøa|0÷�÷_çg��{�s-÷wnDj;÷eøDl�øDl�nDjPl�p�×®÷ ùJzem ÷ul�ç��hm�×?s-÷wj�×?n�xizem q|ø-øDl�p7l�ç���÷wn®øa|@z~�Xl��Jl��>l�pD÷;øalRç o l�s-÷wp�l�s-÷ul÷wp@nDq@m�l>s?q3pOçg�ap7zBøal>sOy7q3n%ùJlBÙ�÷ ùB×?saq3noç o s>×?xMl�jPl�÷wj�×?p@n.÷wnoç��ap@j�n-÷�l`t�÷ �-q�Ù<l�ç o zU�<zBøDl�sPy7q3nip�×?s-÷¶÷ ùJz�m ÷wq3n�ç�bz�x�xa×?san?z�pD÷ul{×>øa|0÷wp7l�jPl�ç��hm najPz>pD÷ul`�B÷wj;÷�×?p@n.÷wnoç��}×?q|ø-×?pD÷ul�Ùem�l�q|øDl#Ý�àOì^��{el�j'|D×Ll�m q3prq)m�l�jPlqó7ÝRÛ
ã�äaõ©õFÝ�ÛwìhäaàOÛsä1éZàJìZä¿æoê�æoßqãwÜoè#ß�öAê�æ�ÝRÛsÛsäaÛaç=ö_ä�æoàZÛaç=÷aõ©Þúò.ùFä�æoÛaç�ã�äaäqìZÛ4î-×BØ Ù	Ør��m�×Oy@|@l>prjPz?y7q3nhxMzemwm ÷'n�ç� s.×?p7lim�z<tDl�jPl�çr �{?y7j;÷'nXy|×>ø-j;÷wp7l�jPl�ç¢¡u÷'j�×L�ij�s-÷ ùJz�m ÷ul�ç)}�zU�<z�p!×Dl��B÷'n�øDz�n?l�ç7}"×.øDl�nuy|×?sax�q3x ù?s~lkø-j;÷eøDze�nDq3x�ówÝ�àOì�ùZéOÛsèOä�Û�î-×BØ Ù	Ø o n-÷���÷wq3x*Ù�q@l_�Ul��>l�ç o ÷ y|×?sExMlkø�Ù�÷�mwm ÷'�UsLl�{2÷_ç o l>p��<l�p@q3nEj�×.ø-jPz>s®÷wq3n·ó¿áz Þ©ÛsÛsÞ©ß�à	êRæ�Ý�ÛsÛÁÛsèOßqã1Û�Ý4Û¼Üsæoß�àOê�ÛsäaÝ�Ûsß�àOÝ�õZùFäaèJÝqå=Þ©ß�éZæôã1ÞÀÜoè#ÝR÷�ÜoÞ©å�äwê�æoßqãwÜoè	ìZéhæoÞ©àOê4ÜoèZäyãyä�Ü
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æ�ñ�ñ�ú�Ó�Æ[Ä6�OöUÇ!Ë�Õ�Í�Æ�ÊWÈ~Ç!Ô�öOÄ�ÏWÇ�Ë%ÓKÊWÇ�Ò�ÏOÓ�Ø�Ä�Ç!ÔÞé�ñjË$ÒÆ[Í�Õ�ÆWÓ�Ë$Ø�É~ÅRÆ�ÇKÎeÌ�ÏL÷òßPä�ñ å �,à Æ[Ç�È~É�ÒKÏWÇ!Í�Ô�Ì�ÈÖÔåÓ&Ë$Ç�Ï[ÊOÓKÏ ÊWÇ3Ó&Ø�Ó2Ï[ÊWÈ�öUÉÖÅ�Æ[ÈC	RÅ|Ç�Î�+!ñ1G)æ�ñ&ÿèË|Úÿ;Í�Ø�É~È�ö_ÓKÊWÅ6Ë$Å_ÓKÆ[Í�ÏWÅRË$ÅUÔ�ÊWÆ,Ð�ÅUÏWÅ Ë%Ó�Ì�ÅeÎEÇKÏ�ÊWÄ�ÅiÆ[Ç�È~ÉÖÆ�ÎYÏWÇ!ËrÊWÄ�Å6Ò�ÏOÓKÆ[Æ[ÉÖÓ�Ô�Ì&Ó�Ô�ÌgÎEÇKÏWÅRÆ�Ê;Ø�ÉÖÇKÊWÆRÚù]Ä�ÅUÏWÅ&Ð]Ó�Æ�Æ[Ç!Ë$Å&Ì�È��MöRÍ�É×Ê_÷ÞÈÖÔðÄ�Ç!Ë$Ç�Ò!ÅRÔ�È 	UÈÖÔ�Ò0ÊWÄ�ÅjÆWÓ�Ë$Ø�ÉÖÅUÆgÓKÔ�ÌðÌ�Í�Å(ÊWÇ<ÊWÄ�ÅjÆ[Ë%Ó�É~É�Æ[ÈC	RÅÇKÎ]ÊWÄ�Å Æ[Í�Õ�ÆWÓKË$Ø�É~Å ÏWÅUÉuÓ2ÊWÈ~Ñ�ÅRÉò÷3ÉÖÓ2ÏWÒ!Å%Ì�È�qxÅUÏWÅUÔröRÅRÆ;Ð�ÅUÏWÅQÆ[Ç�Ë$ÅUÊWÈ~Ë$ÅRÆeÇ!Õ�Æ[ÅUÏWÑ�Å_ÌjÕ>ÅUÊ^Ð�ÅRÅRÔ&ÊWÄ�ÅRÆ[ÅÏWÅRØ�É~È�öRÓKÊWÈ~Ç!Ô�ÆRÚ�ù]Ä�Å$ÓKÕ�Æ[Ç�ÉÖÍ�ÊWÅ$ÅUÏ[ÏWÇ�Ï6È~Ôe-�óùÐ]Ó�ÆeÅRÆ�ÊWÈ~Ë%Ó2ÊWÅ_Ì3Ó2Êiñ�Ú ñ!ñ�ä.-�Ó�Ô�Ì&ÊWÄ�ÓKÊeÇKÎ<-c�ÓKÊñ�Ú�ãn?�-�Úù]Ä�Å����"�	Ó�Ô�Ì|ÅX0@öOÄ�ÓKÔ�Ò�Å_Ó�Õ�ÉÖÅ6Õ�Ó�Æ[ÅRÆiß�ó;Ó3é7üié��]Ó3é5øgÒ�àfÇ�ÎpÆWÓKË$Ø�É~ÅRÆKöRÇ!É~É~ÅJöUÊWÅ_Ì|ÎuÏWÇ!ËIÊWÄ�ÅÆ[Ç�ÈÖÉ8Ø�È×ÊWÆ;Ð�ÅUÏWÅ%Ì�ÅUÊWÅGÏWË$ÈÖÔ�Å_Ì(ÐfÈ~ÊWÄkõ�Ò$�MÊWÄ�È~Ç!Í�ÏWÅRÓ"ßuõ�Òeù���éèñ�Ú ñ3ã�óeà�Ó>öJöRÇ�ÏOÌ�È~Ô�ÒgÊWÇgÊWÄ�Å�Æ[È~Ô�Ò�É~Ån�Ån0�Ê[ÏOÓ>öUÊWÈ~Ç!ÔgÊWÅJöOÄ�Ô�È�ô�Í�Å�Ø�ÏWÇ!Ø>Ç!Æ[ÅRÌgÕG÷O��Ä�Ä�ÓKÕ�ÏOÓI�GF]L � � ß~ã_äeäeæ�à�ÓKÔ�Ì � É~Å-÷�Æ[È~ÅUÏ;ÓKÔ�Ì)|!Í�Ç(ß~ãRäBA!ñ!àGÚù]Ä�Å�ÏWÅRÆ[Í�É×ÊWÆeÇKÎ]ÊWÄ�È~Æ;Ë$ÅUÊWÄ�Ç�Ì"Ó2ÏWÅiöRÇ�Ë$Ø�ÓKÏOÓKÕ�É~Å�ÊWÇ�ÊWÄ�Ç!Æ[Å�Ç�Î�ÊWÄ�Å�öRÇ�Ô�Ñ�ÅRÔ�ÊWÈ~Ç!Ô�ÓKÉ8Ó�Ë$Ë$Ç!Ô�È~Í�Ëc�Ó>öRÅUÊOÓKÊWÅ$ß�ó�4��n;hõhö_àwË$ÅUÊWÄ�Ç�Ì(ß�Ñ�Ó�ÔZP�ÅUÅRÍ�ÐfÈ û_þ�é�ãRäBA<ä�àGÚD4�Ç_Ð]ÅRÑ!ÅUÏUé�Ì�Í�Å�ÊWÇ�Ø�ÏWÇ!Õ�É~ÅRË$Æ]ÐfÈ×ÊWÄ%ÊWÄ�ÅÆ�ÊOÓKÕ�È~É~È~ÊO÷�Ç�ÎÝÊWÄ�ÅEõ�Òeù�� öUÇ!Ë$Ø�É~Ån0jß�Ø>ÅGÏWÆRÚ@öUÇ!Ë$Ë|ÚGÿ�Ï_Ú���Ú õiÚ |�Úrõ�Ø�Ø>ÅRÉ~Ç�à8ÊWÄ�È~Æ,Ë$ÅUÊWÄ�Ç�Ì$Ð,ÓKÆ,Ô�Ç�ÊÍ�Æ[Å_Ì�ÎYÇ�Ï�ÊWÄ�Å;Æ[Ç�ÈÖÉèÆWÓ�Ë$Ø�ÉÖÅUÆKöUÇ!É~É~ÅJöUÊWÅ_Ì|È~ÔdãRä!ä3ã!Ú
�F0)öGÄ�Ó�Ô�Ò!Å_ÓKÕ�É~Å�ö_ÓKÊWÈ~Ç�Ô�ÆwÓKÏWÅ�öRÇ�Ô�Ñ!ÅRÔ�ÊWÈÖÇ�Ô�ÓKÉÖÉò÷iÅn0�Ê[ÏOÓ�öGÊWÅ_Ì�Í�Æ[È~Ô�Ò;Ó;ñ�Ú�ãhø�ó�4��Y;Kõhö]Æ[Ç�É~Í�ÊWÈ~Ç!ÔÓ�Ì>û�Í�Æ�ÊWÅ_Ì;ÊWÇ�Ó�Øi40Ç�Î7ä,ÕG÷;Ó!Ì�Ì�È~Ô�Ò<4]��É�ß}aèÓ�Ô�Ì�Ç!Ô5éGã_äBA$?iN�Ñ�Ó�Ô]P�ÅRÅRÍ�ÐfÈ û~þ�é3ã_ä>A<ä�àGÚ�4�Ç_Ð]ÅRÑ!ÅUÏUé_ÊWÄ�Åó�4 � ;Kõhö8Ë$ÅUÊWÄ�Ç�Ì6Ó�É×ÊWÅUÏWÆãÊWÄ�Å�Ø�4�éRÊWÄ�ÅGÏWÅRÕG÷iÓ$qxÅJöUÊWÈ~Ô�Ò�ÊWÄ�Å8Ån0)öOÄ�Ó�Ô�Ò!Å#öRÓ�Ø�Ó>öRÈ×Ê_÷6ÇKÎ�ÊWÄ�ÅwÆ[Ç!È~É�é�ÓKÔ�ÌÏWÅRÆ[Í�É×ÊWÈÖÔ�Ò%ÈÖÔ(É~ÅRÆ[Æ�ÏWÅ_Ó�É~È~Æ�ÊWÈ�ö Ñ�Ó�É~Í�ÅRÆ�ÇKÎ8Ån0)öGÄ�Ó�Ô�Ò�Å_Ó�Õ�É~Å Õ�Ó�Æ[ÅRÆ�Ó�Ô�Ì����"�:ÈÖÔjÓ>öRÈÖÌ(Æ[Ç!È~É~Æ�ßPè�ÊWÍ�Ë$ËÓKÔ�Ì1øgÇ�ÏWÒ!Ó�Ô5é�ã_ä>A)ã_àGÚe�TÊQÓ�É~Æ[Ç&Ån0)öRÉ~Í�Ì�ÅUÆ ÊWÄ�Å�Ì�ÅUÊWÅUÏWË$È~Ô�Ó2ÊWÈÖÇ�Ô�Ç�Î�Ån0)öGÄ�Ó�Ô�Ò�Å_Ó�Õ�É~Å[ó�4���Úkù]Ä�ÅÓ�Ì�Ñ�Ó�Ô�ÊOÓ�Ò�ÅRÆ�ÇKÎwÊWÄ�Å�è�ÏX��É � Ån0�Ê[ÏOÓ�öGÊWÈÖÇ�ÔjË$ÅUÊWÄ�Ç�Ì(Ì�ÅRÆLöUÏWÈ~Õ>Å_Ì(Õ>ÅRÉ~Ç_ÐIß�Ø>ÅUÏWÆRÚ�öRÇ�Ë$Ë|Ú7ÿ�Ï_Ú���Ú õ6Ú |�Úõ�Ø�Ø>ÅRÉ~Ç�àfÈ~ÔröRÉ~Í�Ì�ÅiÊWÄ�Å Ø>Ç�Æ[Æ[È~Õ�È~É~È~ÊO÷&Ç�ÎwË$Å_Ó�Æ[Í�ÏWÈÖÔ�Ò�Ó�Ë$Ç!Í�Ô�ÊWÆ�Ç�ÎwÅn0)öOÄ�Ó�Ô�Ò!Å_ÓKÕ�É~Å�ó�4 � é>ÐfÄ�ÅUÏWÅ_ÓKÆÊWÄ�ÅQÌ�Å-öUÏWÅ_Ó�Æ[Å È~Ô"Æ[Ç�ÈÖÉ8Ø�4ùÌ�Í�Å6ÊWÇ�ÊWÄ�ÅiÅn0)öOÄ�Ó�Ô�Ò!Å Ç�Î]Ø�ÏWÇ�ÊWÇ�Ô�Æ�ÎYÇ�Ï�è�Ï ��� È~Ç�Ô�ÆeË%ÓJ÷(ÓKÉÖÆ[ÇgÇGöJöRÍ�ÏÍ�Ô�Ì�ÅGÏfÔ�ÓKÊWÍ�ÏOÓ�É5öRÇ!Ô�Ì�È×ÊWÈ~Ç!Ô�Æiß¡� � ¢�� ÓKÎuÊWÅUÏfÎEÅUÏ[ÊWÈ~É~ÈC	RÈ~Ô�Ò%Ç�Ï�Ä�ÈÖÒ�ÄgÆWÓKÉ~Ê�È~Ô�Ø�Í�ÊWÆOàGÚ
�F0)öGÄ�Ó�Ô�Ò!Å_ÓKÕ�É~Å`ö_Ó2ÊWÈÖÇ�Ô�Æ�Ó�Ô�ÌHó�; u Ð�ÅUÏWÅ|Ån0�Ê[ÏOÓ�öGÊWÅ_Ì�ÎuÏWÇ!Ëê?&Ò3Æ[Í�Õ�ÆWÓ�Ë$Ø�É~ÅRÆQÇ�Î�öUÏWÍ�Æ[Ä�Å_Ìß�Ø�ÓKÏ[ÊWÈ�öRÉ~Å�Æ[ÈC	RÅ�f�é6Ë$Ë�à?é�Ì�ÏL÷|ß}9�ñ å �,àwÆ[Ç�È~ÉïÚXù]Ä�Å�Ån0�Ê[ÏOÓ�öGÊWÈÖÇ�Ô�Ð]Ó�Æ,Ì�Ç!Ô�Å�È~Ô%ÊWÄ�ÏWÅRÅ�Æ�ÊWÅRØ�ÆRÚD�8Ó�öOÄÆ�ÊWÅRØ�öRÇ�Ô�Æ[È~Æ�ÊWÅ_ÌjÇ�ÎwÓ!Ì�Ì�È~Ô�ÒFãRñ�Ë$ÉèÇ�Î#è�ÏX��É � Æ[Ç�ÉÖÍ�ÊWÈ~Ç!ÔåßPæ�ñ%Ë$ÅUô�É5� M àfÊWÇ$ÊWÄ�ÅiÆ[Ç!È~ÉpÓKÎuÊWÅUÏ;ÐfÄ�È�öOÄÊWÄ�Å�Ë$È�0�ÊWÍ�ÏWÅ�Ð]Ó�ÆfÆ[Ä�Ó>þ�ÅRÔ%ÎEÇKÏ�Ç�Ô�Å;Ä�Ç!Í�ÏUé@öUÅRÔ�Ê[ÏWÈ~ÎYÍ�Ò�Å_ÌgÓ2Ê<+!ñ!ñ�ñ ÏWØ�ËµÎEÇ�Ï�ãUæiË$È~Ô�Í�ÊWÅRÆ,ÓKÔ�Ì$ÊWÄ�ÅöRÉ~Å_Ó2Ï;Ån0�Ê[ÏOÓ>öUÊ�öRÇ�É~ÉÖÅ-öUÊWÅ_Ì(È~ÔjÓ%Ò�ÉÖÓ�Æ[Æ;Æ�ÊWÇKÏOÓ�Ò!Å Ñ�ÅRÆ[Æ[ÅRÉ�Úhù]Ä�Å6ÊWÇ�ÊOÓKÉÙÅn0�Ê[ÏOÓ�öGÊ�Ð]Ó�Æ�Ð�ÅRÈ~Ò!Ä�Å_Ì0ßïÓKÎYÊWÅGÏ
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¥"¦[§�¨ Ô �A@¼�6� ª Ï5ËbãYÌ�ÆOÆXãg�6ÆXãHÈnÈ1Ï8É[Ë=ÎYÉ�Ë�È1Ò{Ì�ËÒ8È��	��
���ïÌ�ËkÝhÈ1ÒgÌ[Ò�Ï�È1ÒÓÏ8Î1ÈoÆXãHÑ¼Ì�ÒÓÏ5Ë�� ÎYÉ[ËbÎYãHËÒ�ÆnÌ��
ÒÓÏ8É�Ë`È]É¡ó!ãXö*ÎY��Ì�Ë*�iãYÌiàHÑ×ã��ZÌ�
ÝB�
 Å Ì)Ì�ËkÝ Ü �ZÌ�È!ÝiãHÒ{ã$Æ1�)Ï5ËkãnÝW�VÏ5Ò5�OÒ5�`ã ß Æ Å Ñ �,�Oã$Ò}��ÉBÝ,Ò{É
Ò}��É�ÈHã�É
ó]Ò}��ã� ð�� ����Î��IãHÒ}��ÉBÝoÌ�ËbÝ Ø�Õ�ä Ô Ø Ô$Ú ºX¦ �W�b�`ã!ÆnÌ�Ë���ãHÈFóHÉ[Æ]�E�*Ï8ÎY�IÒ}��ã�ÎYÉ�Ë`ÈYÒ{Ì�ËÒ8È
ÌYÊ6ÊbÑ ÇsÌ�ÆXã��6Ï5«.ã$Ë�Ì�È,�<ãHÑ5Ñ×�

   Range [meq/100 g soil]F-rationCDSEbSEaSpecies
NH4AcSrCl2

Independent SrCl2 method, dependent NH4Ac method
0.07-0.220.02-0.093.0970.660.0360.0120.5581.726Na
0.04-0.180.02-0.064.9670.830.020-0.0090.6022.988K
0.10-1.920.10-0.925.2270.850.2970.1550.3641.900Ca
0.15-7.200.20-3.846.4270.891.0090.0440.2931.880Mg

Independent NH4Ac method, dependent SrCl2 method
0.07-0.220.02-0.093.0970.660.0170.0160.1230.380Na
0.04-0.180.02-0.064.9670.830.0060.0100.0560.278K
0.10-1.920.10-0.925.2470.850.1440.0010.0850.445Ca
0.15-7.200.20-3.846.4270.890.5070.1440.0740.475Mg

3�É×ÊWÅUÏWÈ~Ô�Ò(Í�Æ[È~Ô�Ò&Ó(ñ�Ú ?Gæ|ÿAË øgÈÖÉ~É~È~Ø>Ç�ÏWÅZ3�É×ÊWÅUÏ�ÐfÄ�ÅRÔ0Ô�Å-öRÅRÆ[ÆWÓKÏL÷�à6Ó�Ô�Ì3ÊWÄ�Å�öRÇ!Ô@öRÅRÔ�Ê[ÏOÓKÊWÈ~Ç�Ô�Æ�ÇKÎ
� Ó3é3üié6�]Ó)érøgÒ@é � 4���Ó�Ô�Ì � ; u Ð�ÅUÏWÅ;Ì�ÅUÊWÅUÏWË$È~Ô�Å_Ì�ÎYÇ!É~É~Ç_ÐfÈÖÔ�Ò�ÊWÄ�Å�Ø�ÏWÇGöUÅ_Ì�Í�ÏWÅRÆ]Ò!È~Ñ�ÅUÔ%ÎYÇ�Ï]ÊWÄ�ÅÓ�Ô�Ó�Éò÷�Æ[ÈÖÆ�Ç�Î�Ð,ÓKÊWÅGÏQÆWÓ�Ë$Ø�É~ÅRÆ|ßPè�Å-öUÊWÈ~Ç!ÔWã1+�Ú é�Ú +�àGÚ�ÿ;Í�Ø�É~È�ö_ÓKÊWÅ�Ë$Å_Ó�Æ[Í�ÏWÅRË$ÅRÔ�ÊWÆeÐ]ÅUÏWÅ�Ë%Ó!Ì�Å%ÎYÇ�ÏÅ_Ó�öOÄ|Æ[Ç�ÈÖÉÝÆWÓ�Ë$Ø�É~Å6ÓKÔ�Ì�ÊWÄ�Å6Ó2Ñ!ÅUÏOÓ�Ò�Å�öRÇ�ÔröRÅUÔ�Ê[ÏOÓ2ÊWÈ~Ç!Ô�ÆfÐ]ÅGÏWÅ6ÊWÄ�ÅRÔ`öRÇ�Ô�Ñ�ÅUÏ[ÊWÅ_Ì�ÊWÇ�Ë$Å��`ã_ñ!ñ$Ò6� MÌ�ÏL÷%Æ[Ç�ÈÖÉ�Ú
ùÝÇEöRÇ�Ë$Ø�Ó2ÏWÅfÊWÄ�ÅKè�ÏX��É � Ë$ÅUÊWÄ�Ç�Ì ÊWÇ;ÊWÄ�ÅfË$Ç�ÏWÅ�öRÇ�Ô�Ñ!ÅRÔ�ÊWÈÖÇ�Ô�ÓKÉ�Ë$ÅUÊWÄ�Ç�Ì�Ç�ÎxÅn0�Ê[ÏOÓ>öUÊWÈ~Ç!Ô$ÐfÈ×ÊWÄ� 4��Y;hõKöeéwÓ�Ë$Ç�Í�Ô�ÊWÆ ÇKÎ�ÅX0@öOÄ�ÓKÔ�Ò�Å_Ó�Õ�ÉÖÅ � Ó3éXüié�øgÒ3ÓKÔ�Ì �]ÓjÐ�ÅUÏWÅ|Ì�ÅUÊWÅUÏWË$È~Ô�ÅRÌ3ÐfÈ~ÊWÄ�Õ>ÇKÊWÄË$ÅUÊWÄ�Ç�Ì�Æ$Ç!ÔòÆ[ÅUÑ�ÅRÔòÆ[Ç�ÈÖÉ�ÆWÓ�Ë$Ø�É~ÅRÆRÚ aèÈ~Ô�Å_ÓKÏ�ÏWÅRÒ�ÏWÅUÆ[Æ[ÈÖÇ�Ô	Ó�Ô�ÓKÉò÷�Æ[È~Æ%Ð,ÓKÆgÍ�Æ[ÅRÌÞÊWÇ<Ç!Õ�ÊOÓ�È~ÔðÅn0[�Ø�ÏWÅRÆ[Æ[È~Ç�Ô�Æ�ÇKÎfÊWÄ�ÅQÎEÇKÏWË ß��&���! r#��_à;ÏWÅRÉÖÓKÊWÈ~Ô�Ò(ÊWÄ�Å%ÏWÅUÆ[Í�É×ÊWÆ ÇKÎfÊWÄ�Å � 4��1;hõKö$Ë$ÅUÊWÄ�Ç�Ì3ÇKÎÅn0�Ê[ÏOÓ�öUÊWÈ~Ç�Ô<ß� jà�ÊWÇQÊWÄ�Ç�Æ[ÅeÇ�ÎãÊWÄ�Å�è�ÏX��É � Ë$ÅGÊWÄ�Ç�Ì"ß���à,Ó�Ô�Ì"` � �¡�6`>�X� D L�Ú¢ù]Ä�Å;ÏWÅUÒ�ÏWÅRÆ[Æ[È~Ç!Ô�öRÇ�Ôi�Æ�ÊOÓ�Ô�ÊWÆ�ß��+é[�Rà?é�Ñ�ÓKÏWÈ~Ç!Í�Æ�Æ�ÊOÓKÊWÈ~Æ�ÊWÈ�ö_ÓKÉAØ�ÓKÏOÓKË$ÅUÊWÅUÏWÆwÓ�Ô�ÌQÊWÄ�ÅfÏOÓKÔ�Ò�ÅRÆ]Ç�ÎxÊWÄ�Å�Ån0)öOÄ�ÓKÔ�Ò!ÅRÓ�Õ�É~Å�Æ[Ø>ÅJöRÈ~ÅRÆÎEÇKÏ;Õ>Ç�ÊWÄgË$ÅUÊWÄ�Ç�Ì�Æ�Ó2ÏWÅiÆ[Ä�Ç_ÐfÔ&È~Ô�ùÙÓKÕ�É~Å!?�Ú�ã!Ú�è�È~Ò�Ô�È�37ö_ÓKÔ�Ê�ÏWÅRÉÖÓ2ÊWÈÖÇ�Ô�Æ[Ä�ÈÖØ�Æ�Ð�ÅUÏWÅiÎYÇ!Í�Ô�ÌgÎEÇKÏ�üié

�]Ó6Ó�Ô�ÌBøgÒ)é�Õ�Í�ÊwÔ�ÇKÊwÎYÇ�Ï � Ó)é�ÓKÆ�È~Ô�Ì�È�öRÓKÊWÅ_Ì$ÕG÷�ÊWÄ�Å�É~Ç_Ð:êb�ïÏOÓKÊWÈ~Ç�Úbù]Ä�Å�Ñ!ÓKÉÖÍ�ÅRÆ�Ç�Õ�ÊOÓKÈÖÔ�Å_ÌQÐfÈ×ÊWÄÊWÄ�Å�è�ÏX��É � Ë$ÅUÊWÄ�Ç�Ì(Ð]ÅUÏWÅ$Ë ÍröOÄ"É~Ç_Ð]ÅGÏiÊWÄ�Ó�Ô&ÊWÄ�Ç!Æ[Å$Ç�Õ�ÊOÓKÈÖÔ�Å_Ì&ÐfÈ×ÊWÄ3ÊWÄ�Å � 4��1;hõKöQË$ÅUÊWÄ�Ç�Ì5éÓ�Ë$Ç�Í�Ô�ÊWÈ~Ô�Ò�ÊWÇ,+>A.-Bé�æKñ.-Bé+æ>+.-IÓKÔ�ÌI9BAB-ìÇ�ÎpÊWÄ�Ç�Æ[ÅiË$ÅRÓ�Æ[Í�ÏWÅRÌ�ÐfÈ×ÊWÄ|ÊWÄ�Å � 4 � ;hõKöeË$ÅUÊWÄ�Ç�ÌÎEÇKÏhüié*�]Ó)é � Ó Ó�Ô�Ì�øgÒQÏWÅRÆ[Ø>ÅJöUÊWÈ~Ñ�ÅUÉ�÷�Ú
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@ Ä�Å�ÊWÅn0�ÊWÍ�ÏWÅ�Ç�ÎèÊWÄ�Å:3�Ô�Å�Å_Ó2Ï[ÊWÄ�ÎuÏOÓBAUÊWÈ~Ç!Ô�Ð,ÓKÆfÌ�ÅRÆ�AUÏWÈ~Õ>Å_Ì%È~Ô�ÊWÄ�Å<3�ÅRÉÖÌ%ÎYÇ!É~É~Ç_ÐfÈÖÔ�ÒQÊWÄ�Å�ê!R�;
7�Í�ÈuÌ�ÅRÉ~È~Ô�ÅRÆAÎEÇ�ÏÝÆ[Ç!È~É�Ø�ÏWÇ$3�É~ÅwÌ�ÅRÆ�AUÏWÈ~Ø�ÊWÈÖÇ�Ô$ßïê!R�;�éeã_ä<ä�ä!à?éKÐfÄ�ÈKAOÄeÍ�Æ[ÅRÆAÊWÄ�ÅãÊWÅn0�ÊWÍ�ÏOÓKÉSARÉÖÓ�Æ[Æ[È�3CA_ÓKÊWÈ~Ç!ÔÇKÎÙÊWÄ�Å��iÚ èxÚ ÿ�Ú RiÚrè�Ç�È~É @ ÓH0�Ç!Ô�Ç�ËTFjß5��è)ÿR�é7ãRä<äeæ�àGÚ @ Ä�ÅUÏWÅUÎYÇ�ÏWÅ�ARÉÖÓ$FGé�Æ[È~É×Ê�Ó�Ô�Ì�ÆWÓ�Ô�Ì�ÎYÏOÓJAUÊWÈ~Ç!Ô�ÆÏWÅUÎYÅUÏ8ÊWÇeØ�ÓKÏ[ÊWÈKARÉ~ÅfÆ[ÈC	RÅRÆwÇ�ÎFf�ñ�Ú ñ�ñ�é;Ë$Ë`é�ñ�Ú ñ!ñ�éYG�ñ�Ú ñeæiË$ËÜÓKÔ�ÌQñ�Ú ñeæ1G�éeË$Ë`éKÏWÅRÆ[Ø>Å$AGÊWÈÖÑ!ÅRÉ�F�Ú @ Ä�ÅÆWÓKÔ�Ì&ÎuÏOÓBAUÊWÈ~Ç�Ô3Ð,ÓKÆ6ÎYÍ�Ï[ÊWÄ�ÅUÏ6Æ[Í�ÕxÌ�ÈÖÑ�ÈÖÌ�ÅRÌ&È~Ô�ÊWÇ6ARÇ!ÓKÏWÆ[Å$ÆWÓKÔ�ÌÞßïñ�Ú éeæ1G�égË$Ë�à�ÓKÔ�ÌjÑ�ÅUÏ�F�3�Ô�Å ÊWÇ
3�Ô�Å;ÆWÓKÔ�Ì3ßïñ�Ú ñeæ1G�ñ�Ú éeæ$Ë$Ë�àGÚ

�wÓKÏWÈÖÓ2ÊWÈÖÇ�Ô�ÆÙÐfÈ×ÊWÄQÌ�ÅRØ�ÊWÄ6ÇKÎ�ÊWÄ�ÅwÓ_Ñ�ÅUÏOÓKÒ!Å]Ø�ÓKÏ[ÊWÈKARÉ~Å]Æ[ÈC	RÅ,Ì�ÈÖÆ�Ê[ÏWÈ~Õ�Í�ÊWÈ~Ç!Ô6ÎEÇKÏpÆ[Ç!È~É~Æ8È~Ô6ÊWÄ�Å � ÓKÕ>Ç!ÍÒKÏOÓ�Æ[Æ[ÉÖÓ�Ô�Ì"Ø�É~ÇKÊ6Ó�Ô�Ì @ Í�ÉÖÓ�Æ[ÅUÐ]Ó)é�üeÇ�ÏWÇ�þ�Í�ÉÖÓ�ÓKÔ�ÌFüeÇ�ÏWÇ�Ë%Ó�Ô�ÈÙÎYÇ�ÏWÅRÆ�Ê;Ø�É~Ç�ÊWÆeÓ2ÏWÅ�Æ[Ä�Ç2ÐfÔ&È~Ô3êÙÈ~Ò$�Í�ÏWÅ�?�Ú�ã!Ú @ Ä�Å,Æ[Ç!È~É�È~Ô�ÊWÄ�Å%U6VMWYX[Z�\[]^V[_�_�`aVCbdc(Ø�É~Ç�Ê�ß�Æ[Ç�ÈÖÉ�Ø�È×ÊGàeARÇ�Ô�Æ[È~Æ�ÊWÅ_ÌQÇ�Î>Ó�Õ�ÏWÇ_ÐfÔ�È~Æ[ÄgfTÕ�ÉÖÓBA4h
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ÆWÓKÔ�ÌgF É~Ç�ÓKËùÊWÇ�Ø�Æ[Ç!È~Éèßïñ^�!��ñGARË�à?é�Í�Ô�Ì�ÅGÏWÉuÓKÈ~ÔQÕ�FQÓ�ÏWÅ_Ì�Ì�È~Æ[ÄMfMÕ�ÏWÇ2ÐfÔ�ARÉÖÓ�F�Æ[Í�Õ�Æ[Ç!È~ÉÝßPè�Å$AUÊWÈ~Ç!ÔO��Ú�ã_àGÚ
@ Ä�ÅwØ�ÓKÏ[ÊWÈKARÉ~Å]Æ[ÈK�RÅ]Ì�È~Æ�Ê[ÏWÈÖÕ�Í�ÊWÈ~Ç!Ô6ÇKÎ�ÊWÄ�ÅwÆ[È~É×ÊÙÎYÏOÓJAUÊWÈ~Ç!ÔiÆ[Ä�Ç_Ð]ÅRÌ ÓfØ>Å_ÓBh;ÓKÊãñ�Ú ñ)ã���Ë$Ë	ÊWÄ�ÏWÇ!Í�Ò!Ä�Ç�Í�ÊÊWÄ�Å Ø�ÏWÇB��É~Åeé>ÐfÄ�ÅUÏWÅ_ÓKÆ�ÊWÄ�Ó2Ê;Ç�Î8ÊWÄ�Å6ÆWÓKÔ�Ì|ÎYÏOÓJAUÊWÈ~Ç!Ô"Ð]Ó�Æ;Ç�Õ�Æ[ÅUÏWÑ!Å_Ì(ÓKÊ6ñ�Ú æ%Ë$Ë|Ú @ Ä�Å�Æ[È~É×ÊG�JARÉÖÓ$FÏOÓ2ÊWÈÖÇ)é�ÐfÄ�ÈKAOÄ�È~Æ8Æ[Ç!Ë$ÅUÊWÈ~Ë$ÅRÆ8Í�Æ[ÅRÌ$Ó�Æ]ÓKÔ$È~Ô�Ì�Å.�QÇ�ÎAÆ[Ç�ÈÖÉ>ÅGÏWÇ�Ì�È~Õ�È~É~È×ÊHF�ÎYÇ�Ï]Ð]ÓKÊWÅUÏ�ÅUÏWÇ!Æ[È~Ç�Ô�È~Ô$Æ�ÊOÓ2ÊWÈEAÉÖÓ�Õ>ÇKÏOÓKÊWÇKÏ�F ÊWÅRÆ�ÊWÆfßQLgÇKÏWÒ�Ó�Ô5érãRäS�S�!à?é�Ì�Å�AUÏWÅ_Ó�Æ[ÅRÌ ÊWÄ�ÏWÇ�Í�Ò!Ä�Ç!Í�ÊÙÊWÄ�Å]Ø�ÏWÇB��ÉÖÅwÎYÏWÇ!Ë�ã�Ú ñS�eÓKÊ8Ó�Ì�ÅRØ�ÊWÄÇKÎbæTARËìÊWÇ$ñ�Ú �)ãiÓKÊ��ñ�ARËîÓ�Ô�Ìgñ�Ú æ^�%ÓKÊ�B�'AUË`é�Æ[Í�Ò!Ò�ÅRÆ�ÊWÈ~Ô�ÒQÊWÄ�Ó2Ê,ÊWÄ�Å;ÅGÏWÇ�Ì�È~Õ�È~É~È×ÊHFgÌ�Å$AUÏWÅRÓ�Æ[Å_ÌÐfÈ×ÊWÄÞÌ�ÅRØ�ÊWÄèÚ���Ç_Ð]ÅUÑ�ÅUÏUéwÇ�ÊWÄ�ÅGÏ$Î�ÓBAGÊWÇ�ÏWÆ�Ó�Æ%ÓKÒ!Ò�ÏWÅUÒ�ÓKÊWÅ(Æ�ÊOÓKÕ�È~É~È×ÊHFGé]È~Ôg��É×Ê[ÏOÓKÊWÈ~Ç!Ô�A_ÓKØ�ÓBAUÈ~Ê,FGé]ÇKÏ�fÒ!Ó�Ô�ÈKA Ë%ÓKÊ[ÊWÅUÏ�ARÇ!Ô�ÊWÅRÔ�ÊW�GF8� � ÓKÏWÅ�Ó�É~Æ[Ç�È~Ë$Ø>ÇKÏ[ÊOÓ�Ô�Ê�ÎEÓBAUÊWÇKÏWÆ6Ì�ÅUÊWÅUÏWË$È~Ô�ÈÖÔ�Ò$ÊWÄ�ÅiÅUÏWÇ�Ì�È~Õ�È~É~È×ÊHFGéAÓKÔ�ÌÊWÄ�Å;È~Ô�Ì�Å.��Æ[Ä�Ç!Í�ÉuÌ�ÊWÄ�ÅUÏWÅUÎYÇ�ÏWÅeÕ>ÅeÈ~Ô�ÊWÅUÏWØ�ÏWÅGÊWÅ_Ì�ÐfÈ×ÊWÄIA_ÓKÍ�ÊWÈ~Ç!ÔAÚ

@ Å���ÊWÍ�ÏWÅ8Ø�ÏWÇB��É~ÅRÆÝÎEÇKÏÙÊWÄ�Å8Æ[Ç!È~É�È~ÔeÊWÄ�Å��%Zd`aVC_$�g�>V��QX[]^�g_$��Ø�ÉÖÇKÊÝÐ�ÅUÏWÅ�Ç�Õ�ÊOÓ�È~Ô�Å_Ì;ÎYÏWÇ!Ë�Õ�Í�ÉEh!Å_ÌÆWÓKË$Ø�É~ÅRÆGARÇ�ÉÖÉ~Å$AGÊWÅ_Ì3Ó2Ê6Æ[ÅRÑ�ÅRÔ&ÆWÓ�Ë$Ø�ÉÖÅ Ø>Ç!È~Ô�ÊWÆRÚO��Ç�Ô�Æ[ÈÖÌ�ÅUÏOÓKÕ�É~Å$Ñ�ÓKÏWÈÖÓKÊWÈ~Ç!Ô"È~Ô3Æ[Ç!È~ÉãÊWÅ���ÊWÍ�ÏWÅiÐ,ÓKÆÇ�Õ�Æ[ÅUÏWÑ�ÅRÌæÐfÈ~ÊWÄ�È~ÔòÊWÄ�ÅjØ�É~Ç�Ê3ßEÏOÓ�Ô�Ò!Å�ARÉÖÓ$F���ARÉÖÓ$FðÉ~Ç�Ó�Ë�à?éfÐfÄ�ÈEAOÄðË%Ó$FæÕ>Å(ÏWÅRÉÖÓ2ÊWÅ_ÌòÊWÇ0ÉÖÇ�ARÓ�ÉÑ�ÓKÏWÈÖÓKÊWÈ~Ç�Ô�Æ�ÈÖÔ�ÊWÄ�Å6Ì�ÅUØ�ÊWÄ3ßïñ�Ú �^��é�Ë�à]ÓKÔ�Ì6AUÇ!Ë$Ø>Ç!Æ[È×ÊWÈ~Ç!Ô(ÇKÎÙÊWÄ�ÅeØ�ÓKÏWÅRÔ�ÊfÏWÇ�A4hxÚ @ Ä�Å>AUÉuÓ$F�É~Ç�Ó�ËÊWÅ���ÊWÍ�ÏWÅeÇ�Î8ÊWÄ�Å6Í�Ø�Ø>ÅUÏ�ã_ñ'ARËrÇ�ÎpÊWÄ�Å6Æ[Ç!È~ÉÝÐ]Ó�Æ;Æ[È~Ë$È~ÉÖÓKÏ�ÊWÇQÊWÄ�ÓKÊ�Ç�ÎpÊWÄ�ÅiÆ[Í�Õ�Æ[Ç�ÈÖÉ,ßMéKñ^�rã_ñ!ñOARË�àÕ�Í�Ê,ÊWÄ�Å�Ê^Ð]Ç$ÉÖÓ$F�ÅUÏWÆ,Ð�ÅUÏWÅeÆ[ÅRØ�Ó2ÏOÓKÊWÅ_Ì|Õ�F�Ó�ÊWÄ�ÈÖÔ�ÉÖÓ�F�ÅUÏiß8��ã_ñ�ARË�à�ÇKÎ9ARÇ!ÓKÏWÆ[ÅUÏ�ÊWÅ���ÊWÍ�ÏWÅQß�ÆWÓKÔ�ÌgF
ARÉÖÓ$F�É~Ç�Ó�Ë�à]ÓKÆ,Æ[Ä�Ç_ÐfÔgÈ~ÔgêÙÈÖÒ�Í�ÏWÅ���Ú�ã!Ú @ Ä�Å;Ø�ÓKÏ[ÊWÈKARÉ~Å;Æ[ÈK�RÅ6Ì�È~Æ�Ê[ÏWÈ~Õ�Í�ÊWÈ~Ç!Ô�Æ,ÇKÎÙÊWÄ�Å�ÆWÓ�Ô�Ì�ÎYÏOÓJAUÊWÈ~Ç!ÔÓKÒ�Ó�È~ÔQÆ[Ä�Ç_Ð]Å_ÌQÓ�Ø>Å_ÓBhiÓKÊwñ�Ú æ�Ë$ËëÊWÄ�ÏWÇ�Í�Ò!Ä�Ç!Í�ÊãÊWÄ�Å]Ø�ÏWÇB��É~Åeé�ÐfÄ�ÅUÏWÅRÓ�ÆãÊWÄ�Ó2ÊpÇ�Î>ÊWÄ�Å�Æ[ÈÖÉ×ÊpÎYÏOÓJAUÊWÈ~Ç!ÔÐ]Ó�ÆG�>Ó2Ê_Ú @ Ä�ÅQÆ[È~É×ÊG�JARÉÖÓ$F3ÏOÓ2ÊWÈ~Ç(ÈÖÔMAUÏWÅ_ÓKÆ[Å_Ì"ÎYÏWÇ�Ëáñ�Ú �S�|È~Ô&ÊWÄ�Å�ÊWÇ�Ø�Æ[Ç!È~É�ßïñ^�!��ñ6ARË�à�ÊWÇ:ã!Ú ñ�égÈ~Ô
� �B�ëÄ�ÇKÏWÈE�UÇ!Ôåß��<æ����!ñ6AUË�à�ÓKÔ�Ì(ÊWÇ�ã�Ú éeæ�È~Ô(ÊWÄ�Å ÉÖÇ_Ð�ÅUÏ>��fMÄ�ÇKÏWÈE�UÇ!Ôæßïä�ñ^�rã_ñ!ñrARË�à?é>È~Ô�Ì�ÈEARÓKÊWÈ~Ô�ÒÊWÄ�ÓKÊfÆ[Ç!È~ÉèÅUÏWÇ�Ì�È~Õ�È~É~È×ÊHF�È~ÔCAUÏWÅ_ÓKÆ[Å_ÌgÐfÈ×ÊWÄ(Ì�ÅUØ�ÊWÄèÚ

@ Ä�Å;ÊWÅ���ÊWÍ�ÏWÅeÇKÎÙÊWÄ�ÅeÆ[Ç�ÈÖÉèÈ~ÔgÊWÄ�ÅG�rX[]^X<��Ze`aV��QX[]^�M_$�eØ�É~Ç�ÊfÐ,ÓKÆ�Ì�ÈÖÆ�ÊWÈ~ÔMAUÊWÉ�F|Ì�ÈK�xÅGÏWÅRÔ�Ê,ÎYÏWÇ!ËÊWÄ�ÓKÊ$ÇKÎ�ÊWÄ�Å � ÓKÕ>Ç!ÍæÒKÏOÓ�Æ[Æ[ÉÖÓ�Ô�ÌÞØ�ÉÖÇKÊUé,ÓKÔ�ÌåÊWÄ�Ç!Æ[Å�Ç�Î;ÊWÄ�Å @ Í�ÉuÓKÆ[ÅUÐ,Ó3Ó�Ô�Ì��eÇ�ÏWÇ�Ë%Ó�Ô�È]ÎEÇ�ÏWÅUÆ�ÊØ�ÉÖÇKÊWÆJé�Æ[Ä�Ç_ÐfÈ~Ô�Ò�ÉÖÓ2ÏWÒ!Å�AOÄ�ÓKÔ�Ò!ÅUÆ]ÐfÈ~ÊWÄ�Ì�ÅUØ�ÊWÄèÚ�è�Ç!È~ÉxÌ�ÅRØ�ÊWÄ�ÓKÊ�ÊWÄ�Å�Æ[ÅUÑ�ÅRÔ%ÆWÓ�Ë$Ø�ÉÖÅ�Ø>Ç!È~Ô�ÊWÆ]Ñ�ÓKÏWÈ~Å_ÌÕ>ÅUÊTÐ]ÅRÅUÔ��!ñOARËrÓ�Ô�Ì�ã�ã_ñ'ARË|Ú @ Ä�Å6ÊWÇ!Ø�Æ[Ç!È~É,ß�R2fDé � fTÄ�Ç�ÏWÈK�RÇ�Ô�ÆJéAñ^�3æ�ñOARË�à]Ð,Ó�Æ�ARÇ�Ó2ÏWÆ[ÅUÏ;ÊWÄ�ÓKÔÓ2Ê�ÊWÄ�Å|Ç�ÊWÄ�ÅUÏ�Æ[È×ÊWÅRÆJé�Ó�Ô�Ì�ARÇ!Ô�Æ[È~Æ�ÊWÅ_ÌæÇ�Î6Õ�ÏWÇ_ÐfÔ�È~Æ[Äg��Õ�ÉÖÓBA4hÞÆWÓKÔ�Ì!F�AUÉuÓ$FÞÉ~Ç�Ó�Ë|Ú @ Ä�Å|ÊWÅ���ÊWÍ�ÏWÅÒKÏOÓ!Ì�Í�Ó�É~É�F�AOÄ�ÓKÔ�Ò�Å_Ì&ÊWÇ�Õ�ÏWÇ_ÐfÔ�ARÉÖÓ$F&É~Ç�Ó�Ë³Ì�ÅRÅRØ>ÅUÏ6È~Ô"ÊWÄ�Å�Ø�ÏWÇB��É~Å(ßQ��fMÄ�ÇKÏWÈK�RÇ!Ô�à;Ó�Æ6Õ>Ç�ÊWÄjÊWÄ�ÅØ�ÏWÇ!Ø>Ç�Ï[ÊWÈ~Ç�Ô�Æ%Ç�ÎeÆ[È~É×Ê�Ó�Ô�Ì�ARÉÖÓ$FåÈ~ÔCAUÏWÅ_ÓKÆ[Å_ÌAÚ @ Ä�Å|Ø�Ó2Ï[ÊWÈKARÉ~Å(Æ[ÈE�UÅjÌ�È~Æ�Ê[ÏWÈ~Õ�Í�ÊWÈ~Ç�Ô�Æ$ÎEÇKÏ$ÊWÄ�Å|ÆWÓKÔ�ÌÎuÏOÓBAUÊWÈ~Ç!Ô�Æ�Æ[Ä�Ç_Ð]Å_ÌæØ>ÅRÓBh�Æ�ÓKÊ�ñ�Ú �J��ñ�Ú ä<Ë$ËíÊWÄ�ÏWÇ�Í�Ò�Ä�Ç!Í�Ê$ÊWÄ�Å|Ø�ÏWÇB��ÉÖÅ�é,ÐfÄ�ÅUÏWÅ_ÓKÆ�ÊWÄ�ÓKÊ%ÇKÎ;ÊWÄ�ÅÆ[È~É×ÊQÎYÏOÓJAUÊWÈ~Ç!Ô�Ð,ÓKÆ��>Ó2Ê_Úh�TÔ0Æ[Ç!Ë$Å�ÉÖÇ�ARÓKÊWÈ~Ç!Ô�ÆJé�ÐfÄ�ÅGÏWÅ�ÊWÄ�Å�Æ[Ç�ÈÖÉ]Ð]Ó�ÆQÆ[Ä�Ó�É~É~Ç_ÐEé�ÊWÄ�År��fMÄ�ÇKÏWÈK�RÇ!ÔÐ]Ó�Æ�ÊWÄ�ÈÖÔjÇKÏ6Ó�Õ�Æ[ÅRÔ�ÊeÓ�Ô�Ì|ÊWÄ�Å6ÆWÓ�Ô�ÌgFPARÉÖÓ$FjÉ~Ç�ÓKË±ÊWÇ!Ø�Æ[Ç!È~ÉãÐ,ÓKÆ�ÎEÇ�Í�Ô�Ì|ÊWÇ�Ì�È×ÏWÅ$AGÊWÉKFjÇ2Ñ�ÅGÏWÉÖÈ~Å6ÊWÄ�ÅÕ>Å_Ì�ÏWÇ�A.h>Ú���Ô0Ç�ÊWÄ�ÅUÏ ÉÖÇ�ARÓKÊWÈ~Ç!Ô�ÆQÊWÄ�Å%ÆWÓ�Ô�ÌgF3ÊWÇ�Ø�Æ[Ç�ÈÖÉ,Ä�Ó!Ì<Õ>ÅRÅUÔåÅGÏWÇ�Ì�Å_Ì<Å���Ø>Ç�Æ[ÈÖÔ�Ò(ÊWÄ�Å�Ë$Ç�ÏWÅË%ÓKÆ[Æ[ÈÖÑ!ÅG��fMÄ�ÇKÏWÈE�UÇ!ÔèÚ�è�Ç!Ë$ÅUÐfÄ�ÓKÊ%ARÇ!ÓKÏWÆ[ÅUÏ�Æ[Ç�ÈÖÉxÐ,ÓKÆ,Ç!Õ�Æ[ÅUÏWÑ�Å_Ì�ÓKÊ,ÊWÄ�Å�Æ[Ç!È~É ��ÏWÇ�A4h�È~Ô�ÊWÅUÏ[ÎEÓBARÅ6Ì�Í�ÅÊWÇ�ÊWÄ�Å�Ø�ÏWÅRÆ[ÅRÔMARÅQÇ�Î�Æ�Ê[ÏWÇ!Ô�Ò!É�FjÐ]Å_Ó2ÊWÄ�ÅUÏWÅ_ÌjÏWÇ�A.hjØ�ÓKÏ[ÊWÈKARÉ~ÅRÆRÚ @ Ä�ÅQÆ[È~É~ÊG�^ARÉÖÓ$F"ÏOÓ2ÊWÈÖÇ�Ð,ÓKÆ ñ�Ú äS�gÈ~ÔÊWÄ�Å�ÊWÇ!Ø�Æ[Ç!È~É�ßïñ��!�!ñ�AUË�à�Ó�Ô�Ì�È~ÔCAUÏWÅRÓ�Æ[Å_ÌgÊWÇ�Ó�Ë%ÓJ��È~Ë�Í�ËûÇ�Î�ã!Ú �GäQÓ2Ê���ñ^�3ä�ñ�ARËîÓ2ÎYÊWÅUÏfÐfÄ�ÈKAOÄ(ÓÌ�Å$AUÏWÅ_ÓKÆ[ÅiÊWÇFã!Ú�ãUä$Ð]Ó�Æ�Ç�Õ�Æ[ÅUÏWÑ!Å_Ì(Ì�ÅRÅUØ>ÅUÏ�È~Ô(ÊWÄ�Å6Ø�ÏWÇB��É~Å!Ú2��ÅRÔCARÅeÊWÄ�ÅiÅGÏWÇ�Ì�È~Õ�È~É~È×ÊHF|Ð]Ó�Æ�É~Ç_Ð]ÅUÆ�ÊÈ~ÔgÊWÄ�Å;ÊWÇ!Ø�Æ[Ç�È~ÉÙÓ�Ô�ÌgÈ~ÔCAUÏWÅRÓ�Æ[Å_Ì�ÐfÈ×ÊWÄjÌ�ÅRØ�ÊWÄ�ÈÖÔ�ÊWÄ�Å���fMÄ�ÇKÏWÈK�RÇ!Ô5é�ÎEÇ�ÉÖÉ~Ç_Ð]ÅRÌ|Õ!FgÓQÌ�Å$AUÏWÅ_ÓKÆ[ÅiÔ�Å_ÓKÏÕ>Å_Ì�ÏWÇ�A.h>Ú
@ Ä�Å"Æ[Ç�È~ÉiÈ~ÔòÊWÄ�Å��6XC]JX< ¡V[bd¢r�,X[]^�g_$�&Ø�É~Ç�Ê�Ð,Ó�Æ|Ó0ÏWÅRÌ�Ì�È~Æ[ÄgfTÕ�ÏWÇ_ÐfÔ£ARÉÖÓ�FðÓ�Ô�ÌðÆ[Ä�Ç2Ð�Å_ÌÑ�ÅGÏ�F3É~È×Ê[ÊWÉ~Å�Ñ�ÓKÏWÈÖÓ2ÊWÈÖÇ�Ô0È~Ô<ÊWÅ���ÊWÍ�ÏWÅQÐfÈ×ÊWÄ�Ì�ÅRØ�ÊWÄæßïêÙÈ~Ò!Í�ÏWÅO��Ú�ã2àGÚ @ Ä�Å�Ø�ÓKÏ[ÊWÈKARÉ~Å%Æ[ÈK�RÅ�Ì�Å$AUÏWÅRÓ�Æ[Å_ÌÊWÄ�ÏWÇ!Í�Ò�Ä�Ç�Í�Ê�ÊWÄ�Å6Æ[È~É~Ê;Ó�Ô�Ì|ÆWÓ�Ô�Ì|ÎuÏOÓBAUÊWÈ~Ç!Ô�Æ;ÓKÔ�Ì(Ô�Ç%Ì�ÈÖÆ�ÊWÈ~ÔMAUÊ�Ø>ÅRÓBh�Æ�Ð�ÅUÏWÅiÊWÄ�ÅUÏWÅUÎYÇ�ÏWÅiÇ!Õ�Æ[ÅGÏWÑ�Å_ÌÈ~ÔjÊWÄ�ÅQÌ�È~Æ�Ê[ÏWÈÖÕ�Í�ÊWÈ~Ç!Ô�ÆeÇ�ÎwÊWÄ�ÅRÆ[Å�ÎuÏOÓBAUÊWÈ~Ç�Ô�ÆRÚ @ Ä�ÅQÆ[Ø�Ó2ÊWÈÖÓ�É8Ä�ÅUÊWÅUÏWÇ�Ò!ÅRÔ�ÅRÈ×ÊHFjÈ~Ô"ÊWÅ.��ÊWÍ�ÏWÅiÐ]Ó�ÆiÓ�É~Æ[ÇÉ~Ç_ÐEéÙÍ�Ô�É~ÈKh�Å�ÊWÄ�Ç�Æ[ÅQÇ!Õ�Æ[ÅUÏWÑ�Å_ÌjÈ~Ô"ÊWÄ�Å @ Í�ÉÖÓKÆ[ÅUÐ,Ó|ÓKÔ�ÌN�eÇ�ÏWÇSh�Í�ÉuÓ%ÎEÇKÏWÅRÆ�ÊiØ�É~Ç�ÊWÆRÚ @ Ä�ÅQÆ[È~É×ÊG�JARÉÖÓ$FÏOÓ2ÊWÈÖÇ%Ì�Å$AUÏWÅ_ÓKÆ[Å_Ì�ÐfÈ×ÊWÄ(Ì�ÅRØ�ÊWÄ%ÎYÏWÇ�Ë±ñ�Ú �!ä$ÓKÊ�ñ��7ã_ñ�AUËìÊWÇ$ñ�Ú æ!éQÓ2Ê�Ó��!ñ��)ä�ñ�AUË|Ú
¤ ÓKÊOÓ�Ç�Ô�ÊWÄ�Å�ÊWÅ.��ÊWÍ�ÏWÅ]Ç�Î>ÊWÇ�Ø�Æ[Ç�ÈÖÉAßïñ^��é�ñ�ARË�àÙÓKÔ�Ì6ÊWÄ�Å,Æ[Í�Õ�Æ[Ç!È~ÉAß��!ñ^���!ñGARË�àèÈ~Ô�ÊWÄ�Å�ÎEÇKÏWÅRÆ�ÊWÅ_Ì

¥ `a�!X<`a�!\[V�ce]^V[¢	b�VC\[�PWdVC_�¢	b3Ð]ÅGÏWÅeÇ!Õ�ÊOÓKÈ~Ô�Å_Ì%ÎYÏWÇ!ËIÆ[Ç�È~ÉèÆWÓKË$Ø�É~ÅRÆ%ARÇ�ÉÖÉ~Å$AGÊWÅ_Ì|ÓKÊ�é�æiÏOÓ�Ô�Ì�Ç�Ë$ÉKFÌ�ÈÖÆ�Ê[ÏWÈ~Õ�Í�ÊWÅ_Ì|ÆWÓKË$Ø�É~Å6Ø>Ç!È~Ô�ÊWÆ ßïêÙÈ~Ò!Í�ÏWÅBãUæ�Ú ��àGÚ�è�Ç�È~ÉÝÊWÅ���ÊWÍ�ÏWÅeÆ[Ä�Ç2Ð�Å_ÌjÓQÉÖÓKÏWÒ!Å Ñ!Ó2ÏWÈÖÓKÊWÈ~Ç!Ô(ÐfÈ×ÊWÄ�È~ÔÊWÄ�ÅGA_ÓKÊqAOÄ�Ë$ÅRÔ�ÊUé�ÏOÓ�Ô�Ò!È~Ô�Ò$ÎYÏWÇ�Ë±ÆWÓKÔ�Ì!FgÉ~Ç�ÓKËrÊWÇ'AUÉuÓ$F�Ú#��Ç_Ð]ÅRÑ!ÅUÏUé�Ê^Ð�Ç%Ì�È~Æ�ÊWÈ~ÔCAUÊ�Ò�ÏWÇ�Í�Ø�ÆARÇ�Í�ÉÖÌÕ>Å(ÏWÅ$ARÇ�Ò!Ô�ÈÖÆ[ÅRÌ�ÓKÆgÆ[Ä�Ç_ÐfÔ:È~Ô	êÙÈÖÒ�Í�ÏWÅN��Ú é�Ú§¦�ÅRÉÖÓKÊWÈ~Ñ�ÅRÉ�F£ARÇ!ÓKÏWÆ[Å&ÊWÅ���ÊWÍ�ÏWÅ_Ìëß�ÆWÓKÔ�Ì!FòÉ~Ç�ÓKË ÊWÇ
ARÉÖÓ$FðÉ~Ç�ÓKË�à?éeÌ�Í�É~É�fTÇKÏOÓ�Ô�Ò!Å"ÊWÇ�F�ÅRÉ~É~Ç_ÐfÈ~Æ[ÄMfMÕ�ÏWÇ_ÐfÔ	Æ[Ç!È~É~Æ(Ä�Ó!Ì:Ì�ÅRÑ�ÅRÉ~Ç!Ø>ÅRÌ:Ç�ÔðÊWÄ�Å"Ì�ÓBAUÈ~ÊWÅ"ÉÖÓ2Ñ�Ó
��Ç2ÐfÆ6ÓKÔ�Ì|ÊWÍM�xÆ�ÎEÇ�ÏWË$È~Ô�Ò�ÊWÄ�Å ÏWÈÖÌ�Ò�ÅRÆ6Ó�Ô�ÌjÆ[É~Ç�Ø>ÅRÆ6ÈÖÔjÊWÄ�ÅiÔ�ÇKÏ[ÊWÄ�ÅUÏWÔ&Ø�Ó2Ï[ÊeÇ�ÎwÊWÄ�Å>A_ÓKÊqAOÄ�Ë$ÅUÔ�ÊUé
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St: Silt
C: Clay
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óhÒgãnöiÒ�ÐpÆnãhÉ¡óhÒgÉYÊÝ�oÌ[ËbÝ È1Ð`àHÈ$É�Ï5Ñ�ÈhÏ5ËI�QÑ¼ãnÉ[Ñ×ãg�iÌ
óHÉ[ÆXã1È1Ò]àYÌ.È$ãYÝmÉ�Ë�ªC«IÈHÌ[�!ÊkÑ×ã!Ê�É[Ï5Ë`Ò�È$�

ÐfÄ�ÅUÏWÅRÓ�ÆD��Ô�ÅGÏpÒ�ÏOÓ�È~Ô�Å_Ì|ß�Æ[È~É~Ê,F�AUÉuÓ$FiÊWÇ�ARÉÖÓ$F�àpÌ�Í�É~É�fMÇ�ÏOÓ�Ô�Ò!Å,ÊWÇ;Õ�ÏWÈÖÒ�Ä�Ê8ÏWÅRÌ�Ì�È~Æ[ÄgfTÕ�ÏWÇ_ÐfÔQÆ[Ç!È~É~Æ8Ð�ÅUÏWÅÎEÇ�Í�Ô�Ì$Ç2Ñ�ÅUÏWÉ�F�È~Ô�Ò�Ó�Ô�Ì�ÅRÆ[È×ÊWÅ;ÓKÔ�Ì�Ì�ÈÖÓ�Õ�Ó�Æ[Å;ÉÖÓ_Ñ!ÓG��Ç_ÐfÆ,È~Ô%ÊWÄ�Å�Æ[Ç�Í�ÊWÄ�ÅUÏWÔ�Ø�ÓKÏ[Ê,ÇKÎèÊWÄ�Å�A_Ó2ÊqAGÄ�Ë$ÅRÔ�ÊßPè�Å$AGÊWÈÖÇ�Ô���Ú æ!àGÚ @ Ä�ÅQÌ�È��xÅUÏWÅRÔCAUÅRÆ;È~Ô&ÊWÅ.��ÊWÍ�ÏWÅ�Ë%Ó$F|ÏWÅ���Å$AUÊ6Ì�È��xÅUÏWÅRÔCAUÅRÆ;È~Ô&Ð�Å_ÓKÊWÄ�ÅUÏWÈ~Ô�Ò�Ç�Î�ÊWÄ�ÅÊ^Ð�Ç6ÏWÇ�A4h Ê,F�Ø>ÅRÆRÚ @ Ä�ÅfÊWÅ���ÊWÍ�ÏWÅfÇKÎAÊWÄ�Å,ÊWÇ!Ø�Æ[Ç�È~É>ÈÖÔr��É~ÅRÇ�ÉÖÅUÒ�Ó�A_ÓKÊqAOÄ�Ë$ÅRÔ�ÊpÊWÅRÔ�Ì�Å_Ì�ÊWÇ6Õ>ÅfÆ[É~ÈÖÒ�Ä�ÊWÉKF
��Ô�ÅUÏ6ÊWÄ�Ó�Ô"ÊWÄ�ÓKÊ Ç�ÎfÊWÄ�Å$Æ[Í�Õ�Æ[Ç�È~ÉuépÐfÄ�ÈEAOÄ0Ø�ÏWÇ�Õ�ÓKÕ�É�F"ÏWÅ.��Å$AUÊWÅRÌ3ÊWÄ�Å%Ì�ÅUÒ�ÏWÅRÅ�Ç�Î,Ð�Å_ÓKÊWÄ�ÅUÏWÈ~Ô�Ò&Ó�ÆÆ[Í�Õ�Æ[Ç!È~ÉxÆWÓ�Ë$Ø�É~ÅRÆ]Ð�ÅUÏWÅeÇ�ÎuÊWÅRÔ6AUÇ!É~É~Å$AUÊWÅ_ÌgÈ~Ô�ÊWÄ�Å��UÇ!Ô�Å�¬^Í�Æ�Ê�ÓKÕ>ÇKÑ!Å�ÊWÄ�Å�Ð]Å_Ó2ÊWÄ�ÅUÏWÅ_Ì�Ø�Ó2ÏWÅRÔ�Ê,ÏWÇ�A.hÓ�Ô�ÌgÊWÄ�ÅUÏWÅUÎYÇ�ÏWÅ�AUÇ!Ô�ÊOÓ�È~Ô�ÅRÌ(Ð�Å_ÓKÊWÄ�ÅUÏWÅ_Ì(ÏWÇ�A.h�ÎYÏOÓ�Ò�Ë$ÅRÔ�ÊWÆRÚ @ Ä�Å�Æ[È~É×ÊG�JARÉÖÓ$F(ÏOÓKÊWÈ~Ç|Ó_Ñ�ÅGÏOÓ�Ò!ÅRÌ&ñ�Ú äS�È~Ô�ÊWÄ�Å]ÊWÇ�Ø%é�ñ�ARËÜÇKÎ>ÊWÄ�Å,Æ[Ç!È~ÉÙßEÏOÓKÔ�Ò�Å�ñ�Ú æ3ã.�rã!Ú �Gä�à�Ó�Ô�Ì�È~ÔCAUÏWÅRÓ�Æ[Å_Ì�ÊWÇiã�Ú�ãUæeÓKÊ�Ó;Ì�ÅRØ�ÊWÄQÇ�Î��ñ^���!ñ
ARË�ßEÏOÓKÔ�Ò!Å6ñ�Ú �Gæ���é�Ú �®�!à
)�*H+�*,¯ °£;>3q±³²k7Y´>µ[1q:!¶
êÙÈ~Ò!Í�ÏWÅ2��Ú �eÆ[Ä�Ç_ÐfÆ�ÊWÄ�ÅfÕ�Í�ÉKh Ì�ÅRÔ�Æ[È×ÊHFQØ�ÏWÇB��ÉÖÅUÆwÎEÇKÏ�ÊWÄ�Å�ÒKÏOÓ�Æ[Æ[ÉÖÓ�Ô�Ì�ÓKÔ�Ì�ÎYÇ�ÏWÅRÆ�Ê,Æ[Ç�È~ÉÖÆRÚY¦�ÅRÉÖÓKÊWÈ~Ñ�ÅRÉ�FÉ~Ç2Ð:Õ�Í�ÉKh%Ì�ÅUÔ�Æ[È×ÊWÈ~ÅRÆ]Ð]ÅUÏWÅ�Ç!Õ�Æ[ÅGÏWÑ�Å_Ì�È~Ô%ÊWÄ�Å;É~Ç�Ç�Æ[Åeé�ÒKÏOÓ�Ô�Í�ÉÖÓ2Ï�R·fMÄ�Ç�ÏWÈK�RÇ�Ô�Æ;ßïñ���éKñ�ARË�à8ÎYÇ!É~É~Ç2Ð�Å_ÌÕ�FæÓ<ÒKÏOÓ!Ì�Í�Ó�É�È~ÔCAUÏWÅ_ÓKÆ[Å"È~ÔæÊWÄ�Å(Ë$Ç�ÏWÅ(Ë%ÓKÆ[Æ[ÈÖÑ!Å � f$ÓKÔ�Ì£��fMÄ�ÇKÏWÈK�RÇ!Ô�ÆRÚ¬�^ÔÞÔ�Ç!ÔgfMÅUÏWÇ�Ì�Å_Ì�F�ÅUÊÆ[Ä�ÓKÉÖÉ~Ç_ÐÛÆ[Ç�ÈÖÉ~ÆeÈ~Ô(ÊWÄ�Å @ Í�ÉÖÓKÆ[ÅUÐ,Ó�Ó�Ô�Ì��eÇKÏWÇSh�Í�ÉÖÓ$ÎEÇKÏWÅRÆ�ÊeØ�É~ÇKÊWÆ�ÊWÄ�Å>R2fMÄ�Ç�ÏWÈK�RÇ!Ô(Ð]Ó�Æ;Æ[ÅRØ�ÓKÏOÓ2ÊWÅ_ÌÎYÏWÇ�ËûÊWÄ�Å�Ø�ÓKÏWÅUÔ�Ê,ÏWÇ�A4h$Õ�F%Ç!Ô�ÉKF�Ó6ÊWÄ�È~Ô � �S��fMÄ�ÇKÏWÈE�UÇ!ÔgÏWÅRÆ[Í�É×ÊWÈÖÔ�Ò�È~Ô|ÓiÆ[Ä�Ó2ÏWØ�È~ÔCAGÏWÅ_Ó�Æ[ÅeÈ~ÔgÕ�Í�ÉKhÌ�ÅRÔ�Æ[È×ÊHF Ô�Å_Ó2ÏwÊWÄ�Å�Æ[Ç�È~É��!ÏWÇ�A.h$È~Ô�ÊWÅUÏ[ÎEÓBARÅiß¡� � ¢�� ÎYÏWÇ�Ë³ã�Ú �eÊWÇié�Ú�ã�Ò�ARË �[¸ È~Ô�ÊWÄ�Å·�eÇ�ÏWÇSh�Í�ÉuÓ;ÎYÇ�ÏWÅRÆ�ÊØ�É~Ç�ÊGàGÚ

¤ Í�Å�ÊWÇjÊWÄ�Å�Æ[Ë%Ó�É~É,Æ[ÈK�RÅ|Ç�Î�ÊWÄ�ÅrU6VCWDX<Z§\[]^V[_�_�`aVCbdcëØ�É~ÇKÊ(ß~ã_ñ�ñ"ËZ�Uà Ó�Ô�Ì0ÊWÄ�Å�É~È~Ë$È~ÊWÅRÌÔ�Í�Ë�Õ>ÅGÏ�ÇKÎ>A_Ó�Ø�ÓBARÈ×ÊOÓ�ÔMARÅ<Ø�ÏWÇ!Õ>Å"ÓBA$ARÅUÆ[ÆgÊWÍ�Õ>ÅRÆ"ßMé!à%È~Ê�Ð,ÓKÆ(Ì�È��'ARÍ�É×ÊgÊWÇ�Æ[Ø>Å$ARÍ�ÉuÓ2ÊWÅ3Ç�Ô:ÊWÄ�ÅÆ[Ø�Ó2ÊWÈuÓKÉ�Ñ!Ó2ÏWÈÖÓKÊWÈ~Ç!Ô6Ç�Î�ÊWÄ�ÅpÕ�Í�ÉKh;Ì�ÅRÔ�Æ[È×ÊHF�Ú���Ç_Ð�ÅRÑ�ÅUÏUé2ÊWÄ�ÅãÊTÐ]ÇfØ�ÏWÇJ��É~ÅRÆÝÐ�ÅUÏWÅ8ÏWÅUË%ÓKÏqh�Ó�Õ�É�F�Æ[ÈÖË$È~ÉÖÓKÏUéÆ[Í�Ò�Ò!ÅRÆ�ÊWÈ~Ô�ÒQÊWÄ�ÓKÊ,ÊWÄ�ÈÖÆfË%Ó$F%Ä�Ó_Ñ�Å�Õ>ÅRÅRÔ|É~Ç_ÐeÚ
@ Ä�Å&Æ[Ø�Ó2ÊWÈÖÓ�ÉeÑ�ÓKÏWÈÖÓKÊWÈ~Ç!Ô:È~ÔðÊWÇ!Ø�Æ[Ç!È~É;Õ�Í�ÉKhòÌ�ÅUÔ�Æ[È×ÊHFæÈÖÔðÊWÄ�Å¡�%Ze`aV[_$�!�>VðÓ�Ô�Ì£�6X[]^X<�Zd`aV

�,XC]J�g_$�QØ�É~Ç�ÊWÆeÐ,ÓKÆ>AUÇ!Ô�Æ[ÈÖÌ�ÅUÏOÓ�Õ�ÉKF"ÉÖÓKÏWÒ�ÅUÏ Ì�Í�Å ÊWÇ|É~Ç�A_Ó�É8ÅUÏWÇ!Æ[È~Ç�Ô0Ç�Î]ÊWÄ�Å'R2fMÄ�ÇKÏWÈK�RÇ!Ô5éÝÅ���Ø>Ç�Æ[ÈÖÔ�ÒÊWÄ�ÅeË$ÇKÏWÅeË%Ó�Æ[Æ[È~Ñ�Å � f]Ó�Ô�ÌI��fTÄ�Ç�ÏWÈK�RÇ�Ô�ÆRÚ @ Ä�ÅeÆ[Ø�ÓKÊWÈÖÓKÉÙÑ!Ó2ÏWÈÖÓKÊWÈ~Ç!Ô(È~Ô(Õ�Í�ÉKh�Ì�ÅRÔ�Æ[È×Ê,F|Ì�Å$AUÏWÅ_ÓKÆ[Å_ÌÈ~Ô�ÊWÄ�Å�Æ[Í�Õ�Æ[Ç�È~ÉÙÓ�ÆfÈ~Ô�Ì�ÈKA_ÓKÊWÅ_Ì�Õ!F%ÊWÄ�Å;Æ�ÊOÓ�Ô�Ì�ÓKÏOÌgÌ�ÅRÑ�ÈÖÓKÊWÈ~Ç!Ô�ÆfÈÖÔ @ Ó�Õ�É~Å>��Ú é�Ú
�^Ô ÊWÄ�Å%�6XC]JX< ¡V[bd¢d�QX[]^�g_$�fØ�É~Ç�Ê8Õ�Í�ÉKh Ì�ÅRÔ�Æ[È×Ê,F�Æ[Ä�Ç2Ð�Å_Ì�É~È×Ê[ÊWÉ~Å�Æ[Ø�ÓKÊWÈÖÓ�É�Ñ!Ó2ÏWÈÖÓKÊWÈ~Ç!ÔAÚYRæÉ~È~ÊWÄ�ÇBfÉ~Ç!Ò!ÈKA_ÓKÉ�AOÄ�ÓKÔ�Ò�ÅgßEÎYÏWÇ�Ë�ÓKÔ�Ì�ÅUÆ[È~ÊWÅiÊWÇgÌ�ÓBARÈ×ÊWÅ^¹2à&Ð]Ó�ÆeÇ�Õ�Æ[ÅUÏWÑ�ÅRÌjÈ~ÔjÊWÄ�ÅiÑ!ÓKÉ~ÉÖÅ.F&ÓKÊ;ÊWÄ�Å Ô�Ç�Ï[ÊWÄ�ÅGÏWÔÅ_Ì�Ò�Å�ÇKÎèÊWÄ�Å�Ø�É~ÇKÊ,Ó�Ô�Ì�Ä�ÅUÏWÅ�ÊWÄ�Å�Õ�Í�ÉKh$Ì�ÅRÔ�Æ[È×ÊHFQÇ�ÎAÊWÄ�Å�Ç2Ñ�ÅGÏWÉKF�È~Ô�Ò6Æ[Ç�ÈÖÉ>Ð]Ó�Æ,Æ[É~È~Ò!Ä�ÊWÉ�F%ÉÖÇ_Ð�ÅUÏ,ÊWÄ�ÓKÔÊWÄ�Ç�Æ[ÅeÇ�ÎÙÊWÄ�Å;Æ[Ç!È~É~Æ�Ç�Ô�ÊWÄ�Å�Æ[ÉÖÇ�Ø>ÅiÓ�Ô�Ì%ÏWÈÖÌ�Ò!Å�Ú
��Ô�É�F3Ç!Ô�Å�ÓBA�ARÅRÆ[Æ�ÊWÍ�Õ>Å�Ä�Ó!Ì0Õ>ÅRÅRÔ0È~Ô�Æ�ÊOÓ�É~É~Å_ÌåÈ~Ô0ÊWÄ�Å$ÎYÇ�ÏWÅRÆ�ÊWÅ_Ì ¥ `a�!X<`a�!\[V»ºSVC�$ºB¼9 N�Mb?�!Ú

@ Ä�ÅiÑ!Ó2ÏWÈÖÓKÊWÈ~Ç!Ô&È~Ô"Õ�Í�ÉKh|Ì�ÅRÔ�Æ[È×ÊHFgÐfÈ~ÊWÄ"Ì�ÅUØ�ÊWÄ(È~ÆeÆ[Ä�Ç_ÐfÔjÈ~Ô3êÙÈ~Ò!Í�ÏWÅ[ãUæ�Ú �|ÓKÔ�Ì|Ð,ÓKÆ;Æ[È~Ë$ÈÖÉÖÓ2ÏeÊWÇÊWÄ�Ç�Æ[ÅeÇ!Õ�Æ[ÅGÏWÑ�Å_Ì�È~ÔgÊWÄ�Å;Æ[Ç!È~É~Æ�Ç�ÎãÊWÄ�Å��eÇ�ÏWÇSh�Í�ÉuÓ�Ó�Ô�Ì��eÇ�ÏWÇ�Ë%Ó�Ô�ÈxÎEÇKÏWÅRÆ�Ê�Ø�É~Ç�ÊWÆRÚ
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R�Ñ!ÅUÏOÓ�Ò�Å�Õ�Í�ÉKhiÌ�ÅRÔ�Æ[È×ÊWÈÖÅUÆ8ÎYÇ�Ï]Ñ�ÓKÏWÈ~Ç�Í�Æ8Ì�ÅRØ�ÊWÄQÈ~Ô�ÊWÅUÏWÑ!ÓKÉ~ÆJé®ARÇKÏ[ÏWÅRÆ[Ø>Ç!Ô�Ì�È~Ô�ÒeÊWÇ�ÊWÄ�Ç!Æ[Å�ÓKÊ8ÐfÄ�ÈKAOÄÆ[Ç!È~ÉãÆWÓ�Ë$Ø�É~ÅRÆ�Ä�Ó!Ì(Õ>ÅRÅRÔPAUÇ!É~É~Å$AUÊWÅ_Ì(ÎEÇKÏ�AOÄ�ÅRË$ÈKA_ÓKÉãÓ�Ô�Ó�É�F�Æ[ÅRÆJé>Ð]ÅUÏWÅ>A_ÓKÉEAUÍ�ÉÖÓKÊWÅ_Ì(ÎYÏWÇ�Ë�Ì�ÓKÊOÓ'ARÇ�ÉKfÉ~Å$AUÊWÅ_ÌÞÌ�Í�ÏWÈ~Ô�Ò3È~Ô�Æ�ÊOÓKÉÖÉÖÓ2ÊWÈÖÇ�ÔðÇ�Î;ÊWÄ�ÅIA_ÓKØ�ÓBAUÈ~ÊOÓKÔCARÅ(Ø�ÏWÇ!Õ>Å(ÓJA$ARÅRÆ[Æ%ÊWÍ�Õ>ÅUÆ$Ó�Ô�ÌåÎYÏWÇ�Ë�ÊWÄ�ÅIAUÇ�ÏWÅÆWÓ�Ë$Ø�ÉÖÅ]Ì�ÓKÊOÓ�Ú @ Ä�Å]ÏWÅUÆ[Í�É×ÊWÆ�Ó2ÏWÅ,Ò!È~Ñ�ÅRÔ È~Ô @ Ó�Õ�É~Å%��Ú é�ÊWÇ!Ò�ÅUÊWÄ�ÅUÏpÐfÈ×ÊWÄQÆ[È~Ò!Ô�È��[A_ÓKÔCARÅfÉ~ÅRÑ�ÅRÉ~ÆpÎEÇKÏ8ÊWÄ�ÅÌ�È��xÅUÏWÅRÔMARÅRÆ8Õ>ÅUÊ^Ð�ÅRÅRÔ$Æ[È×ÊWÅ�Ë$Å_Ó�Ô�Æ�ÓKÆ#A_ÓKÉEAUÍ�ÉÖÓKÊWÅ_ÌQÐfÈ×ÊWÄQÊWÄ�Å � F�ÈCÉ®Ê.Ë�F^Ì D F>Ì�ÈÖÆ�Ê[ÏWÈ~Õ�Í�ÊWÈ~Ç!Ô(ßPè�Ø�È~ÅRÒ!ÅUÉuéã_äeä!é!àGÚ @ Ä�Å�ÎEÍ�É~É�Æ[ÅUÊ8ÇKÎ>Õ�Í�ÉEh6Ì�ÅRÔ�Æ[È×Ê,F�Ì�ÓKÊOÓ�Ç!Õ�ÊOÓKÈ~Ô�Å_Ì ÎuÏWÇ!ËÊWÄ�Å]Æ[Ç!È~ÉgARÇ�ÏWÅRÆpÈ~ÆpØ�ÏWÅRÆ[ÅUÔ�ÊWÅRÌ È~Ô�R�ØMfØ>ÅRÔ�Ì�È��$é�æ�Ú9ÍTÔ�ÊWÅGÏWÅRÆ�ÊWÈ~Ô�Ò!É�FGé�ÊWÄ�Å,Õ�Í�ÉEh Ì�ÅUÔ�Æ[È×ÊHF Ç�ÎxÊWÄ�ÅfÒKÏOÓ�Æ[Æ[ÉÖÓ�Ô�Ì$ÊWÇ�Ø�Æ[Ç�ÈÖÉ�Ð,Ó�ÆwÔ�ÇKÊwÆ[È~Ò�Ô�È��[A_ÓKÔ�ÊWÉKFÄ�È~Ò!Ä�ÅUÏeÊWÄ�ÓKÔ&ÊWÄ�Ç!Æ[ÅQÇKÎ]ÊWÄ�ÅiÊWÇ!Ø�Æ[Ç!È~É~Æ ÇKÎ�ÊWÄ�Å ÏWÅRÆ[Ø>Å$AUÊWÈ~Ñ�Å�ÎYÇ�ÏWÅRÆ�Ê Ó2ÏWÅ_Ó�Æ%ß @ ÓKÕ�É~Å���Ú é�à?éãÓ�É×ÊWÄ�Ç!Í�Ò�ÄÊWÄ�ÅQÄ�È~Ò!Ä�ÅUÆ�Ê6Ñ!ÓKÉÖÍ�ÅRÆeÐ]ÅUÏWÅ$Ç�Õ�Æ[ÅUÏWÑ!Å_Ì"È~Ô��eÇKÏWÇSh�Í�ÉÖÓ�ÎYÇ�ÏWÅRÆ�Ê_Ú���Ç2Ð�ÅRÑ�ÅUÏUéÝÕ�Í�ÉEh&Ì�ÅRÔ�Æ[È×ÊWÈ~ÅRÆ6Ç�Î]ÊWÄ�ÅÒ�ÏOÓKÆ[Æ[ÉuÓKÔ�Ì3Æ[Í�Õ�Æ[Ç�ÈÖÉãÐ�ÅUÏWÅQÆ[È~Ò!Ô�ÈK�CA_Ó�Ô�ÊWÉ�F&Ä�È~Ò!Ä�ÅUÏeÊWÄ�ÓKÔ"Ç�Õ�Æ[ÅUÏWÑ!Å_Ì3Ó2ÊGARÇ�Ï[ÏWÅUÆ[Ø>Ç!Ô�Ì�È~Ô�Ò(Ì�ÅRØ�ÊWÄ�Æ;È~ÔÊWÄ�Å @ Í�ÉÖÓ�Æ[ÅUÐ]Ó$Ó�Ô�Ìr�eÇ�ÏWÇ�Ë%Ó�Ô�ÈAÎYÇ�ÏWÅRÆ�Ê�Ø�É~Ç�ÊWÆRÚ
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RÛÆ[Í�Ë$Ë%ÓKÏ�FgÇ�Î8ÊWÄ�Å�Ì�ÓKÊOÓ%Ç!Ô&ÆWÓKÊWÍ�ÏOÓKÊWÅ_ÌjÄ�F�Ì�ÏOÓ�Í�É~ÈEA>ARÇ�Ô�Ì�ÍMAUÊWÈ~Ñ�È~ÊWÈ~ÅRÆ�ß��6ü^ý � à�ÎEÇKÏeÊWÄ�Å6ÊWÇ!Ø�Æ[Ç�È~ÉÖÆÓ�Ô�Ì&Æ[Í�Õ�Æ[Ç!È~É~ÆeÍ�Ô�Ì�ÅUÏ�Ò�ÏOÓKÆ[Æ ÓKÔ�ÌjØ�È~Ô�ÅiÎEÇKÏWÅRÆ�ÊWÆ6ÈÖÆ�Ø�ÏWÅRÆ[ÅRÔ�ÊWÅ_ÌjÈ~Ô @ Ó�Õ�É~Å���Ú �)éÝÐfÄ�ÅUÏWÅ_ÓKÆ;ÊWÄ�Å ÏOÓRÐÌ�Ó2ÊOÓ�Ä�Ó2Ñ!Å�Õ>ÅRÅRÔjÊOÓ�Õ�Í�ÉÖÓKÊWÅRÌ"È~Ô�R�Ø�Ø>ÅRÔ�Ì�È��&é�æ�Ú @ Ä�Å$Ì�Ó2ÊOÓ%Ð�ÅUÏWÅQÔ�Ç�Ê6Ô�ÇKÏWË%Ó�É~É�F&Ì�È~Æ�Ê[ÏWÈ~Õ�Í�ÊWÅ_Ì5éÓ�Ô�Ì"Ë$Å_Ì�ÈuÓKÔ3ÓKÔ�Ì&Ë$Ç�Ì�Å�Ñ�Ó�É~Í�ÅRÆiÓKÏWÅQÊWÄ�ÅGÏWÅUÎEÇKÏWÅ$ÈÖÔMARÉ~Í�Ì�Å_Ì"È~Ô<Ó�Ì�Ì�È~ÊWÈ~Ç�Ô"ÊWÇgÊWÄ�ÅQË$Å_Ó�Ô�ÆRÚ��6ü^ý �Ð,ÓKÆ]Ò!ÅRÔ�ÅUÏOÓ�É~É�F�Ä�È~Ò!Ä�È~Ô�ÊWÄ�Å�ÒKÏOÓ�Ô�Í�ÉÖÓ2Ï,ÊWÇ!Ø�Æ[Ç�È~ÉÖÆfÓKÔ�Ì%Ì�Å�AUÏWÅ_Ó�Æ[ÅRÌ�Æ[Ä�Ó2ÏWØ�É�F$È~Ô%ÊWÄ�Å�Ë$ÇKÏWÅ�Ë%ÓKÆ[Æ[È~Ñ�Å
� fãÓKÔ�Ì'��fMÄ�Ç�ÏWÈK�RÇ!Ô�ÆRÚ @ Ä�Å�Æ[Ø�Ó2ÊWÈuÓKÉ�Ñ�ÓKÏWÈÖÓKÊWÈ~Ç!Ô$Ð]Ó�Æ�Ä�È~Ò!Ä%ÓKÊ�Ó�É~É�Æ[È×ÊWÅRÆ�Ó�ÆwÈÖÔ�Ì�ÈKA_Ó2ÊWÅ_ÌQÕ�F ÊWÄ�Å�ÉÖÓ2ÏWÒ!ÅÏOÓ�Ô�Ò!Å|È~ÔæÑ�Ó�É~Í�ÅRÆRÚÖÕèÇ_ÐrÄ�F�Ì�ÏOÓ�Í�É~ÈEA6ARÇ!Ô�Ì�ÍCAGÊWÈÖÑ�È×ÊWÈ~ÅRÆQÐ]ÅGÏWÅ(Ë$Å_Ó�Æ[Í�ÏWÅ_ÌåÈ~ÔåÊWÄ�ÅgÊWÇ�Ø�Æ[Ç!È~É�Ç�Î;ÊWÄ�Å
@ Í�ÉÖÓKÆ[ÅUÐ,Ó(ÓKÔ�Ì¡�eÇKÏWÇSh�Í�ÉÖÓ�ÎYÇ�ÏWÅRÆ�Ê Ø�É~ÇKÊWÆ6ÐfÄ�ÅUÏWÅQÊWÄ�Å�Ò�ÏOÓ�Ô�Í�ÉuÓ2ÏTR2fMÄ�ÇKÏWÈE�UÇ!Ô<Ä�Ó!Ì"Õ>ÅUÅRÔ3ÅUÏWÇ�Ì�Å_Ì5éÊWÄ�Í�Æ�Å.��Ø>Ç�Æ[È~Ô�Ò�ÊWÄ�Å � �S�Ä�ÇKÏWÈE�UÇ!ÔjÊWÇ�ÊWÄ�ÅiÆ[Í�Ï[ÎEÓBARÅ�éÝÐfÄ�ÅGÏWÅ_Ó�ÆeÄ�ÈÖÒ�Ä"Ñ�Ó�É~Í�ÅRÆ�Ð]ÅGÏWÅQÇ!Õ�Æ[ÅUÏWÑ�Å_ÌjÈ~ÔÓKÏWÅ_ÓKÆ,ÐfÄ�ÅUÏWÅeÊWÄ�Å�R2fMÄ�ÇKÏWÈE�UÇ!Ô�Ð]Ó�Æ�Æ�ÊWÈ~ÉÖÉèØ�ÏWÅRÆ[ÅUÔ�Ê_Ú

@ Ä�Å'� üTý � Ì�ÓKÊOÓ�Ð�ÅUÏWÅ$Ô�ÇKÊ6Ô�ÇKÏWË%Ó�É~É�F3Ì�È~Æ�Ê[ÏWÈÖÕ�Í�ÊWÅ_Ì"Ó�Ô�Ì3Ó�Ô�Ç!ÔgfTØ�ÓKÏOÓKË$ÅUÊ[ÏWÈKA�ÊWÅRÆ�Ê%ßQL|Ó�Ô�ÔMf× È×ÊWÄ�Ô�Å�FØ¦�Ó�ÔChØ��Ç�Ï[ÏWÅRÉÖÓKÊWÈ~Ç�Ô�Ù���Ç!Ô�Ç2Ñ�ÅGÏUé�ã_äB�!ñ!à Ð,Ó�Æ$Í�Æ[Å_Ì0ÊWÇ&ÊWÅRÆ�Ê$ÐfÄ�ÅUÊWÄ�ÅGÏ'�6ü^ý � Ì�È��xÅUÏWÅRÌÆ[È~Ò!Ô�È��CA_Ó�Ô�ÊWÉ�FQÕ>ÅUÊTÐ]ÅRÅUÔQÆ[È×ÊWÅRÆRÚ � ÇeÆ[È~Ò!Ô�È��[A_ÓKÔ�Ê�Ì�È��xÅUÏWÅUÔCARÅRÆpÐ]ÅGÏWÅ�Ç�Õ�Æ[ÅUÏWÑ�ÅRÌ�Õ>ÅUÊ^Ð�ÅRÅRÔQÊWÄ�Å,Ò�ÏOÓ�Æ[ÆsfÉÖÓ�Ô�Ì(Ø�ÉÖÇKÊ;ÊWÇ!Ø�Æ[Ç!È~ÉpÓ�Ô�Ì|ÊWÄ�Ç!Æ[Å Ç�Î8ÊWÄ�Å6ÎEÇKÏWÅRÆ�Ê6Ø�É~Ç�Ê�ÊWÇ!Ø�Æ[Ç�È~ÉÖÆRÚ @ Ä�Å�Ä�F�Ì�ÏOÓKÍ�É~ÈKATARÇ�Ô�Ì�ÍCAUÊWÈ~Ñ�È×ÊHF|ÇKÎÊWÄ�Å6Æ[Í�Õ�Æ[Ç!È~ÉpÈ~ÔjÊWÄ�Å���É~ÅRÇ�É~ÅRÒ�Ó�A_ÓKÊqAOÄ�Ë$ÅRÔ�ÊfÐ,ÓKÆeÆ[È~Ò!Ô�È��CA_Ó�Ô�ÊWÉ�F(É~Ç_Ð]ÅUÏ%ß��DÚùñ�Ú ñ<æ�à�ÊWÄ�ÓKÔ(ÊWÄ�ÓKÊ�È~ÔÊWÄ�Å��eÇKÏWÇ!Ë%ÓKÔ�È>ÎEÇKÏWÅRÆ�Ê�Ø�É~Ç�Êiß @ Ó�Õ�É~ÅG��Ú ��àGÚ � ÇQÆ[È~Ò�Ô�È��[A_ÓKÔ�Ê�Ì�È��xÅUÏWÅRÔCAUÅRÆ,Ð]ÅUÏWÅeÇ�Õ�Æ[ÅUÏWÑ�ÅRÌ�ÎEÇKÏ�ÊWÄ�ÅÇ�ÊWÄ�ÅUÏfÆ[È×ÊWÅRÆRÚ
)�*H+�*�) Û�02=?02µ[1�:!¶·ÜÞÝß021.µg:?;>=?7ßàá79:<7Y´:<1402´âÐ%´>ÏãÛ�3qÐ%´:åäÞÔ�Ð%1434Ð#æ�3q7
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R�Ñ�ÅGÏOÓ�Ò!ÅwÆ[Ç!È~É�Ë$Ç!È~Æ�ÊWÍ�ÏWÅ8ÏWÅUÊWÅRÔ�ÊWÈ~Ç!Ô>ARÍ�ÏWÑ!ÅRÆãÓ�Ô�ÌiÍ�Ô�ÆWÓ2ÊWÍ�ÏOÓKÊWÅRÌiÄ�F�Ì�ÏOÓKÍ�É~ÈKA�ARÇ�Ô�Ì�ÍCAUÊWÈ~Ñ�È×ÊHF%ß���èJé!ü^ý �Ç�Ï��GêKàAUÍ�ÏWÑ�ÅRÆ;Ð�ÅUÏWÅ�A_ÓKÉKARÍ�ÉÖÓKÊWÅRÌ"ÎEÇKÏ6Å_ÓBAOÄ3Æ[È×ÊWÅQÐfÈ×ÊWÄ<Ó�ARÇ!Ë$Ø�Í�ÊWÅUÏ�Ë$Ç�Ì�ÅRÉfß�Ñ�Ó�Ô�ë�ÅRÔ�ÍCAOÄ�ÊWÅUÔ�éã_äB�!ñ�àGÚ @ Ä�Å]Ë$Ç�ÈÖÆ�ÊWÍ�ÏWÅwÏWÅUÊWÅUÔ�ÊWÈ~Ç�Ô�Ì�ÓKÊOÓ)é!Ó�Ì�ÅRÆ�AUÏWÈ~Ø�ÊWÈ~Ç�Ô�Ç�Î�ÊWÄ�Å8Ë$Ç�Ì�ÅRÉ�ÓKÔ�ÌeÊWÄ�Å8ÏWÅRÆ[Í�É×ÊWÈ~Ô�Ò�Ë$Ç�Ì�ÅRÉØ�Ó2ÏOÓ�Ë$ÅUÊWÅUÏWÆ8Ó2ÏWÅ�Ò�È~Ñ�ÅRÔ$È~Ô'R�Ø�Ø>ÅRÔ�Ì�È��Qé�æ�ÚXè�ÅRØ�Ó2ÏOÓKÊWÅ·ARÍ�ÏWÑ!ÅRÆãÐ]ÅUÏWÅ·A_ÓKÉEAUÍ�ÉÖÓKÊWÅ_ÌQÎYÇ�Ï8ÊWÇ!Ø�Æ[Ç�È~ÉÖÆ�Ó�Ô�ÌÆ[Í�Õ�Æ[Ç!È~É~ÆRÚ @ Ä�ÅiË$Ç�Ì�ÅRÉ~É~Å_ÌIARÍ�ÏWÑ!ÅRÆ�ÎYÇ�Ï;ÊWÄ�Å � Ó�Õ>Ç�Í(Ò�ÏOÓKÆ[Æ[ÉuÓKÔ�ÌjØ�É~Ç�Ê�ÓKÏWÅiÆ[Ä�Ç_ÐfÔjÈ~ÔjêÙÈ~Ò!Í�ÏWÅ>��Ú �)éÐfÄ�ÅUÏWÅRÓ�ÆeÊWÄ�Ç�Æ[Å�ÎEÇKÏiÊWÄ�Å @ Í�ÉuÓKÆ[ÅUÐ,Ó3é9�eÇ�ÏWÇBh�Í�ÉÖÓ)ée�eÇ�ÏWÇ!Ë%ÓKÔ�ÈãÎEÇKÏWÅRÆ�Ê Ø�É~Ç�ÊWÆJéÙÓ�Ô�ÌjÊWÄ�Ç�Æ[Å�ÎEÇKÏiÊWÄ�Å
��É~ÅRÇ!É~ÅRÒ!ÓIA_ÓKÊqAOÄ�Ë$ÅRÔ�ÊiÓ2ÏWÅ$Æ[Ä�Ç_ÐfÔ<È~Ô0êÙÈ~Ò!Í�ÏWÅRÆT��Ú æ3é9��Ú �3éD��Ú ä|Ó�Ô�Ì¡��Ú �3éãÏWÅRÆ[Ø>Å$AUÊWÈ~Ñ�ÅUÉKF�Ú @ Ä�ÅÓ_Ñ�ÅUÏOÓ�Ò�Å6Ø>Ç�ÏWÇ!Æ[È×Ê,F|Ç�ÎpÊWÄ�ÅeÆ[Ç!È~É~ÆJé>ÏWÅRØ�ÏWÅRÆ[ÅUÔ�ÊWÅRÌgÕ�F�ÊWÄ�ÅeÈÖÔ�ÊWÅUÏqAUÅRØ�Ê�Ç�ÎpÊWÄ�Å;ÏWÅUÊWÅRÔ�ÊWÈ~Ç!ÔPARÍ�ÏWÑ�Å;ÐfÈ×ÊWÄÊWÄ�Å2&fTÓJ��È~ÆJé�Ð,ÓKÆ,Ä�È~Ò!Ä5é�ÏOÓKÔ�Ò�ÈÖÔ�ÒiÎuÏWÇ!Ëì�S�®íùÎYÇ�Ï,ÊWÄ�Å�ÊWÇ!Ø�Æ[Ç!È~ÉxÇ�ÎèÊWÄ�Å � Ó�Õ>Ç�Í�ÒKÏOÓ�Æ[Æ[ÉÖÓ�Ô�Ì�Ø�É~ÇKÊ,ÊWÇ
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120-150100-12080-10055-8030-5520-3010-200-10Location                      Depth [cm]:

                                             Bulk Density [g cm-3]
1.631.521.481.401.261.161.030.99NABOU GRASSLAND
0.000.000.000.050.010.090.110.18Standard deviation

22233444Sample points

1.121.071.101.020.950.980.960.97TULASEWA FOREST
0.090.090.130.130.170.180.200.20Standard deviation

45610118811Sample points

1.531.501.511.311.281.16KOROKULA FOREST
0.150.160.180.140.080.14Standard deviation

56881112Sample points

1.391.331.291.321.261.150.99KOROMANI FOREST
0.050.060.110.110.140.16Standard deviation

158127710Sample points

OLEOLEGA CATCHMENT
1.41+1.211.141.07Forested

0.090.07Standard deviation
1212Number of samples

BETWEEN SITE DIFFERENCES IN MEANS
>***>***>***>***>***>*nsnsGrassland <> Tulasewa

nsns<**<*<***<**Grassland <> Korokula
>***>**ns<*nsnsGrassland <> Koromani

nsnsGrassland <> Oleolega forested
<***<***<***<***<**nsTulasewa <> Korokula

<***<***<***<**nsTulasewa <> Koromani
<***<*Tulasewa <> Oleolega forested

>**>***>***ns>**>***Korokula <> Koromani
>**>**Korokula <> Oleolega forested
ns<*Koromani <> Oleolega forested

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01
+: Assumed value; Underlined values have been obtained by linear interpolation
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nMaximumMinimumModeMedianSDAverageDepthLocation
[m day-1][m day-1][m day-1][m day-1][m day-1][cm]

71610.952.86.458300-30Nabou Grassland
20.430.070.250.180.2530-64

121010.00030.491.532180-30Tulasewa Forest
12290.00000.00670.138.43.830-75
50.0870.0010.00270.0120.040.0375-150

162510.22.16.362300-30Korokula Forest
50.411E-050.0010.0090.180.0930-90

13660.012.33.223160-30Koromani Forest
70.750.0040.210.230.240.2630-64

242250.060.66.562380-35Oleolega Forest
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Tulasewa, 0-30 cm

Alpha=0.061
n=1.098
r2=0.14
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Tulasewa, 30-150 cm

Alpha=0.042
n=1.094
r2=0.13
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Korokula, 0-30 cm

Alpha=0.098
n=1.197
r2=0.41
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Korokula, 30-87 cm

Alpha=0.029
n=1.142
r2=0.12
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Koromani, 0-30 cm

Alpha=0.494
n=1.099
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Koromani, 30-64 cm

Alpha=0.117
n=1.081
r2=0.11
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Oleolega, 0-10 cm

Alpha=0.070
n=1.179
r2=0.68

0 0.5 1 1.5 2 2.5 3 3.5
pF

1E-06

1E-05

0.0001

0.001

0.01

0.1

1

10

K
-u

ns
at

 [m
 d

ay
-1

]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Theta [m3 m-3]

0

1

2

3

4

5

6

pF

+ +++ +++++ + ++ +
+ ++++ ++++ + ++ +

+ +++++ +++ + ++ ++ ++ +++ +++ + ++ +
+ ++ +++ +++ + ++ +

+ ++ +++ +++ + ++ +
+ ++ +++ +++ + ++ +

+ ++ + ++ +++ + ++ +
+ +++

Oleolega, 40-70 cm
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n=1.255
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        Available water for plantsWater holding capacity            PorosityLocation
0-80 cm30-80 cm0-30 cmSubsoilTopsoilSubsoilTopsoil

mmmmmmm3 m-3m3 m-3%%

10058420.1150.14039 (2)46 (6)Nabou grassland
167112550.2230.18464 (5)61 (5)Tulasewa forest
12364590.1280.19550 (5)49 (5)Korokula forest
10966430.1320.14254 (3)55 (4)Koromani forest
174108660.2260.23351 (7)58 (5)Oleolega catchment
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v��}v�y�x	y���{1�swh{1��|�~®� �(z������}v�x�~�z �5��v�z���{�~s|�x1�8y������
|�{}�M�}v�z2y�u�x&��xn�d{}��y�u ��» z ��� ��v$|�|��i{1�W� v$�}v�z�x1|�whv$v$·��ix&z�v^�${}�d�d{1�Xx	y2y�uMv*�8y�x	z yi{&�Uy�u�v*~(z �
� v�x&� {}��x1��~Ny�u�v$� vY��x$�Ny z����}�1v�z4� v$v�~d�(z�{�~M���/y���{1� é �>{}|�|�{	w<v�~����py�u�vY~(�(�����^{1¼.{1�+y�u�vY�d��� � ��{}�
�&z�x1� �*��½�¾�¿ è v���y���{}� �$�(� �
� �

thuMv���|�x1��ypx��}x&��|�x&��|�vdw4x&y�v/zN��x&��x&�$�'y��7{1�4y�u�vd� {1��|<����y�u�v�À4ÁGÂ>Ã�Ä$Å�Æ*Ã®Ç�È�É	Å(Ä$ÊT�M|�{1y^w4x&�
uM���1u5x1��~���yp���py�uMv�z�v��A{&z�v��M��|���·
v$|'��y�u�x&y*y�u�vd�>{1z�v$�8ypwh{}�M|�~5v/¹M��v/z���v����$vd�>z�v$Ë��Mv$��y*�d{}���8y��Mz�v
�8y z�v$� � � ×�'y�uFx1��x��
v�z�x&�}vp~(z �X� v$x1� {}�7¯WtÌ{1�W� � ���d�º~�x$� �G³ � è v$��y���{1� ´�� ´ � é y�u�v^�M����v�zi  �
�$�Í{&�Yy�uMvd� {}��|<w<{}��|�~�{1��|'����vT~Mv���|�v�y�v�~�x	�>y�v�z °�±�Î ~�z �7w<v$v$·�� ��Ï �ay�uMvT�M����vdz�{�{1y��^whv�z�v
{1��� v�z��
v$~dy�{^v�¹�y�v$��~Nwhv$|�|���v��
{}��~Ny�uM���4~Mv$�(y�u�x}~M~M�'y���{}��x&|��d{}���8y��Mz�vY��x$�N��vYv�¹�y z�x1�/y�v�~n�>z�{}�
~(v$v$��v�z*|�v$�
v$|��^����y�u�vd� {1��|h~M�(z�������~�z �7��v/z���{�~(� � �2{X� ���}�M�p{&�4w4x&y�v/zN�8y z�v$� �^whv/z�vd{}��� v/z��
v�~
~(�Mz������*y�u�va�Mz�v�� v$��y`�8y���~(� �

×�x&y�v�z<�8y z�v$� � é x1�h����~M����x&y�v$~����duM���}u���v$v$~M|�vY�Ax1|�|3��Ð<u�x&�My�v�z �	� � é uM{�whv$�
v/z é w4x1�<{}��� v/z��
v�~
����y�u�v�Ñ�È�É	È�Ò9ÁGÂ>ÃÓÇ�È�É	Å(Ä$ÊT��|�{1yNx&�)y�v�zdx�~�z ����v�z���{�~K{1�`� v��
v$��whv�v$·��p����w`u�����u5xXy�{1y�x1|�{1�
� � � �p�d�j{&��z�x&���M��x&|�|+whx1�<z�v��${1z�~(v�~ � ×Ô��y�uTx&�Tv��8y�����x	y�v�~d~(z �N� v�x1� {1�.¯Wt®{&�#� ± �^�d�m~�x$�+�G³
��Ð<u�x1�My�v/z ¸ � é � {}��|��d{}���8y��Mz�vY���ny�u�vY���M��v�z�  � �$�o{&�+y�u�v`� {}��|�wh{1��|�~d��vi~(v$��|�v�y�v$~Nw`��y�uM����Õ��
v
w<v$v$·�� ��Ï |'y�uM{}���1u��M���MvNz�{�{1y��*x	y^�a{1z�{}·��M|)xTwhv�z�vn{1��� v�z��}v�~7�����/z�x1��·(�^���7y�uMvN��x&z�v$��yaz�{���·
�'yY���2�M��|���·
v$|'��y�u�x&yY|�x&z��1vNx&�d{}�M��y��4{&�3�d{}���8y��Mz�va��x$�T��vav�¹�y z�x1�/y�v�~��>z�{1�¡y�u�x&yY¢${1��v^~(��v-y�{
y�uMvi|����d��y�v$~T�8y�{&z�x1�}va�$x1��x&�$�'y��T{1�9y�u�vYz�{��/·Tx1��~�y�uMvi�1x1|���v2�}���
v$�����.t#x&��|�v-� � �N���4��{}��� ��~(v�z�v�~
z�v�x&|����8y���� � thu�vn�M��~(v�z��1z�{�w4y�u����7�a{1z�{1·(�M|�xT� uM{	w<v�~7� ���1���^{1��w`��|'y�������{}�7� v$�
v�z�x&|W{�����x1� ��{}�M�
~(�Mz�������y�u�vN~(z ��� v�x&� {}������~M����x&y����M��y�u�x	y-y�{}�M� {}��|W�d{}���8y��Mz�vpu�x}~F��v$v$�7~Mv���|�v�y�v�~ �p¬ {�whv$�
v/z é
�M���Mv`��v$v�~(|�v2|��'y y�v�z ��x&|�|+z�v���x1����v�~n|�{�wÓ~(�Mz������ay�u�v�� v2��v�z���{�~(�<� ���1�}v$�8y����M�py�u�x	y�y�uMv2�M����v$�3whv�z�v



ô+Ö ×+Ö õ3ØiÙ�ÚÛYeXÜ·õ�Ù&fhgpÚ_fhe*g*Ý*g�faÞhßYÝaÙ4õ3Þ<Ù&f%õ O ¾

�8y���|�|9x1�M|�v-y�{nv�¹�y z�x1��yY�d{1���8y��(z�vi�>z�{1�¡y�u�v-� �M��� {}��| �
thu�v4�M|�x1��yWx��}x&��|�x&��|�v4w4x&y�v/z��$x1��x&�$�'y��p{1��y�uMvh���M��v�zW  � ���_{1��y�uMv4� {}��|����py�uMv4Ñ.È�É	È+à�Ã�á#â

Ç�È�É&Å(Ä$Ê2��|�{1yhwhx1�4� |����}u�y�|'�Tu����}uMv�zhy�u�x&�Ty�u�x&y4{&�9y�uMvi�ix1��{}�T�1z�x&� � |�x1��~ é �M�My<|�{�w<v�z4y�u�x&�Ty�u�x&y
{1�<�a{1z�{}·��M|)x��A{&z�v$�8y � ×�'y�u7x1��x	�}v�z�x1�1vd¯�t\{&�4� � � �d��~Mx�� �9³ � è v$�/y���{1� ´�� ´ �-�d{}���8y��Mz�vp���
y�u����d|�x$��v�zdwh{1��|�~®��vX~Mv$�M|�v/y�v�~®x	�>y�v�z�x7~(z �5��v�z���{�~®{&�^x7�d{1��y�u �®¬ {�whv$�}v�z é �M{�� ���}�M�T{&�
w4x	y�v�z^�8y z�v$� �-whv/z�vn{}�M� v�z��
v�~F����y�uM���2�A{1z�v��8y é v$�
v��7~(�Mz�������x�� v��
v$�M��w<v$v$·F~(z �X��v�z���{�~�w`u�v��
w4x	y�v�z<�8y z�v�� �Wwhx1�W{}��� v/z��
v�~N���ny�u�v4�Mv�x&z����*�a{1z�{1·���|�xi�A{&z�v$�8y<�M|�{1y é � �M�}�}v��8y����M�ay�u�x&yW�d{1���8y��(z�v
w4x&�Nv�¹�y z�x1�/y�v�~7�>z�{1�ã|�x$��v�z��p~Mv�v$��v�zp����y�uMv��Mz�{1Õ�|�v�x&��~�y�uMvdv$�8y�����x&y�v��}���
v$�K���5t#x&��|�vT� � �
�N�M�8yYy�uMv�z�v��>{1z�vN��v*�${1��� ��~Mv�z�v$~7x&���M��~(v�z�v$�8y�����x&y�v �iÏ �2�����a{&z�{}·���|�xd�A{&z�v$�8y-w`��|'y����M��{&��y�uMv
����~Mv�z��&z�{	w4y�uTw4x&�2{��$�$x1� ��{}��x1|�|'��{}�M� v�z��
v�~�x&yY�a{1z�{1��x1��� �

thu�v4�$x1|��$��|�x	y�v�~N��|�x&��y�x��1x1��|�x1��|�vhwhx&y�v�z���x1��x1�$�'y��N{&��y�u�vh�M����v�zW  � �$�_{&��y�u�vh� {1��|��Mz�{&Õ�|�v$�
��x1�d�M|�v$~T����y�uMv^�i|�v${}|�v$�}xn��x&y���u��dv���y<w4x1�`uM���1u �3¬ {	w<v$�
v�z é � {}��|9~Mv$�(y�uTwhx1�`{1�)y�v$�X{1��� v�z��
v$~
y�{i��v�|�v�� �3y�u�x1� °1� ���\{}�*y�u�v<z���~M�1v$�3x1��~p� uM{}��|�~(v�z��U{1��y�uMv<��x	y��/uM�dv$��y é w`u����/u*w`��|�|(|����d��yUy�uMv
x1�d{1����y��`{1�3� {}��|Gwhx&y�v�z-x��}x&��|�x&��|�v*�>{1z2y�u�va��|�x&��y��Y���Xy�u�v$� v*x	z�v�x1� �YÏ ~�~M�'y���{}��x1|9{}��� v/z��}x	y���{1���
x&z�va�Mv$v�~Mv$~T�A{&z`y�u�va�Mz�{1��v�z`��u�x&z�x&��y�v�z���¢�x	y���{1�F{1�#y�uMv-��x&y���u��dv���y`���Ty�u����4z�v$� ��v$��y �

ä^å�æ-å�ç èiéYê/ë�ì.íWî�ïdí3ð?Ð<ñ+ò^ð�í
thu�v�z�x&y�v�{1�2��x1�����(z�{��$v$� � v$�d���Ky�u�vT� {}��|4���dx��A�M����y���{}�5{&�2y�v$�d��v/z�x&y��Mz�v é w`u����/uL�'y�� v$|'�i���
~Mv$��v���~Mv���yY{1�F�Ax1��y�{&z��-�${1��y z�{1|�|����M�Ty�uMv*���d��x1��y2{1��� {}|�x&ziz�x}~M��x	y���{1�F{}��y�u�v^� {}��|4��ó�¿ § ¿�� |�{}��v é
x1� ��v$�/y é v�|�v��}x	y���{1� é ��|�x1��yN�${	�
v�z/�^x1��~K� {1��|4�d{1���8y��Mz�vT�${}��y�v$��y���v$�}x&��{1z�x	y����}v��${�{1|����M��� �5Ï �>�
�A{&z�v$�8y�x&y���{}��{&�3�1z�x&� � |)x&��~X���`|���·}v$|'��y�{p�/u�x1���1v-y�u�va� {1��|9�d����z�{��$|�����x&y�va~(��v-y�{nx&�X������z�v$x1� v^���
y�u�v-|�v�x	�Wx&z�v�xp����~Mv�¹T{&�Uy�u�v-�
v��}v�y�x	y���{1� é z�v�~M�M�$�����py�uMv^x1�d{1����y4{1�#� {}|�x&z2z�x}~M��x	y���{1�.z�v�x&�/uM���M�
y�u�v^� {}��|U� �(z ��x1��v � thuM���i���i�1v$��v�z�x&|�|���y�uM{}�M�}u�y2y�{d|�v�x1~Fy�{�xd�d{&z�v^�Ax��
{}�(z�x1��|�vp�d���/z�{��$|�����x	y�v
�A{&z*y�uMvd� {}��|��Ax1�M��x�w`uM����u���x$� é ���7y��Mz�� é ���Mô��Mv$����vd~Mv$��{}�d��{}� �'y���{}���Mz�{��$v$� � v��N����y�u�vN� {}��| é
x1��~Ty�u�v/z�v��A{&z�va��y��Y���MÕ�|�y z�x	y���{}�X��u�x	z�x1��y�v�z����8y����$�2x1��~.���My z���v$��y`x��}x&��|)x&����|��'y���� Õ x1| é���¸   ´ � �

thu�v`���d��x&��y3{1�9x	¼+{1z�v$�8y�x	y���{1��{}�n� {1��|My�v$�d��v�z�x&y��(z�v<w4x&���8y���~M��v�~N���p�${}�d��x&z������2y�v$�d��v�z �
x&y��(z�vp~Mx&y�xn�${1|�|�v���y�v�~Fx&yix�~Mv$�(y�uX{1� � �$�õ���Fxd�1z�x1� � |�x&��~�� {}��|Ux	yiy�u�v-y�{1��{1�3y�u�vp�i|�v${1|�v��
x
��x&y���u��dv���y�� � � � �öx � � � | ��é �#���}�Mz�v.� � ���pw`�'y�u5y�u�{1� v.�${1|�|�v$�/y�v�~®x	yny�u�vT��x1�dv�~Mv��My�u5���5y�uMv
� {}��|`{1�Yy�u�v�tG��|�x&� v�w4xF�A{1z�v��8y���|�{1y�� �1��Î �öx � � � | � � � thuMv��&z�x1� � |�x1��~s��|�{&yNw4x&�d� �'y���x&y�v$~L{1�
x.z���~M�}v/y�{}��w`u�v/z�vTy�uMvT� {1��|<w4x&�N� u�x&|�|�{�w«��~(v$�My�u�÷ Î}� �$�T�ax1��~�u�x1~Kx���{�{1z�|'�K~(v$�
v$|�{}��v$~
�8y z�����y��(z�v � thu�vi�
v$�}v/y�x&y���{}�.whx1�4y��(�M���$x1|��A{&z2y�uMvpø�¤}ª�¤1©�ù § ¤^x	z�v�x1�`�${1��� ���8y������d{1�Uxp�d�'¹�y��Mz�vi{&�
�Av�z��M�*x1��~��d��� � ��{1�K�1z�x&� �Nx&��~7u�x}~��M{1y^��v$v������(z���v�~F�A{1zpx	yp|�v�x&�8y ��° ��v�x	z�� ��¬ x1|'�>��uM{}�Mz�|'�
y�v$�d��v�z�x	y��Mz�vd�dv�x&� �Mz�v$�dv$��y��^whv�z�vT��x}~(vT~M�Mz����M�7x Î �&��~�x$����v/z���{�~5����y�u�v�whv�yN� v�x1� {1�®{&�
��¸1¸(� ����v$�(z���x&z � �-±.Ï �(z���| ° �Yx1��~�y�u�v$� vaw<v�z�vp��{}�d��x	z�v�~�w`�'y�uF~�x	y�xn�${}|�|�v$��y�v$~7~(�Mz������Ny�uMv
��x1�dvn��v/z���{�~Kx.�
v�x&z*v�x	z�|���v�zp����y�u�v�t9��|�x1� v�whxX�A{1z�v��8yN�M|�{&y �X¶ {1y�u�� �'y�v$�^whv�z�vdô�x&ypx1��~7y�{1�
��{}�&z�x1��uM����x1|4x&� ��v$��y�� é w`�'y�u�y�u�v�v�¹(�$v��My���{}��{&�`y�u�vdv$|�v$�1x&y���{}� é whv�z�v�� ���d��|)x	z � thu�vTx1�'zNx1��~
� {}��|3y�v$�d��v�z�x&y��(z�v$�^x&y^��{&y�u�� �'y�v$�awhv/z�vny z�x1���8�>{1z��dv�~Fy�{�y�uM{}� v�x&y^� v$x1|�v$�
v$|Wy�{.�${1�d��v$����x	y�v
�A{&zi~(�'¼+v�z�v$����v$�`����� �'y�vav$|�v$�}x	y���{}� é ��� �����py�u�viy�v$�d��v/z�x&y��Mz�v2|�x1��� vaz�x	y�va�}���
v$����� è v$��y���{1� ��� � �
¶ v$��x&��� v-y�uMvi�1z�x&� � |�x1��~.x1��~��A{&z�v$�8y2~�x&y�x*u�x1~���{&y`��v$v$�T�${}|�|�v$��y�v$~.� ���N��|'y�x&��v${1��� |'��y�u�v ¸�ú �}�
u�x1�'z-y�v$�d��v�z�x	y��Mz�v$�2�dv�x1� �(z�v�~�x&yiy�u�v*�-x1��{1��whv�x	y�u�v�za�8y�x	y���{}�7�>{1z-y�uMv*y�wh{T��v�z���{�~M�iw<v�z�v
�${}�d��x&z�v�~dx&��~ny�u�vY~(��¼+v/z�v$���$vYw4x&�<�A{1����~Ny�{*��vY���M� ���}���'Õ���x1��y-�Aû ÚV�   � � ��÷ �}� ���4ü	Ðsx&��~nûiý
�   � �M��÷ �}� ¸ � ü ÐÔ��� ��¸}¸1� x1��~ ��¸1¸(��é z�v$� ��v$��y����
v�|���� �

thu�v.x1�'zny�v$�d��v/z�x&y��Mz�v��N�dv�x&� �Mz�v�~5x1��{	�
v�y�u�vT�1z�x&� ��~M�(z����M��y�u�vT�����}u�ydx&��~�y�u�vTv�x	z�|��
�d{1z��M���M�-� �   ú �}�	±�����ú �1� u���whv�z�vW� ���}�M��Õ���x1��y�|'�auM���1u�v�z���þ3ý �(� �
° �+y�u�x&�-y�u�{1� v��dv�x&� �Mz�v�~ax&��{	�
v
�A{&z�v$�8y é ���(yWy�uM���h~M��~n�M{1yWz�v$� ��|'yh����x-� ���}�M�'Õ���x&��yh~M�'¼+v�z�v$�M�$v*��þ3ý ��� �
° �3��v�y�w<v$v$�dy�u�v � �1��u�{1�Mz
�dv�x1�M�4� �}°�� �M��÷ ��� ´ �Wü	Ð��A{1zW�A{&z�v$�8y`ÿ1ó ¨ ©���© �1°��  M��÷ ��� � ��ü	Ð��A{&z<�&z�x1� � |�x1��~��U{1z�~�x$��y����dv<�dv�x&��� �
thu�vpx��
v�z�x1�1vn~(���(z���x&|#�${}�(z�� v$�-{&�Wy�uMvNx&�'z^x1��~X� {}��|Uy�v$�d��v�z�x&y��(z�v$�`�A{1ziy�u�v*�1z�x1� �-x1��~X�>{1z�v$�8y
� �'y�v$�-x	z�vp� uM{	w`�F���F�#���}�(z�vN� � ¸�� thuMvNx��
v�z�x&�}v*� {}��|#y�v$�d��v�z�x	y��Mz�va���F�1z�x&� � |)x&��~5� �}´�� ´ ��÷ �(� ¸ �
ü	Ð4�3w4x&�4� ���}���'Õ���x1��y�|'��u����}uMv�z-��þUý �(� �(� ��y�u�x&��y�u�x&y<����~(v�z<�>{1z�v$�8y-� �}°���� ��÷ �(�  
�`ü	Ð4�W�M�My<y�uMv
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x&�d��|��'y���~Mvpw4x1�*� ���d��|)x	znx	y*��{1y�u�� �'y�v$� é w`�'y�u5~(��¼+v/z�v$���$v��*��v/y�whv�v$���dv�x&��~�x&��|��7��x&¹(���N�M�
x&��~��d���M���p���my�v$�d��v�z�x&y��(z�v$�hz�v�x&�/uM���M� ��� °$±(��� ´ ü	Ð �

/ u��M��x1��x&��~109x1|h� �$¸   ° �Y{1��� v�z��
v$~X� ���1���'Õ��$x1��y�|'�X|�{�whv�zi� {}��|Gy�v$�d��v�z�x	y��Mz�v$�^��x	y2� ° �$�T�
�M��~Mv/z#��x	y��Mz�x&|��>{1z�v$�8y3���p�i���}v�z���x`y�u�x1�*{}�*�$|�v�x	z�v�~p|�x1��~ �32 �^�${}��y z�x1�8yUy�{Yy�u�v��Mz�v$� v$��y9Õ���~(�����}�
y�uMvpx&�d��|��'y���~(v-w4x1�iu����}uMv�zi����y�u�v^|�x&y y�v/ziw`�'y�u�~M�'¼+v�z�v$�M�$v$�Y��v�y�w<v$v$��y�u�v^� �'y�v$�i{&�W� {}�dv � ü
~(�Mz������4y�u�v������}u�y3x&��~a���ay�{ Î ü	Ð�~(�Mz������4y�u�v<~�x$� � tGv$�d��v�z�x	y��Mz�v�~M�'¼+v�z�v$�M�$v$�#{&�����ay�{ �1��±(�}°
ü	Ð7whv/z�vh{}�M� v�z��
v�~^���40Gx1|(x&��~pÐ<���d�d�����1�h� ��¸}´1¸ �G���Nx2�8y���~��a�${1�d��x&z����M�i� {}��|�y�v$�d��v�z�x	y��Mz�v$�
��x	y2� � �$�T�<�M��~Mv/zY�>{1z�v$�8yax1��~��$|�v�x&z�v�~�|�x1��~X���X�i���}v/z��)x � thu�v^|�{	wBy�v$�d��v�z�x	y��Mz�v^~M�'¼+v�z�v����$v$�
{1��� v�z��
v$~T~(�Mz������^y�u�vY�Mz�v�� v$��yh�8y���~��d����~(���$x&y�v$�<y�u�x&yhy�uMv2�&z�x1� �`x&��~n�Av�z��T�
v$�1v�y�x&y���{1� ± |��'y y�v�z
�${1�d��|�v�¹T���`�
v�z �Tv�¼+v$��y����
vi���.� u�x}~(�����Ny�uMv-� {}��| é �(z�v$�
v$��y������pu����}u�~Mx$�(y����dvYy�v$�d��v�z�x&y��(z�v$� �

ä^å�æ-å65 798�í;:Gñ�<Bé
=?>@8�é`ð+í;<MñBA<ñ�ê�é�C é�C èiéYê/ë1D*EGF�<�êH:IA4ëKJLE�Ahð�AM:Gñ�í3ð%N
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thuMvi���d��x&��yh{1��� {1��|+�M��|�·d~Mv���� �'y��d{&�Gy�uMv2�${1���
v�z�� ��{}�T{1�G�����&z�x1¢$v$~T�&z�x1� � |�x1��~Ty�{*������vY�A{1z�v��8y
whx1�^x1� � v�� � v�~����F�${}�d��x&z������Ty�u�vp����|�·�~(v$��� �'y���~�x&y�x��A{&z*y�uMvN�ix1��{}���1z�x&� � |�x1��~7��|�{1yaw`�'y�u
y�uM{}� vF{}�M� v�z��
v�~Ô���Ôy�u�vF�a{&z�{}��x1�M�2�>{1z�v$�8y��M|�{1y é x1�Ty�u�v�y�w<{L� {1��|��Twhv�z�vFz�{}�M�}uM|��s� ���d��|�x	z
�����8y z��M��y��Mz�v é y�v�¹�y��Mz�v�x1��~��${1|�{1�Mz � thu�v����M|�·7~Mv���� �'y���{1�4y�uMvd�1z�x&� � |)x&��~�y�{}�M� {}��|<whx1�*��{1y
� ���}�M�'Õ���x&��y�|'�Ô~M�'¼+v�z�v$��y��>z�{1�Jy�u�x&yT{1�ay�uMvXy�{}�M� {}��|-���Ô�a{1z�{1��x1�M�Y�>{1z�v$�8y�w`u����/us� ���}�1v$�8y�v�~
y�u�x&y4y�u�viv�¼+v$��yY{1�Ux&¼+{1z�v��8y�x&y���{}�F{}�Ty�u�viy�{1��� {1��|�w4x&�2|����d�'y�v�~ �3¬ {	w<v$�
v�z é ~Mv�v$��v�z`���.y�u�vi� {}��|
�(z�{1Õ�|�v*��ó�¿ § ¿
��v$|�{�wÔy�u�v4z�{�{1y����M�p¢${1��vY{1���d��� � ��{}���1z�x&� ���Wy�u�v`���M|�·n~Mv���� �'y��pw4x1�<� ���1���'Õ��$x1��y�|'�
uM���1u�v�zY���.y�uMva�1z�x1� � |�x&��~.y�u�x&�Xx	yi�${&z z�v$� ��{}��~M������~(v$�My�uM�4���.y�u�vi�>{1z�v$�8y2� {}��| � thuM���2� �M�}�}v��8y��
y�u�x&yh���d�(z�{&�}v$�dv$��y��U���T� {1��|��8y z�����y��(z�vix&�hxaz�v$� ��|'yh{&�#x	¼+{1z�v$�8y�x	y���{}�T{��$�$�Mz z�v$~����dy�u�vY� ���M� {}��| é
��{1� � ���M|'�s��v$�$x1��� vF{&�^���M��z�v�x&� v�~®z�{�{1y.x1�/y������'y�� é {1zTy�u�x&ydy�uMvXy�w<{�� {}��|��X~(��¼+v/z�v�~®�>z�{1� y�u�v
�8y�x	z y é ó�¿ § ¿9��v���x1�M� vd{1�`�}v�{}|�{}�1���$x1|<z�v�x&� {}�M� � thuM���*���^�${1��y z�x	z �7y�{Ty�u�vnÕ���~M���M�}�a{1�M0Gx&y�u�x1�
� �$¸  }�}� é w`uM{iwh{&z�·
v�~^��� Î ����v�x	z ��{}|�~,Vhù�W"��©h½�¤ ¨ ù�¥�¤�ó ¤<�>{1z�v$�8y�x1��~p{1��� v�z��
v$~^y�u�x&yUy�u�v����d��x1�/yU{1�
x	¼+{1z�v$�8y�x	y���{1�X{}�T� {}��|+�Mz�{1��v�z y���v$�4���X�#� X8��z�v$��x&����v�~��${}�(Õ��Mv�~ny�{*y�uMv2y�{}�M� {}��| �h¶ x��(|���� �8� è �d�'y�u
� �$¸  }�}�<x&y y z����M�My�v�~py�uMvi~(v$��z�v�x&� v2���d�M��|�·n~(v$��� �'y��.� �(� Î}Î �^�$� �%Y �Wx&��~n�8y z��M��y��Mz�x&|������8y�x1�M��|��'y��
� ��� °&Î �p{&�2y�uMvTy�{1� �$� ���ã{&�i� {1��|`�M��~Mv/zpy�uMv���x&�dv Î ���
v�x&z ��{}|�~K�����MvT�>{1z�v$�8y é x1�n�${1�d��x	z�v�~
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y�{�x}~�X8x1�$v���y.ø�¤}ª�¤1©�ù § ¤.x	z�v�x1�.� �(� ´}´ ����� �BY x1��~ ��� ´1° z�v$� ��v���y����
v$|'��� é y�{7x&¼+{&z�v$�8y�x&y���{1�s���(y
�A{1����~7��{�~(��¼+v/z�v$���$v��p����� �M��� {}��|2� °1�	±�Î}� �$�T�i�M��|�·�~(v$��� �'y���v$�T� �(� ¸  ��X��� �BY ����~Mv�z^�>{1z�v$�8y
ÿ1ó ¨ ©���© �1� �1� �M��~(v�z*�1z�x1� ��� é w`uM����u�whv/z�vT|�{�whv/zNy�u�x	ypy�uM{}� v�{1�`y�uMvd� {}��|��n�Mz�v$� v���y�|'�7�8y���~(��v$~
� �}� �
�$±��1� °&� ���$� �%Y � ��¬ v$���$vdy�uMvd���d��x1��y*{&�ix	¼+{1z�v$�8y�x	y���{}�L{}�K� {}��|h�M��|�·7~Mv$�M� ��y�����x$�7��v
�}x	z���x1��|�v é ��{1� � ����|'��~Mv���v$��~(���M�^{}�������'y���x1|��${1��~M�'y���{}�M�i��ó�¿ § ¿
� {1��|�y�v�¹�y��(z�v é �8y z����/y��Mz�vYx1��~��M��|�·
~Mv$�M� �'y�� é z�{�{1ydx&��y�������y���x&��~�~(v$��� �'y��7{&�4y�u�vd�&z�x1� �N�}v$�}v�y�x	y���{}��� �&Z v$|�x&y����
v$|'��|�x	z��}v��/u�x1�M�}v$�
��x$�.��v*v�¹(��v$��y�v�~����F� {}��|��-{1����{�{1z-�8y z�����y��(z�v é w`u�v�z�v$x1�-���d�Mz�{	�
v��dv$��y��Y��x$����v*z�v��8y z����/y�v�~
y�{py�uMva� ����� {1��|9���X�&z�x1� � |�x1��~X� {}��|��Yw`�'y�u�x&��x1|'z�v�x1~(�Twhv$|�|#~(v$�
v$|�{1��v�~Ty�{1��� {}��| �

�i{^� ���}�M�'Õ���x&��yh~M�'¼+v�z�v$�M�$v$�3whv�z�vY{}�M� v�z��
v�~d��v�y�whv$v��ny�u�v`��[6\^]#{&��y�uMv`�1z�x1� � |�x&��~�� {}��|+x1��~
y�u�{1� vd{1�4y�u�vn�>{1z�v$�8yN� {}��|�� ��¬ {�w<v$�
v�z é#¶ x$�M|���� �8� è �d�'y�uÔ� �$¸  }�}�*{1��� v�z��
v$~�u����}uMv�z*���MÕ�|'y z�x	y���{1�
��x1��x1�$�'y���v$�U�A{&z3y�u�v�y�{1��� {1��|(����~Mv�z Î ����v�x	zU{}|�~p�M����v<�>{1z�v$�8yY��� [6\^] ý ´  i�_~�x$� �G³ �9{}�*y�u�v<��� |�x1��~
{1��09x1·
v���x é �#� X8� é �${1�d��x&z�v$~*y�{ax1~�X x&�$v$��y��1z�x1� � |�x&��~dx&z�v$x1�Y��� [6\^] ý �	´ �j~�x$� �G³ � � thu�����x1�}x1���
� ���1�}v$�8y��<y�u�x&yhy�uMv2���d��x1��y<{1�Gx&¼+{1z�v��8y�x&y���{}��{}�T� {}��|���u��(� ����x1|��${1��~(��y���{1���4~(v$��v$��~(�<{1�������'y���x1|
� {}��|G��{}��~(�'y���{1��� �

thu�v�Õ���x&|�z�x&y�v$�U{&�����MÕ�|'y z�x	y���{1� é w`u����/u*��x$�^��vhx&���Mz�{�¹(����x&y�v�~^���^� [6\^] é {&��y�u�v��Mz�v$� v���y�|'�
�8y���~(��v$~F���M��~(���8y��(z���v�~��3�1z�x&� � |)x&��~Xx&��~d�A{&z�v$�8y`� {}��|��4whv�z�v-�p����udu����}uMv�z4y�u�x&�dy�u�vi�(z�v$�1x1��|����M�
z�x1���M�Ax1|�|�����y�v$�M� �'y���v��a� è v$��y���{1� Î(� �}�hx1��~ ¬ {&z y�{}�M�)x&��y��M��vY{	�
v�z�|�x1��~Tô�{	w\� ¬ {1z y�{1� é+��¸ �}�}�hwhx1�
��{&y-{}�M� v�z��
v�~�x&yax1����{1��y�u�v*� �'y�v$�^~M�(z����M�Ty�uMvp�8y���~(� �a¬ {�whv$�
v/z é {	�
v/z�|)x&��~�ô�{�w_��x$�Xu�x��
v
{��$�$�(z z�v�~X|�{���x1|�|'��~M�(z����M�d���(�$|�{}�Mv$� é x1|'y�u�{1���1u���{dv$����~Mv$�M�$va�A{&ziy�u����Yw4x1�2{}�M� v�z��
v�~���ó�¿ § ¿��M{
|���y y�v/zd~M��� �M|)x&�$v$�dv$��y/� � �i�
v�z�|�x1��~Kô�{�w¡��x$�Kx1|�� {���vXxXz�v$�1��|�x&zd�>v�x&y��(z�v.���5�d{1z�vT� v$�
v�z�v$|'�
~Mv$�&z�x}~(v�~�x&��~�v�z�{�~(v�~��&z�x1� � |�x1��~�� {}��|��p����y�uMv�x&z�v�x é v$� ��v$�$��x&|�|'��{}��z���~M�1v$�px1��~�� u�{1��|�~Mv�z�� é
w`u�v�z�vd� {1��|��Nx&z�v��}v���v�z�x&|�|'����{�{1z�|'��~(v$�
v$|�{1��v�~ é y�uMvd�
v$�1v�y�x&y���{}��� ��x&z�� vTx&��~7z�{���·7{1�My���z�{1���
�${}�d�d{1�� Z x$whx}Ë�x é2��¸}¸�� � � 0Gx	y�v�z�x1|`� �M��� �Mz �Ax1�$v.�8y�{1z��nô�{�w w`��|�|`{��$�$�(znz�v$�}�M|�x&z�|'�®~M�Mz����M�
x1��~.� u�{&z y�|���x&�>y�v/z-|�x&z��1v*z�x&���M�8y�{1z��d�2~M�Mv^y�{ny�uMv^|)x	z��}v*�${}��y z�x&�8y-��v�y�whv$v$����[_\^]h{1�3y�u�v-y�{1�M�
x1��~s� ���M� {}��|N��t#x&��|�vF� � �
�Tx1��~®y�u�����y��(��vX{1�^ô�{	wºy�u�v/z�v��A{&z�v���{}��y z������My�v���� ���}�M�'Õ���x&��y�|'�®y�{
y�{1y�x&|<�8y�{1z��«z��M��{1¼Ó��� v�v.Ð<u�x1�(y�v�z ��° � �.` {�~Mv$|�|�v�~K���M��x&y��Mz�x	y�v�~�u��M~(z�x&��|����n�${}��~M�M��y����(�'y���v$�
����y�uMvnx&z�v$xT�A{&z^y�u�vN� �M��� {1��|��-w<v�z�vn|�{�whv�z^y�u�x&� ����� �d�²~�x$�+�G³^x	ya� {}��|W�d{}���8y��Mz�vp�${}��y�v$��y��
x&yT{1z.~(z���v�z�y�u�x1�sÕ�v$|�~s��x1��x1�$�'y��\�����3ý � � � thuM���T����~(���$x&y�v$�Ty�u�x&y�~�z�x1����x&�}vF{1�^�d{1���8y��(z�v
x1��~�|�v�x1��u�������{1�Y���My z���v$��y��ay�{�~Mv$v���v�zN� {1��|h|�x��
v�z��pw`��|�|4{��$�$�(zN�d{1�8y�|���~M�(z����M�Fx1��~�� u�{1z y�|'�
x&�)y�v�za|�x&z��1vnz�x1�����8y�{&z��d� é w`uMv$����v�z��${}|�x	y���{1�7z�x	y�v$�a��x$��v�¹(�$v$v�~Xy�uMvN� [6\^] �1x1|���v��-�Mz�v$� v���y�v$~
���Xt#x&��|�va� � �d~M�Mviy�{n�(z�v��Av�z�v���y���x&|9ô�{�wÓy�uMz�{1���1u.��z�x&�/·��Oa&��x&��z�{}��{&z�v$� �

Ï |'y�uM{}���1uX� {}��|#��{&z�{}� �'y��.v$�8y�����x&y�v$�`whv/z�v*��x1� v�~�{}�Fxn|����d��y�v$~.�����N��v/z4{1�3��x&�d��|�v$�Y{}��|'�
xX�${}�d��x&z���� {}�5{&�Yy�uMv��-x1��{1�K�1z�x&� � |)x&��~5~�x	y�xXw`��y�u�y�uM{}� v��A{&zNy�u�v��a{&z�{}��x1�M���>{1z�v$�8yd�M|�{1y
� ���1�}v$�8y�v�~Ôy�u�x&y.y�uMv�~Mv$v$��v/z.z�{�{1yX�8�M�8y�v�� {&�*y�uMv7�M����v�y z�v$v$�X��x$�®u�x��
v�z�v$� �M|�y�v$~Ó���Ó���M�
��z�v�x&� v$�`����y�u�vn����x&��z�{�����{&z�{}� �'y���{1�#y�uMv-� ���M� {}��| �<¬ ���}u�v/z`��{1z�{}� �'y���v$�Ywhv�z�v^x&|�� {d{1��� v�z��}v�~����
¶ x$�(|���� �8� è �d�'y�u�� �$¸  1�
� é x&|�y�uM{}�M�}u���{&yY���Xy�uMva� ���M� {}��| é ����~Mv�z Î ����v$x&z ��{}|�~.�M���Mva�A{1z�v��8yN� ´&Î�b �
x1�`�${1�d��x&z�v$~Ty�{dx1~�X x&�$v$��y^ø�¤}ª�¤1©�ù § ¤-|�x1��~M�^� ´}��b � �

Ï �W����~(���$x&y�v�~nv�x	z�|���v/z é y�uMv4w4x&y�v/zhu�{1|�~M�����a��x&��x&�$�'y��d{&��y�uMv`� {}��|��<w4x&�<�}v���v�z�x&|�|'�d� ��cd�$��v$��y
y�{F��x1����y�x1���Ky�u�v�w4x&y�v/zn� ���M��|'��y�{�y�u�v�y z�v$v$�N���Ky�uMv��8y���~(���M|�{1y��d~(�Mz�������~(z ����v�z���{�~M�n{&�
� v$�
v�z�x&|�whv$v$·�� �G¬ {�whv$�}v�z é whx&y�v�z3�8y z�v�� �3~M�Mz����M�2�(z�{}|�{}�M�}v�~p~(z �a��v�z���{�~(�U��x��-��{}� v4xY�Mz�{}�M|�v$�
���Óx&z�v�x&�.w`�'y�uV� u�x1|�|�{�wÍ� {}��|�����ó�¿ § ¿h�a{1z�{1·(�M|�xK�>{1z�v$�8y/� �Qd {�{1z��&z�{�w4y�uV{&�N�M����v$�Tw4x1�.x1|�� {
{}�M� v�z��
v�~d{}��y�u�v`z���~M�1v$�4x1��~T� uM{}�M|)~(v�z��h���dy�u�v-�i|�v�{}|�v$�
x*��x&y���u��dv���y é w`u�v�z�v2� {}��|�~Mv$�(y�u�whx1�
|�v$� �<y�u�x&� °1� ��� � thu����h��x$�d��vY��x1�M� v�~����N�>z�v�Ë���v���y�w4x	y�v�z4�8y z�v$� � é x1|'y�u�{1���1u����d��v�~(v�~Nz�{�{1y
~Mv$�}v$|�{}���dv���yi����y�u�vn�M��~(v�z�|'�M���M�Tz�{���·®�)e�x1�7~Mv/zgf�v$v�z y é���¸}´ ���^x1��~7���My z���v$��y^~(v�Õ�����v����$��v$�
��x$��x&|�� {�u�x��
vdz�v�~M�M�$v�~7y z�v$v��&z�{	w4y�u �dè {1�dvd� ������{&z yp�>{1z*y�u�vdw4x	y�v�zn�8y z�v�� �pv�¹(�M|)x&��x	y���{1�
�${}�dv��G�>z�{1�\y�u�v<�)z�v�Ë���v$��yU{��$���Mz z�v$�M�$vh{1�ihW¤1©���¤ ¨ ù�W�¤<y z�v$v$� é w`u����/uNx&z�vh·��M{	w`�^y�{-��v<~(z�{}�M�}u�y
z�v$� ���8y�x1��y é {}�.y�uMv$� va� u�x&|�|�{�wB� {}��|��p� ` z � t � t �BZ x$whx}Ë�x é ��v�z�� � �${}�d� � � �

Ï ¼+{&z�v$�8y�x&y���{1�Tz�v$� �M|'y�v�~T���Tx*~Mv$��z�v$x1� vi{&�9y�uMv2�dv$x1�T~�x&��|'�d� {1��|+y�v��d��v�z�x&y��(z�vY�M�My<u�x}~d�M{
v�¼+v$��yY{1�X�'y��i~(���(z���x&|G�${1�Mz�� v �hÏ �4y�u�v^~(v$��z�v�x&� vp���X�dv�x&�X~Mx1��|'�X� {}��|Gy�v��d��v�z�x&y��(z�vi�A{1|�|�{�w`�����
x&¼+{&z�v$�8y�x&y���{}�5w4x&�N|�{�w«� ��� ° ü	Ð4�^y�u�v�v�¼+v���y��N{1�L� {1��|4�Mz�{��$v$� � v��n��x$����v�z�v$|�x&y����
v$|'�K� ��x&|�| �
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j2�M�A{&z y�����x&y�v$|'����{��dv�x1� �(z�v$�dv$��y��iwhv/z�vd��x}~Mv*�A{&zp��x&z�vn� {1��| é w`uM���/u�wh{}�M|�~�z�v$�(z�v$� v$��yay�u�v
� �'y���x	y���{}��� uM{1z y�|'��x	�>y�v�z*� �'y�vd�Mz�v���x&z�x	y���{}�Kx&��~7�M|�x1��y������X{&�4������v�� � 0Gx1|Y� ��¸   ´ �^u�x1�^� u�{�w`�
y�u�x&yGy�v��d��v�z�x&y��(z�v$�9���^��x	z�v�� {1��|��G��x��i��v��p����u-u����1u�v�z9y�u�x1�-y�uM{}� vW���*� {1��|��U�M��~(v�zG�}v$�}v�y�x	y���{}�
~(��viy�{nv/¹M��{1� �Mz�viy�{N� {}|�x&zYz�x}~(�)x	y���{}� �

kKlOk mon&p�qsrutwv4xyp�zg{|q~}��Mn&�Lv��i�Mp�v��

ä^å�ä^åH� �"CYñ�ð+ég�pò4:Gñ+ê�é�C
thuMv2� {1��|����Wy�u�vY�dv�~M�����\�)z�{}�mw`u����/u����My z���v$��y���x&z�v`y�x1·
v��d���d���Ny�uMv`z�{�{&y��<�A{&zhy�u�v`��x&����y�v��
��x1����vix&��~d�Mz�{�~(����y���{}��{&�G�M��{1��x1� � � thuMv2���My z���v$��y���x&z�v2� �����M|���v$~����py�u�vY�8y�{��/·n{&�#x��1x1��|�x1�M|�v
���My z���v$��y��`���Xy�u�v^� {}��| � thu�v*|�x&y y�v�zYz�v$�(z�v$� v$��y��ix�~��M��x1�d���-v$��y��'y�� é y�u�va��x&�}���'y���~Mva{1�3w`uM����u
���N�1{	�
v�z���v$~�����y�u�v��Mv�yN��x1|�x1�M�$vT{1�Y���My z���v$��y*���M���(y��Nx&��~�{}�(y����(y��^y�{�x&��~��>z�{1� y�uMv�� {}��|
�${1�d��x	z y��dv$��y���½�¾�¿UÐ<u�x&�My�v�z �eé 09��·
v����.ó/ø^¤}ª�¿ éh�$¸
´1´ � � �2�`��x&z y����$�M|�x&zn���d��{&z y�x1����vT����y�uM���
z�v$� ��v���ya���-y�u�v*� ���M��|'�F{1�����My z���v$��y��-���Xwhv$x&y�u�v/z����M�.{&��z�{���·Fx1��~���x&z y����$|�v$�a{1�<�d����v�z�x&|U� {}��|
��Ð<|�x$��y�{}� é���¸}´1¸���¶ z��M� X8��¢�v$v$|�x1��~�f��v�z�� ��� éW��¸   ° �gf�v�x&y�uMv�z�������x&� ��v$��y��*x1��~�y�u�v���z*Ë���x1�M�
y��'Õ��$x&y���{}���A{&z4y�u�vi�8y���~(�d� �'y�v$�`x	z�v-~(��� ����� � v�~T���T�d{1z�v2~Mv/y�x1��|+���.Ð<u�x&�My�v�z � � � thuMviv�¼+v$�/y��h{1�
x	¼+{1z�v$�8y�x	y���{1�7{1�F� {}��|3�/uMv$�d����x1|9�Mz�{}��v/z y���v��-��x$�X��v*v$�}x&|���x&y�v$~X��� ������y�u�va��x&|�� vNy����dv*� v/z���v��
x&���Mz�{}x1��uX� ¬ x&� vYx1��~N�T�{}|��8y�v�z é���¸   � � é �Mz�{	���)~(v�~py�u�x&y3y�u�v4�(z�v�����|�x1��y������-��u�v��d���$x1|(�Mz�{}��v/z y���v��
w<v�z�v2� ���d��|�x&zhx&yWy�u�v4z�v$� ��v$��y����
vY� �'y�v$� ��2 �d�(z�x1��y����$v é u�{�whv$�}v�z é y�u����3z�v�Ë����'z�v$�dv$��yW{1�)y�v$���dv$v�y��
w`�'y�uF~M��cd����|'y���v$�p� Z ��� � v�|�| é#�$¸  1� ��¶ z��M� X���¢$v�v$| éU��¸  1�}x ��¶ ��� ��u���x1��u�v/z éG��¸  1�
� � thu�vaz�v$� ��|'y��Y{1�
��u�v$�d����x&|Gx&��x&|��(� v$�Y��x	z z���v$~X{}�My`{1��xn|�x&z��1v*���M�N��v�z4{&�3� {}��|#x&��~�z�{���·T��x1�d��|�v$�`�${1|�|�v���y�v�~�x&y
y�uMviz�v$� ��v$��y����
va�8y���~(�T� �'y�v$�Yx&z�va�(z�v$� v$��y�v�~.��v$|�{�w �

ä^å�ä^å6� Pbòañ�ð�ê�í;C2ñ�J®é�C4:#í�CYñ�ð�A<ñ+ê�éGC4<�AMC4� è-éYê�ë�Pbòañ�ð�ê�í�CYñ\èiñBA�ñ+ò�<
thuMvN���M|�·X�/uMv$�d����x1|G�${}�d��{1� ��y���{1�7{&�4~M���8y������/y-� {}��|3u�{&z���¢${}�M�a����y�uMvp�A{&z�v$�8ya�M|�{&y��ax1��~Fy�uM{}� v
{&�hy�u�vd��x&z�v$��yaz�{���·�x	yNx&|�|<� �'y�v$�px&z�vd�Mz�v�� v$��y�v�~7���Kt#x&��|�vd� � °�� thuMvd|�{��$x&y���{}�M�N{1�4y�uMvNz�{���·
��x&�d��|�v$�i��{}|�|�v$��y�v�~�����y�u�vp�i|�v${}|�v$�}xT��x	y��/uM�dv$��y2x&z�v*� u�{�w`�F�����#���}�(z�v ��°�� � � thu�v*��u�v$�d����x&|
�${1�d��{}� �'y���{}�M�a{1�<z�{���·���x1�d�M|�v$�-�${1|�|�v$�/y�v�~7�Mv�x&z-y�uMvN�ix1��{}���1z�x&� � |�x1��~���|�{1y é y�u�vNtG��|�x&� v�w4x
�>{1z�v$�8ya�Az�{���·n��x&�d��|�v � � é �a{1z�{}·��M|)x-�>{1z�v$�8y4�M|�{1y�� é x1��~����dy�u�vY��{&z y�u�v�z��d��x&z y<{1��y�u�vi�i|�v�{}|�v$�
x
��x	y��/uM�dv$��y^whv�z�v�x1|�|h� ���d��|�x&zNy�{�y�u�x&yp{1�2xXy��(������x&|h~�x&�$�'y�v���� è fye2��y��i09v$���5x&�N�}���
v��K���
¬ x&y�u�w4x$�.x1��~XÐ<{}|�|�v���� �$¸   ¸ � � thu����Y� ���M��{1z y�v�~�y�uMv-{}�(y�����x1|#��|)x&� � �'Õ���x	y���{1�F{1�Uy�u�v-z�{���·�� é x&�
�1���}v$�����KÐ<u�x1�(y�v�zp� ��» x&�$�'y�v$�*x&z�vdu����1u���� è � é#Ï |Wx1��~7�-x�x1��~7|�{�wb�����Mv é z�v�ô�v$��y������Ty�u�v
uM���1u�Ë���x&z y�¢�� è �)�g���`x1��~�x&|����'y�v.���ix Ï | è � Y ���	�`�${1��y�v$��y�� � thu�v*�${1�d��{}� �'y���{}�F{1�Wy�u�v*� v$�${1��~
��x&�d��|�vN�${1|�|�v���y�v�~�����t9��|�x1� v�whx��A{&z�v$�8y é x&��~Fy�u�{}� vN{1�<z�{���·��a�${}|�|�v$��y�v$~����7�a{&z�{}��x1�M�U�A{1z�v��8y
x&��~����Fy�uMvp� {1�My�uMv�z�����x	z y-{1�Wy�u�vN�i|�v${}|�v$�}x���x	y��/uM�dv$��y é whv/z�vnx1|�|#y��M�M����x1|G�>{1z^x&��~(v$� �'y�v$�-{1z
��x1��x1|'y��`w`�'y�uX|�{	w<v�z è �9x1��~Tu����}uMv�z Ï | é ��v^x1��~XÐhxn�${1���$v$��y z�x	y���{1��� � eW{}|���x1�M���^z�{���·��`��� è fe2��y��;0�v$����x&z�vd�1v$��v/z�x1|�|'��|�{�wm���7�õx1��~ dgé w`��y�u7y�u�vnuM���1u�v$�8y^�1x1|��Mv$�^{}��� v/z��
v�~7���7��x1��x&|'y��
x&��~��^x&|�x1·1xn~�x&�$�'y�v$�Yz�v�� ��v$��y����
v$|'�7� ¬ x&y�u�whx���x&��~XÐ<{1|�|�v/� éG��¸   ¸ � �

thuMv2� {1��|��4{&�9tG��|�x1� v/w4x*x1��~d�a{&z�{}��x1�M�M�>{1z�v$�8y��h��{}��y�x1����v$~�� ���d��|�x&z<�${}�M�$v$��y z�x&y���{}�M�h{1� Ï |
x&��~K��vdw`u�v/z�v�x1�p�}x&|��Mv$�^�A{1zpy�u�v$� v�v$|�v$�dv���y��^whv/z�vT|�{�whv/zd����y�u�vd� {}��|`x	yN�a{&z�{}·���|�xX�A{&z�v$�8y �
Ð<{1���$v$��y z�x	y���{1����{1� Ï |Mx1��~d��v4whv�z�v4z�v$|�x&y����
v�|��N|�{	ws���ny�u�v4y�{}�M� {}��|#� �	± � � �$�T�Ux1��~N������z�v$x1� v�~
����y�uMvd� ����� {1��|<z�v�x1��u����M�Fx.��x&¹(���N�M� ����y�u�v ¶ ��uM{1z���¢${}�5x	ynx.~Mv$�(y�u���v�y�w<v$v$��� � x1��~ ´1�
�$� é �>{}|�|�{�whv�~���Ôx��&z�x}~(��x1|-~Mv$��z�v$x1� vF���Ôy�u�v�Ð���u�{&z���¢�{}�Vx1��~®y�u�v���x&�Mz�{}|��'y�v �oÏ |'y�uM{}���1u
�${1���$v���y z�x	y���{}���3{&�9Ðhx é�` �^x&��~*�Ôwhv�z�v4uM���1u�v$�8yW���Ny�uMv<z�{��/·*� ���M�8y z�x&y�v4x	yW�a{1z�{}��x&�����A{&z�v$�8y é
y�uM{}� vT���5y�u�v�� {1��|4w<v�z�vX~(���8y����M��y�|'�K|�{	w<v�zny�u�x1�Ky�u�{1� v.{}�M� v�z��
v�~K���Ky�u�vT� {}��|��n{1�-tG��|�x&� v�w4x
x&��~��a{1z�{1·(�M|�x��>{1z�v$�8y�� � thu���� é ������{}�N�M����x&y���{1��w`�'y�uFy�u�v*u����}u Ï |Ux&��~F��vp�${}�M�$v$��y z�x&y���{}�M� é
� �M�}�}v��8y�v�~�y�u�x&y�y�u�v`� {}��|+���T�a{&z�{}��x&�����>{1z�v$�8yhz�v��Mz�v$� v$��y��4x&�Tx}~M�1x1�M�$v�~n�8y�x&�}vi{&�9w<v�x&y�uMv�z������
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�i�����aù�� ú'S ���a��� 0���'?û��6ÿ���ý��h�����^!$����ÿ�Hÿ��������T)'ûa!ý�ü�û	�9üH�}�$0¡ÿ��L('?û�����þ��¡ý�ü.û$ý��rý��eþ
('?ý������þ�ÿ���,ÿ��#�	,���!ÿ��
'$��ü�ÿ������$�¡ÿ��_('?û� +���oý��Jû�¡2ý
rp,1��ü#�10����oý£ý��dþK,��!üH���Pý���ÿ����!ü.û^��
!#����_��-�	p�eý������Jû^�&�������!eÿ��$ý��%þgýM�^ÿ�Hÿ���ý��eþ�%�ý��Jý���Hÿ��IüH�}��0��Oÿ��®�G¢¤£Yÿ�Hÿi¥Yû��}�ÓZ(¦�ý�('%¡2ý��
ý��eþ?§
�����oû	�
ra[��©¨���]¡ý!ü.û�ÿ��G�&���þgû$þp����ü������*!ý�ü�ÿ������I-

SumV2O5Cr2O3P ^K2ONa2OCaOMgOMnOFe2O3Al2O3TiO2SiO2Depth
%%%ppm%%%%%%%%%[cm]

Nabou grassland
97.90.0180.003188.02.032.595.022.330.104.5815.000.4165.80Rock+

Tulasewa Forest (soil pit)
98.36.80.460.590.351.500.1412.8620.551.2460.610-8

100.17.50.350.330.271.850.0714.4827.261.3454.1719-26
100.97.30.220.070.212.290.0615.8032.831.3148.1335-40
99.95.80.200.070.152.110.1913.1633.831.3248.8650-63
99.20.40.220.070.152.110.3514.0132.821.3348.1275-80
97.33.80.410.220.172.000.1011.7827.681.1653.78115-130
98.40.20.323.358.512.370.3912.6623.021.6546.10Rock@
98.60.0030.005246.70.236.330.241.950.072.4514.800.5071.90Rock+

Korokula Forest (soil pit)
85.122.10.260.640.310.350.042.968.040.8871.660-10
92.220.10.370.460.200.290.094.138.550.8477.2620-30
98.96.50.362.770.321.410.1011.8624.881.0156.1640-50

100.77.30.202.861.543.650.5014.9027.511.2148.3360-70
101.110.40.393.141.825.380.2714.1325.771.2748.9380-90
96.10.90.125.011.682.250.115.0016.280.6264.98Rock@
98.20.0080.004406.10.095.392.102.680.094.9914.400.6667.60Rock+

Koromani Forest (soil pit)
100.62.40.150.120.190.470.1014.9226.892.0755.730-10
102.25.30.150.100.130.420.0814.9427.751.9256.7014-20
102.30.90.160.060.030.310.0619.9236.001.2644.5243-53
101.71.40.130.070.030.380.0617.2434.231.5548.0373-93
100.11.40.100.060.040.350.0513.4532.121.4452.4897-105
100.21.40.080.060.030.350.0412.8231.321.5753.90152-162
97.80.21.415.434.104.620.2113.4918.521.5648.44Rock@
99.00.0630.009246.60.494.506.346.430.2110.9217.500.9151.60Rock+

Oleolega Catchment
101.20.0580.007320.90.104.704.216.640.2915.7615.901.1752.30Rock1+*
97.50.0200.006272.90.243.215.163.060.767.5816.400.5660.40Rock2+*
98.60.0010.00391.70.634.460.301.590.102.3912.100.2776.70Rock3+*

Typical dacite (Koroviko point)
97.716370.38.00.40.20.82.014.60.470.3

Typical Basalt (Sigatoka Valley)
97.54372.33.48.64.20.29.019.70.648.5

^: Available P (P-Bray II extraction) for soil samples, total P for rock samples
+: Fresh rock, samples analysed on mass spectrometer. @: Rotten rock, P-Bray II analysis
* Rock1 collected in stream channel at outlet, rock2 and rock3 collected in stream channel at sample point 14
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�������±°²�$³ ´ �~��µB¶ ·@¸�¶�¸��.¸�¹ º.»���¹$º¼¸�¹ º�Z½º|'�¾�¿3À�]��Á²º('�¸*º¼�#Â²[�!©!�»��Ã��Á�º)'$¸�����Ä)¶���Ä)¹
 BµB¶±¾���¸�¡�¾�riÅ1��ÆH��·�µB¶±¾K¾�¹ÈÇ�Å1��ÆH���.¾�¹ Ä�Á���ÆH¸��^º���-

MnFeAlTiSiMgCaKNaDepthSite

17.61257.52072.3100.03035.7156.319.127.816.30-100Tulasewa Forest
25.71094.81623.692.53828.3221.596.936.9244.50-100Korokula Forest
6.51476.12187.6115.52923.927.85.114.36.40-100Koromani Forest

� ` {1uMzFóHÉa¤}ª�¿ é4��¸}´}� � � thu�vT� {}��|4���5tG�M|)x&� v�w4xFw4x&�N� {}�dv/w`u�x&ypz����/uMv�zn���5x1|�·1x1|��`x1��~Kx1|�·1x1|��
v�x	z y�u�v$|�v$�dv$��y��^��ó�¿ § ¿ ` ���`x1��~�z�v$�(z�v$� v$��y�v�~�x1�.����y�v�z��dv$~M��x&y�v^�8y�x1�1v^{1�3whv�x	y�u�v�z����M� é w`uM����u
����� ���M��{1z y�v�~L���5y�uMvX�Mz�v$� v����$v�{&�-y�u�vX{&z����}����x&|iz�{��/·5�8y z��M��y��Mz�v����®y�uMv.z�{1y y�v��sz�{��/·Lx&��~
~(v$v$��v�zY��x	z y��2{&�Uy�u�va� �M��� {}��| � thuMv^� u�x1|�|�{�w\� {1��|G���.�a{1z�{}·��M|)xN�>{1z�v$�8yYw4x&�i����x&�Xv�x&z�|'�.�8y�x1�}v
{&�<whv$x&y�u�v/z����M�.w`�'y�u7uM���}u���{}����v$��y z�x&y���{}�M�a{1�YÐhx é3` � é �-x é � é ` ��x1��~ è � é z�v�ô�v$��y�������y�u�v
�(z�v$� v$����v*{&�Uwhv�x	y�u�v�z�x&��|�v^z�{��/·T�>z�x1�1�dv$��y�� é x1��~�z�v$|�x&y����
v�|��.|�{	w\��v*x1��~ Ï |9�${}�M�$v$��y z�x&y���{}�M� �
Ð<{1���$v$��y z�x	y���{1���-{&�
Ê Ï �}x&��|�x&��|�v�Ë d � d � ¶ z�x$� 2¼2 �Y~(v$��z�v�x&� v�~�w`��y�u7~Mv��My�u�����y�u�v*�Mz�{1Õ�|�v$�-x&��~
w<v�z�va|�{	wVy�{n�
v/z ��|�{�wB����x1|�|�� {}��|��N��t#x&��|�va� � ° � �

¯3�8y�����x&y�v$�a{&��y�{&y�x1|3v$|�v$�dv$��yi�${}��y�v$��y��-{&�<y�u�v �	±����1� �$��� {1��|W|�x$��v�z-���Fy�u�v*�A{&z�v$�8y^��|�{1y��
x	z�v��1���
v$�Ô���Ót#x&��|�vF� � Î(�_» ��¼+v/z�v$���$v��T��v/y�whv�v$�Ôy�u�v�� �'y�v$��whv�z�vF|�x&z��1v�x&��~®z�v/ô�v$��y�v$~®y�u�v
w<v�x&y�uMv�z������T�8y�x1�}v*{1�Wy�u�v^� �M���8y z�x&y�vpx1�i~M��� �$�M� � v�~�v$x&z�|���v�z � f�v�x&y�uMv�z������d{1���d����v�z�x&|��i���Xy�u�v
� {1��|<x1��~���x	z�v$��yaz�{��/·�{1�4�a{&z�{}·���|�x.�>{1z�v$�8y é x&��~7y�{Xx.|�v$� � v�zpv�¹�y�v$��y^���7y�u�{}� vd{&�YtG��|�x&� v�w4x
x&��~7�a{&z�{}��x&���U�A{&z�v$�8y�� é �${1��|�~7�(z�{&����~MvN�(�(y z���v$��y��i�A{&zp�M�My�x&·
vN����y�u�vN�
v$�}v/y�x&y���{}�Kx&��~�y�u�v
���My z���v$��y4�/�M��|�v��Y�>{1z`y�u�v$� v-�>{1z�v$�8y2�N�M�8y4��va�${1��� ��~Mv�z�v$~.{}��v$�7� ¶ x1��|�|���v é#��¸   ¸ � �

�au�x1�M��x�x1��~9ji|'z�����uÔ� ��¸  1���^�1z�{1����v�~�� {1��|��p����Õ��
vd�$|�x1� � v��N��x&� v�~�{}��y�uMvd�8y�x1�M��|��'y���{1�
� {1��|W�d����v�z�x&|��^x1��~�{�¹M��~(v$�^x1��~�y�u�vp��{}� � ����|�vd�M�M¼+v�z������Tz�v�x1�/y���{1���^�����
{}|��������.�(z�{1y�{1���d� ¬gÌ �
�����)z�v$v$|'��~�z�x1����v$~�� {}��|�� � thu�v-z�v$� ��v$�/y����}va���M¼+v/z����M�Nz�x1�M�}v$�4w<v�z�v ú

Í Ðhx1|��$�����õ��x	z���{}��x&y�v^���(¼+v�z4z�x1�M�}vd��� ¬�Î �¼Ï²Ð Î�� � �
ÍQè ��|�����x&y�v^���(¼+v�z4z�x1�M�}vd� °�� ��Ñ � ¬�Î �¼Ï ÑYÎ(� � �
Í Ðhx&y���{}��v/¹M��u�x&���1va���M¼+v/z4z�x1���1vd��� � ��Ñ � ¬gÎ �¼Ï Ñ2°�� � �
ÍsÏ |����d���M���M� ���(¼+v�z4z�x1�M�}vd��� �   Ñ � ¬ Î �¼Ï Ñ � � � �
Í*2 z�{1�X���(¼+v�z4z�x1�M�}vd� ��� � Ñ � ¬ Î �¼Ï Ñ � �  
�

thuMv4� ¬ Î �¼Ï {&�+� {}��|������Ny�uMv4�-x1��{1�p�>{1z�v$�8y�v$�8y�x&y�v4z�x&���}v$~p�>z�{1�_� � � y�{ Î(� �-���Ny�uMv<y�{}�M� {}��|�x&��~
�)z�{}� � � ° y�{X� �  X����y�u�vd� ���M� {}��|i�(0�v$� |���v�óHÉ-¤}ª�¿ éW��¸   ° � é v����${1�d��x1� � ���M�Xy�u�vn� ��|�����x&y�v é �$x&y���{}�
v�¹(��u�x&���}v é x&|��M�d���������¡x&��~T��z�{1�X���(¼+v�z4z�x1�M�}v$�Y{1�#�au�x1�M��xpx1��~�ji|'z����/u�� ��¸  &��� �

2 �7� {1��|��-w`�'y�u�� ¬�Î �¼Ïs�}x&|���v$�-���Fy�u�v*� ��|�����x	y�vd���(¼+v�ziz�x&���}v*y�u�v*� {}��|W���i���M¼+v/z�v�~�����y�u�v
w<v�x&y�uMv�z�������{1�Y� ��|�����x&y�v$� é z�v$|�v�x&� �����7x1|�·}x&|��i��ó�¿ § ¿X�-x é �*�ax1��~Kx1|�·}x&|��<v�x	z y�u��ó�¿ § ¿�Ðhx éi` ���
��x	y���{}���pw`u����/uL{��$�$�M����y�u�vTv�¹(�/u�x1�M�}v.� �'y�v$�N{1�-��|)x$�K�d���Mv�z�x1|��N�>{1z��dv�~K���Ly�uMvTw<v�x&y�uMv�z������
�(z�{��$v$� � � thuMv ¬ Ì ��{}�M�p�${1��� �M�dv�~7����y�uMvn�Mz�{��$v�� �p�${1�N�M���MvNw`�'y�u è �3y�{.�A{&z��Í� ��|����$����x1�$��~
� ¬ÓÒUè �)� Ò�é w`u�����u�v��
v$��y���x&|�|'�d�(z�v�x1·��4~({�w`��y�{ ¬ ���Vx1��~ è �>�g���<x1��~�|�v�x&�/uM�����N{&� è �����hy�u�v�z�v��
�>{1z�vn�M{1yax&�$�${1�d��x1�M��v�~����.|)x	z��}vn|�{1� � v$�^{1��{1y�u�v/za��x&y���{1��� � Ð<{}�M�$v$��y z�x&y���{}�M�-{1� ¬ Ð4�p�Y x&��~
�-�p�Y x	z�v4|�{�w®���py�u�v�� v4� {}��|�� � thuMv�z�v��>{1z�v`|�v�x1��u������i|�{1� � v$���)z�{}�\y�uMv$� v4� {}��|����$x1�n�${1��� ��~Mv/z�v�~py�{
��v`z�v$|�x&y����
v$|'��|�{�w � / z�x}~(��v���y��<{1�9�/uMv$�d����x1|�� {1��|��(z�{}��v�z y���v$��w`��y�uT~(v$�My�u�x	z�v2z�v$|�x&y����
v�|���� ��x&|�|
x&��~Ty�uMv^ÐMÔ&�Bz�x&y���{n���.y�u�v2z�{�{1yY¢${}�Mva���Y|�{�w � thu�v^x&� � {��$��x&y�v�~�u����1u�y��Mz��M{	�
v�zhz�x	y�v^x1��~�y�u�v
uM���1uKx1�d{1����y*{1�`���My z���v$��y��a����y�u�vnz�{�{&y�������¢${1��v��Mz�{	����~Mv�x.whv�|�|���x&|)x&���$v$~Kx1��~�x}~Mv$Ë���x&y�v
� �M����|'�T{1�#�(�(y z���v$��y��hy�{n��|�x1��y��^���au�x&����xpx&��~�j2|�z�����u é���¸  1��� �
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2 �7� {}��|��*w`uMv�z�vd� ¬�Î �¼ÏV�1x1|��Mv$�^x&z�vnw`�'y�u�����y�uMvd��x&y���{1��v�¹(�/u�x1�M�}vn�M�M¼+v�zaz�x&���}vdy�uMv Ï |
���®y�u�v�|�x&y y����$v$��{1�-�$|�x��L�d����v/z�x1|������d� �M���8y��'y��My�v$~L��� ¬ Ì ��{}�M� � thu�v�z�v$|�v�x1� v�~ Ï | Y Ì ��{1���
�A{&z��«��{}|'�(�dv�z����Nu��M~(z�{�¹�����x&y���{1���^w`��y�u�x���u�x	z��}vd{1�
Ö �(� ° ��v�z Ï |�x	y�{}�«x&��~7x1�$�$�M�N�M|)x	y�v
���Ly�uMvX����y�v/z�|)x$��v/z��d{1�-�8w<v$|�|����M�K�$|�x$�M� é z�v$��|�x1�����M��x&|�·1x1|��2x1��~sx1|�·1x1|��`v�x&z y�u®��{}���nw`uM���/usx&z�v
�${}�M� v�Ë���v$��y�|'�p|�v$x1��u�v�~ �;d uM{}� ��u�x&y�vY�${}�p������v��Ww`�'y�u Ï |�x1��~���v4y�{a�A{&z��o��{}�d��|�v�¹(v$�W{1�9|�{�whv�z
� {}|����M��|��'y���y�u�x1�Fy�u�{1� vN���Fy�u�v*� ��|�����x	y�vd���M¼+v/ziz�x1�M�}vX� è x1�M�/uMv$¢ é3��¸}´1Î � � thuMv�z�v��A{&z�vd���My z���v$��y
~Mv�Õ��$��v$������v��W��x$�*{��$�$�(z<���Ny�uMv$� v4� {}��|��Y���au�x1�M��x-x&��~�j2|'z�����u éM��¸  1��� � / z�x1~M��v$��y��W���N�/uMv$�d����x1|
�Mz�{1��v�z y���v$��w`�'y�u�~Mv$�(y�u�x&z�vY��� ��x&|�|��n|)x	z��}v�z4y�u�x1�ny�uM{}� vi{&��� {}��|��4���dy�uMv2� ��|�����x&y�v-�M�M¼+v�zWz�x1�M�}v �

Ï yd� {}��|`� ¬ Î �¼Ï �}x&|���v$�n��v�|�{�wõ� � �7Ï |���� ¬ � Y ��v$�${}�dv��n� {}|����M|�v�x1��~®x&|�·1x1|��Yx1��~®x&|�·}x&|��
v�x&z y�uK�$x&y���{}�M�nx&z�vTv�¹(��u�x1�M�}v�~Kx&�
x&���M�8y Ï | Y Ì ��{}���Nx1��~�|�v$x1��u�v�~ � 0�v$�
v$|��*{1�Yv�¹(��u�x1�M�}v�x&��|�v
Ï |Gx&z�v^y�u�v�z�v��>{1z�vpu����}uFx&��~.y�u�{1� vp{&�<v/¹M��u�x&���1v�x1�M|�vNÐhx�x1��~ ` �.x	z�v*z�v�~(���$v$~.y�{T|�v$� �Yy�u�x&�
°�±�����b {1�3y�u�v^��x	y���{}�Fv�¹(�/u�x1�M�}v^��x1��x1�$�'y��K��Ðh¯<Ð4� � thuMv^u����}u Ï |9�${}�M�$v$��y z�x&y���{1�����Xy�uMv*� {1��|
� {}|��My���{1�����h� {1�dv�y����dv$�<�$|�x&���dv$~dy�{*��v`y�{	¹(���2�>{1zhy z�v�vi� ��v$�$��v$�i� è x1�M�/uMv$¢ é��$¸
´1Î�� �au�x1�M��x^x1��~
ji|'z����/u é3��¸  &��� � thuMv$� vn� {1��|��^��� ��x1|�|'�F�${}��y�x&���7|�{	woË���x&��y���y���v$�i{1�hv/¹M��u�x&���1v�x1�M|�vN� é Ðhx�x1��~
` � é {&z��
x&��������x&y y�v�z é �bx1��~�� {}|����M|�v d w`u�v�z�v$x1�^y z�x1�$v�v$|�v$�dv$��y��d��ó�¿ § ¿ ` � é;× ���i��v$�${1�dv
� {}|����M|�vNx&�2whv�|�|3x&��~X��x$�.y�uMv�z�v��>{1z�v*��vp|�v�x&�/uMv�~�{1ziz�v$x1��uFy�{�¹(���p|�v$�}v$|��i����y�u�v^� {}��|U� {}|��(y���{1�
��ó�¿ § ¿ ` ��� �UÏ �U� ����u é ��{�{1zW�1z�{�w4y�uN��x$�^��vhv/¹M��v���y�v�~^{}�N� {1��|��W���py�uM���U�M�M¼+v�zGz�x1���1v-���au�x&����x
x1��~|j2|'z�����u é��$¸  &��� ��¶ v$��x&��� v-� ¬gÎ �¼Ï��1x1|��Mv$�h��v$|�{�wÓ� �  ^whv�z�v2� v$|�~M{}�d|'��v$�M�${}�M��y�v�z�v�~d����y�uMv
�Mz�v$� v���y�|'���8y���~M��v�~Tx&z�v�x&�`y�uMv-�'z�{}�����M¼+v/zhz�x1�M�}viw`��|�|G�M{1y4��va~(��� �$��� � v�~Tu�v�z�v �Xè �©cn�$viy�{N��x$�
y�u�x	yn� {}��|��d���Ly�uM���n���(¼+v�zNz�x&���}v��${}��y�x&���L�d{1z�v�y�{�¹(���M�dx1��~K�1z�v�x	y�v�z����My z���v$��yn~(v�Õ�����v����$��v$�
y�u�x&��y�u�{1� va����y�u�v^x&|����d���������b���M¼+v/z4z�x1���1vd���au�x&����xpx1��~&ji|'z�����u é���¸  &��� �

thu�v*� ¬�ØTÙ�Ú ���-��� ��x1|�|'��|�{�whv�z-y�u�x1��y�u�v*� ¬ Î �¼Ï ~(��v^y�{�x���v/yi�Mv$�
x	y����}vN��u�x&z��1vN{&��� {1��|
��x	z y�����|�v��px&��~�����~M����x&y�v��^y�uMvn���(¼+v�zaz�x1�M�}vnw`uM����u�w<{}��|�~���vnx&y y�x1���Mv�~�x1�pxTz�v�� ��|'y*{1�`u����1u
�������(y��4{1�U�(z�{1y�{1���`{1zY��x	y���{1���*��ó�¿ § ¿�x	�>y�v�z`�Av/z y���|���¢�x	y���{1��� �
thu�vX� {1��|2� ¬ Î �¼Ï é � ¬gØTÙ�Ú_é
b � éib Ð¡x1��~�0#� 2 whv�z�vX~Mv�y�v�z��d���Mv�~L���Ly�u�vX�&z�x1� � |�x1��~Ôx1��~
�A{&z�v$�8yh� {1��|�� é w`u�v/z�v�x1�h��{}����v$��y z�x&y���{}�M�<{1��v�¹(��u�x&���}v$x1��|�vY��x&y���{1��� é �a� Y x1��~�Ê x	�1x1��|�x1�M|�v�Ë d ��x1�
~Mv�y�v/z��d���Mv�~iw`�'y�upy�uMvhÐhx	�609x1��y�x	y�v4�dv�y�u�{�~ax&��~^�}���
v$�px1� d � Ò ��w<v�z�v4~(v�y�v�z��d����v�~a���^y�u�v3�A{1z �
v$�8yh� {1��|��4{1��|'�d� ������v2y�u�v�� vix	z�vi|���·
v$|'�ny�{*� u�{�wÓxa� v�x1� {1��x&|+ô�����y���x&y���{}������y�u�v`�1z�x&� � |)x&��~T� {}��| é
�${1z z�v�� ��{}��~(�����`w`��y�u*y�u�x	y#{1�My�u�vW�1z�{�w4y�uN��x&y y�v�z��^{&��y�u�v��
v$�1v�y�x&y���{}�T��½�¾�¿ è v$�/y���{1� �$�(� �
� � �M�Mz �
y�u�v�z��d{&z�v é 09v�� |���vTóHÉ<¤}ª�¿4� ��¸   ° �hu�x&�`x1|'z�v�x1~(�T�Mz�v$� v���y�v$~.~�x	y�xp{1�Ty�uMv-v�¹(�/u�x1�M�}v�x&��|�v-��x	y���{1���
x1��~ÛÊ x��}x&��|)x&��|�v�Ë d ���i|�� v$�$Ë �dv/¹(y z�x&��y���{}�®�dv�y�u�{�~��p���®�A{1�Mz��&z�x1� � |�x1��~s� {}��|������Ly�u�v.�ix1��{1�
x&z�v�x � thu�v*x1��x1|'��y�����x1|U~Mx&y�xn���i�(z�v$� v$��y�v�~.��� Ï ����v$��~M�'¹ �1Î)é w`uMv�z�v�x&�2whv����1u�y�v�~�x��
v�z�x1�1v$�i{&�
y�u�vhz�v$� ��v���y����
v2��x&z�x&�dv�y�v�z���x&z�v`�}���
v$�d���Tt#x&��|�v`� � ´���è ���1���'Õ���x&���$v`|�v$�
v�|��W�A{&z4x1���N~M�'¼+v�z�v$�M�$v$�
���X�dv�x1�M�2��v/y�whv�v$�.y�u�v^� �'y�v$�ix&z�v^�Mz�v$� v���y�v$~.���Ft#x1�M|�v^� �   �hè y�x&��~�x	z�~�~Mv$����x&y���{1���`whv�z�v^��x&|��
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thu�v`� ¬gÎ �¼ÏF{1�+y�u�v4� {1��|�{1�+y�u�v
Ü.Ã©Ý3È�ÁwÞ�É	Ã�Ä�Ä�Â>Ã�áIßF��|�{1yWw4x&��w`�'y�u����ny�u�v4� ��|�����x&y�v2���(¼+v�z
z�x1�M�}vax&��~�� uM{�whv�~.|��'y y�|�va�}x	z���x&y���{}�.w`�'y�u�~(v$�My�u � thu�v^~(�'¼+v�z�v$����v-��v�y�w<v$v$�Ty�u�v-� ¬ Î �¼Ï x1��~
y�u�v�� ¬�ØTÙ�Ú w4x&�n� ��x1|�|`x&��~K��{}� �'y����
v�� �(� � ±��(� ° �n� ���1�}v$�8y����M��y�u�x&yn�$x&y���{}�M�d{1y�u�v/zNy�u�x&� ¬ Ì
{��$�$�M����v�~ay�u�vhv�¹(��u�x&���}v�� �'y�v$� é w`uM����upw<{}�M|)~^z�v$� ��|'y3���px2u����1uN��x&� vh��x&y��(z�x&y���{}� � thu�v<� ¬gÎ �¼Ï é
b �_x&��~.0#� 2 �>v$|�|Gw`�'y�u�����y�u�vaz�x1�M�}v*{1�3y�u�{1� v^{}��� v/z��
v�~X���Xy�u�va�A{&z�v$�8y-� {1��|�� �2¬ {�w<v$�
v�z é y�uMv
� ¬ ØTÙ$Ú whx1�Y~M���8y������/y�|���u����1u�v�z2x1��~Ty�uMv b Ðx1��~�y�u�v*ÐMÔ	�Ìz�x&y���{Nw<v�z�v^|�{�w<v�z2y�u�x1�Ty�u�{}� va{&�
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�������±°�� ³�ª ��¢?¸�Äá�'%º¼¸�Ç�¾���¸�ÆH¾�"¸w»���¹È»�¸�¹$º6ÆH¾�º6Ä���¹$�1�OÁ�����Ä)¶G»�'�¸��&Ä�»�¾�¶3ÂÈÆH��Â�¸�Æ^º_Ä�¸��o¾�º���¾�Æ^â
Ä���µ%�9Ç©¸½ÂIº)'%�KÄ)¹�º('�¸K����Ä)¶��?��Áoº)'$¸.ã�¾�ä���µL�ÆH¾����^¶�¾�¹IÇoÂÈ¶���º�r|º('�¸� �µB¶�¾���¸�¡�¾
r�Å1��ÆH��·�µB¶�¾
r
Å1��ÆH���1¾�¹$Ä�Á���Æ#¸^�^º;ÂÈ¶���º��$rÓ¾�¹ÈÇ.º('�¸oå�¶�¸���¶�¸½"¾K»�¾�º½»�'%�.¸�¹ º*Z½¹²ÆH¸¼ÂÈÆ#¸^��¸�¹$º_�,º('�¸|¹$µB�.ä�¸�Æ|��Á
��¾��4ÂÈ¶�¸�Â$��Ä)¹$º_��æ|ç 	���¾�Ä)¶�¾�ä�¶�¸ è�q Z#§
¾�â_¥;¾©»�º¼¾�º¼¸|�.¸�º)'$��Ç�]&�Ä)��¸�¹Û¾��pq�åTé	]�-

PO4NO3NH4MgCaKNaLOIC/NCNpH*pHnDepthSite
                           [meq 100 g-1 soil][%][%][%][cm]

8.912.42.090.1694.705.2018-12Nabou
7.49.40.970.1034.895.32124-28Grassland
6.75.40.310.0574.905.31140-44
5.96.10.430.0714.915.22160-64

0.0050.0060.0576.932.630.1330.1589.915.02.550.1713.975.05130-10Tulasewa
0.0040.0070.0326.982.300.0800.1419.712.71.520.1193.975.141210-20Forest
0.0050.0110.0186.922.220.0650.1858.613.31.150.0863.815.061320-30
0.0020.0070.0087.051.270.0680.2187.212.20.480.0393.855.161340-50
0.0020.0050.0048.391.070.0820.2786.910.30.250.0253.905.331360-70
0.0020.0050.0069.581.400.0890.3356.68.30.140.0174.395.42890-100

11.962.060.1100.3600.014.135.581115-130

0.0100.0280.0563.512.310.0610.2126.615.42.200.1424.365.44130-10Korokula
0.0040.0210.0403.892.250.0420.2256.214.61.720.1184.325.511210-20Forest
0.0050.0040.0223.141.390.0200.1965.015.91.250.0794.245.55820-30
0.0030.0070.0045.621.040.0320.2314.713.90.570.0414.165.571340-50
0.0020.0070.0017.990.560.0300.3424.813.90.310.0224.215.791360-70
0.0030.0050.0018.630.290.0250.3395.39.60.220.0234.326.07580-90
0.0020.0030.00110.030.320.0110.5937.014.00.590.0424.685.921100-110

0.0120.0180.0612.192.330.0530.19314.018.53.470.1884.024.73130-10Koromani
0.0040.0100.0271.281.160.0230.11011.716.81.870.1113.954.831310-20Forest
0.0030.0080.0140.940.770.0150.0719.617.11.370.0803.874.831220-30
0.0030.0080.0080.430.230.0130.0789.412.50.650.0523.824.791340-50
0.0020.0080.0060.330.150.0140.0769.512.30.500.0413.844.601360-70

0.630.600.0200.2900.194.054.68190-100
0.540.560.0200.3100.114.014.461140-150

0.0130.1290.1701.931.280.1140.1708.316.32.220.1363.974.60250-10Oleolega
0.0040.0680.1331.670.750.0810.1187.114.81.250.0843.874.562510-20Forest
0.0010.0250.0702.060.290.0620.1276.211.30.370.0333.834.722530-60

pH*: pH of soil in KCl solution
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�i�����±°��$³ î ��ð Äá�¹$Ä ñG»�¾�¹È»�¸�¶±¸���¸�¶ò�;Á���Æ�Ç�Ä ó4¸�ÆH¸�¹I»�¸^��Ä)¹K�1¸�¾�¹K��¾�¶òµ$¸��#ôM»�¾�¶�»�µB¶�¾�º¼¸�Ç&µ%��Ä)¹%|º('�¸
õ"ö#÷$ø °�ù ö�ú û�ö Ç�Ä��^º_Æ^Ä�ä�µBº6Ä���¹�ô,��Á&����Ä)¶G»�'�¸��&Ä�»�¾�¶IÂÈÆH��Â�¸�Æ^º6Ä�¸^�.Ä)¹�º('�¸L BµB¶�¾���¸�¡�¾�ôÓÅ1��ÆH��·�µB¶�¾
¾�¹ÈÇ�Å1��ÆH���.¾�¹ Ä�Á���ÆH¸��^º;ÂI¶���º_��¾�¹IÇ.º('�¸GÁ���ÆH¸��^º½¸�Ç?å�¶�¸���¶�¸½©¾9»�¾�º¼»#'B�1¸�¹$º¼-

PO4NO3NH4MgCaKNaLOIC/N%C%NpH*pHnDepthLocation

Significance levels of differences between means
Depth interval 0-10 cm

<***<***ns>***>*>***<**>***nsns>*<***<***Tulasewa <> Korokula
<***<**ns>***>*>***<*<***<***<***nsns>***Tulasewa <> Koromani

ns<**<***>***>***nsns>**<**nsnsns>***Tulasewa <> Oleolega
nsnsns>***nsnsns<***<***<***<***>***>***Korokula <> Koromani
ns<**<***>***>***<***<**<***<**nsns>***>***Korokula <> Oleolega
ns<**<***ns>***<***ns>***ns>***>**nsnsKoromani <> Oleolega

Depth interval 10-20 cm
ns<***ns>***ns>***<***>***<**nsns<***<***Tulasewa <> Korokula
nsnsns>***>***>***>**<***<***<*nsns>***Tulasewa <> Koromani
ns<***<***>***>***nsns>***<**<*>***ns>***Tulasewa <> Oleolega
ns>**>**>***>***>***>***<***<***nsns>***>***Korokula <> Koromani
ns<**<***>***>***<***>***<*ns>***>**>***>***Korokula <> Oleolega
ns<**<***ns>**<***ns>***ns>***>**ns>**Koromani <> Oleolega

Depth interval 40-50 cm
nsns>***>**>*>***ns>***<***nsns<***<***Tulasewa <> Korokula

>**nsns>***>***>***>***<***ns<***<**ns>***Tulasewa <> Koromani
>**<***<***>***>***ns>***>*nsnsnsns>***Tulasewa <> Oleolega
nsns<***>***>***>***>***<***>*ns<**>***>***Korokula <> Koromani

>***<***<***>***>***<**>***<**>*>**>*>***>***Korokula <> Oleolega
>***<**<***<**ns<***<**>***ns>***>***nsnsKoromani <> Oleolega

pH*: pH of soil in KCl solution
ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

�i�����±°��$³ Õ ��ðÈµB�����OÁ�»�¾�º6Ä���¹���ü6ðGý;þwô��.¸#ÿ���!©!1 ¿�À ����Ä)¶ ��ôg»�¾�º6Ä���¹�¸��%»�'�¾�¹%©¸1»�¾#Â$¾�»�Ä)º��
ü�§���§iô
�1¸�ÿ	��!�!&�¿�À&����Ä)¶ ��ôG¾�¹ÈÇoä�¾���¸���¾�º6µBÆH¾�º6Ä���¹�ü��gð$ô�
��1¾�ºG��¾�Æ^Ä���µ%��Ç�¸¼ÂÈº('"��Ä)¹²º('�¸
����Ä)¶BÂÈÄ)º_�|¾�ºGº('�¸w �µB¶�¾���¸�¡�¾�ôiÅ1��Æ#��·�µB¶�¾K¾�¹ÈÇ&Å���ÆH���.¾�¹ Ä$Á���Æ#¸^�^º;ÂÈ¶���º���-

  Koromani Korokula  Tulasewa
BSCECSUMDepthBSCECSUMDepthBSCECSUMDepth

818.66.90-106.30-108623.320.00-8
837.75.614-20975.45.218-359423.422.019-26
625.83.543-5310120.820.940-509331.429.235-40
715.13.673-9310235.636.260-709230.728.150-63
674.93.197-10510736.338.880-909230.127.775-80
565.42.9152-1629831.430.8115-130
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C-TotN-TotNO3-NNH4-NP*P+MgCaKNaDepthLocation

6624569010-60Nabou grassland
711785329719502.4609124622203210-60Tulasewa Forest
87458588413231103.6490723511154410-60Korokula Forest
9765961231019163.27831096581630-60Koromani Forest
635634513531052.718378162202300-60Oleolega Forest

91357110480-100Nabou grassland
8251765281123783.51237738954117270-100Tulasewa Forest
103368724218241645.01102928661799150-100Korokula Forest
11571671841322243.810911495933860-100Koromani Forest

P+: Ca-Lactate extraction method; P*: Bray II extraction method, soil
pits only
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�i�����±°Hª ³�ï©ï^Ý ðÈµ2Þ	Þ.¾�Æ7�Vß�Á1¾SÞ_ß�µB¹$º_��ßOÁ&º�ß�º¼¾�¶3ãU¾�¹IÇ?¾Sà�¾�Ä)¶�¾©ä�¶±¸�¹ µBº_Æ^Ä�¸�¹$º_��ü�·�á`â$¾�¿&«��
Ä)¹fã�Ä)¹$µ%��»�¾�Æ^Ä�ä�¾�¸�¾�Á4ß�ÆH¸��^º���ß�Ä)¶ò�4ä

ReferenceMgCaKPNForestDeptSoil type/textureLocation
age[cm]

Present study60912462220502670-60Udic HaplustollTulasewa
4907235111511036120-60Udic HaplustollKorokula
7831096581629160-60Typic EutrustoxKoromani

1837816220158160-60Clay-Sandy loamOleolega

Leslie et al. 198567786498516235737*0-80-60Clay-sandy loamNabou+

Russell 19834110949284487*9.50-10Ultisol/sandyBrazil

Cornforth 197042151284944*40-7.6Fine sandy clayTrinidad
3799*40-7.6Sandy loam

27152194978*60-7.6Gravelly/Fine sand
783821641502*70-7.6Fine sand

Lugo 199217490*2940*31480*1710*8929*4.50-10ClayPuerto Rico
8870*3630*26250*1690*11630*18.50-10Clay

Cuevas et al. 19916651153213104923*110-30Tropohumult/clay loam

+: Obtained by combining average bulk density data from the present study with analyses of 25 soil profiles made in
the Nabou forest estate by Leslie et al. 1985; *: Total in soil
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021 �436587:9<;>=@?A9<BDC/C { CFEF9 1 =,G8HI5�JKJKLM5�7�NO5 {P1 H<CQJR9I5.9<; 1 7 1 7SET5.9<EUBDVWCQ7:9YXZ5�9<CFHW?[;\CQL]N é 9<B6C^N[HK?JKCT58J 1 7�X&5�9<CUH,3DJKC 1 = 9<B6C_G8HI5�JKJKL]587�N"X`;\L\LbacCdNDCF9<CUH<VW;]7DCTN^;\7^9<BD;]JeEIB�58f[9<CFH é X`BDCFH<CT5�Jg9<B�5.9 1 =9<B6ChfD;]7DC f6L]587:9I5�9<; 1 76JiX`;\L\L:acCh9KH<CT5�9<CQNj;]7j9<BDCh= 1 L\L 1 X`;\76G,EIB�5�fD9<CFH<JQk=�lJK36VWVm5.H<;\JK;]7DG`ND;\JKEQ3DJKJK; 1 7X`;\L]LiacCjfDH<CFJKCQ7:9<CTN/;\7 � B658fD9<CUH,n4k0 B6CUH<C�;\J_opCFHK?�L\;>9K9<L\C�B:?DN[H 1 L 1 Gq;\ET5�L 1 H_VW;\EFH 18r VWCF9<C 1 H 1 L 1 G8;\ET58Ls;\7D= 1 H<Vm5�9<; 1 7t5Toq5�;\LM5�a6L\C 1 77�5.9<3DHI58L&G�HI58JKJKL]5876NDJm;\7u9<BDC/B43DVW;MNl9KH 1 f6;\EQJQkuv$CU9�9<B6C/76CQCQNA= 1 HmJK3DEUBSN65.9I5w;\JWG8H 1 X`;\76Gl58JL]5�H<GqCg5�H<CQ58J 1 =xJKCQVW; r 3D76f[H 1 ND36EU9<;]oqC&G8HI58JKJKL]5�7�Nm5�H<CeacCQ;\76G_E 1 74opCFHK9<CTN�9 1 fDLM5�7:9I5�9<; 1 7W= 1 H<CQJR9$= 1 HX 1:1 Nlf[H 1 ND3DEF9<; 1 7zy�� o85876J é|{ n8np}q~ é X`B6CFH<CT5�J�5.9_9<B6C�J<5�VWC�9<;\VWC�7�5.9<3DHI5�Ls= 1 H<CQJR9<JY5�H<C�acCF;]7DGE 1 74opCUHK9<CTNw9 1 f658JR9<3[H<C�L]587�Nl5�9Y5^B6;\G8BlHI5�9<C é f�5�HK9<;\EQ3DL]5�H<L>?l;\7�Öi5�9<;\7A�eVWCFH<;\ET5ty���BD;>9<V 1 H<C é{ n8nq�p~Uk`k0 B6C/EUB6587DGqCQJW;\7uVW;]EUH 1 EQL\;]Vm5.9<C�58JKJ 1 EF;M5.9<CTNSX`;>9<BuLM5�7�N r 3DJKC^E 1 74opCFH<JK; 1 7�y@¾7¿ ÀS¿ H<CU��CQEF9<CQNHI5qN[;M5.9<; 1 7 é 9<CQVWfcCFHI5�9<3[H<C é B43DVW;MN[;>9�?6~g5�7�NlJ 1 ;]L\J�y@¾7¿ ÀS¿2;\7D�6L\9KHI5.9<; 1 7+ET5�f�5�EQ;>9�?P� è B436�4L]5V¾U� Æ)Ç ¿ é{ n8nq�p~2X`;\L\L6EQCUHK9I58;\76L>?�5��PCQEF9sCQo858f 1 9KHI587DJKf6;>HI5�9<; 1 7^y�� 0 ~h5876Nd9<BDC$X&5.9<CFH ?D;\CQL]NPkh��7�5�H<CT5�J X`BDCFH<CHI58;\7D=�58L\Lb;\J,BD;\GqB6L>?/JKCT58J 1 7�5�Lb9<B6C�ND;\JR9KH<;\a63[9<; 1 7 1 =sJR9KH<CT5�V�� 1 X 1 oqCFH`9<B6C_?:CT5.H,Vm5Q?�EUB6587DGqCd58JXZCQL\L é L\CT58ND;\76G^9 1 � 1:1 N[;]7DG�5876NtCFH 1 JK; 1 7A;\7+5.H<CT58J�X`B6CFH<C�9<BDC�G8HI5�JKJKL]587�Nt;]J 1 opCFH<G�HI58�QCQN+5876NH<CQGq3DL]5�H<L>?(a63[H<76CTN+y��e7�N[H<3DJ éb{ n8�q�4�b�|H<3D; ÓR76�FCQCQL é { nqn8�p~Ukd5�7�N"9 1 JKB 1 HK9I5�GqCQJ 1 =|XZ5�9<CFH_ND3DH<;\7DGN[HK?�fcCUH<; 1 N[Jd5�=@9<CUHd5�� 1 H<CFJR9I5�9<; 1 7 1 =&JK36EIBt5�H<CT5�J�y���5�VWVWCFH_5�7�N�Ø,57Ó é|{ nq�8n[�boq5�7fÖx;]L\L�¾U� Æ�Ç ¿{ n8�q�[� è EIB436L\�QC_5�7�N,Ë,C 1 H<GqC éb{ n8�p�q~ é0 B6CUH<C�5�H<CdJKCQopCUHI58Lb=�5�EF9 1 H<JWy@¾7¿ ÀS¿c7DCF9,HI58ND;]5�9<; 1 7 é J 1 ;\LhV 1 ;\JR9<3[H<C�5To858;\L]58a6;\L\;>9�? é opCFGqCF9I5.9<; 1 7JK3DHK=�58EQCmEIB�5�HI5�EF9<CFH<;\JR9<;\EQJI~�9<B65�9Y5��PCFEF9Y� 0 a:?toqCQGqCF9I5.9<; 1 7ik�Éj3DH<;\7DG^9<B6C�G�H 1 X`;]7DG(JKCT58J 1 7 é ;>=J 1 ;\L&V 1 ;\JR9<3[H<C�;\J�7 1 9YL\;]VW;>9<;\76G é X&5�9<CUHW36JKCmX`;\L]L`N[CQfcCQ76N+LM5.H<GqCQL>? 1 7�9<BDC�5.o858;\L]58aDL\C^CQ7DCFH<G8?:kÉj36C"9 1 9<B6CwND;>�PCFH<CQ7DEQC�;\7�58L\acCTN 1A1 =dG8HI5�JKJKLM5�7�N[Jly��[k { �.�4�4k }8�p~"5�7�N 1 =�E 1 7D;>=�CFH 1 36J/= 1 H<CQJR9<Jy��[k �p�Q�4�4k { �4���eHK?45 éY{ nq�q�q~^58V 1 367:9<J 1 =d9<B6Cw5Toq5�;]L]5�a6L\ClCQ7DCFH<G8?zX`;]L\L_acCwB6;\GqBDCFH�5�a 1 opCw9<BDC= 1 H<CQJR9<Je9<B6587�5�a 1 opC_G8HI5�JKJKLM5�7�N[Jj5876N�= 1 H<CQJR9g9KHI5876JKfD;>HI5�9<; 1 7"HI5.9<CQJ`E 1 3DLMN^9<BDCFH<CF= 1 H<C�acC_B6;\GqBDCFH9<B�5�7S9<B 1 JKC 1 =�G8HI5�JKJKL]587�NO3D7�N[CFH�JK;]VW;\L]5�H�EQL\;\Vm5�9<;\E(E 1 7�ND;>9<; 1 7DJQk���7O5qNDND;>9<; 1 7 é 9<BDC�B6;\GqBDCFH58CFH 1 N4?[7�58VW;\E�H 1 36GqBD76CQJKJ 1 =`= 1 H<CQJR9<J�58JdE 1 VWf65�H<CTNt9 1 G�HI58JKJKL]5876N+H<CQJK36L>9<J�;\7+V 1 H<CmCF�WEQ;\CQ7:9oq5�f 1 3[HZ9KHI587DJKf 1 HK9 é CQJKfcCQEQ;]58L\L>?�N[3DH<;\76GdHI58;\7D=�58L\L2CFopCQ7:9<JZX`B6CQ7�9<B6CjCF76CFH<G�?�= 1 HeCQo858f 1 HI5�9<; 1 7";\JJK36fDf6L\;\CTNla:?t5qNDoqCQEF9<;\opCWE 1:1 L];\7DG 1 =&9<B6Cm5�;\HYVm58JKJ/Ó�36JR9�58a 1 opC�9<B6CWoqCQGqCF9I5.9<; 1 7+HI5�9<BDCFH�9<B�5�7
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a:?"HI58ND;]5�9<; 1 7zy�Øg3[9K9<CFH é { nq�q�4�&×bCQ5�H<EQC�¾U� Æ)Ç ¿ é { nq�q�q~UkW�eJ_JK36EIB é ;\749<CUH<EQCQfD9<; 1 7 1 =ZHI58;\7D=�58L\Lsa4?= 1 H<CQJR9<JgJKB 1 3DL]N(acC�JK;\Gq7D;>��ET5�749<L>?^B6;\GqBDCFH,9<B6587^9<B65�9ga4?/G8HI5�JKJ�y·¶Z58L]N[CFH éh{ nq�8n éh{ nq�q}4� è EIB436L\�QC5�7�NLË,C 1 H<GqC é6{ n8�p�8~ é 58L\J 1 acCQEQ5836JKC_y�f65�HK9<;\EQ3DLM5.H<L>?YE 1 76;>=@CFH 1 3DJI~h= 1 H<CQJR9 9<CQ76N�9 1 B�5TopCZL]5�H<G8CFHsL\CT5�=JK3[HK=�58EFC�5�H<CQ58J,9<B6587�G8HI5�JKJKL]587�N�y�Êp5.H<o[;\Jm¸U� Æ�Ç]¹ éb{ nq�8�4�hº^EF�O;]L\L\;]58V³¸U� Æ�Ç]¹ éb{ n8nq»q~dk,¼ 1 XZCQopCUH é7 1 N65.9I5";]J�?:CF9d5To858;\L]58aDL]C 1 7tHI58;\7D=�58L\LZ;\7:9<CFH<EQCQf[9<; 1 7A;\7l9KH 1 fD;]EQ58L$G�HI58JKJKL]5876NDJQk 0 BDCW76CT5.H<CQJR9 éfcCFH<B658fDJ é ;]J|9<B6CeJR9<3�N[? 1 =xHI58;\7D=�58L\LP;\749<CUH<EQCQfD9<; 1 7�;\7�JK36Gq5�H&ET5�76Ce;\7/�sHI58�Q;\LPa:?:ÖiC 1 f 1 L]N 1 ¸U� Æ)Ç]¹y { nq� { ~&X`B 1 H<CQf 1 HK9<CTN"587^5TopCFHI58G8C�oq5�L]3DC 1 = ½p¾ 1 =h;\7DEQ;]NDCQ7:9&HI58;\7[=�58L\L�k�OB6CQ7l9<BDCmEQL\;]Vm5.9<CW;\JYJKCT5�J 1 7658L é 9<BDCWG8HI5�JKJKLM5�7�NAopCQG8CF9I5�9<; 1 7+X`;]L\LZCU¿DBD;\a6;>9Y5"f�5�9K9<CUH<7 1 =G�H 1 X&9<B�587�NYND;\CQa658EI��y�X`BD;\EUB�Vm5Q?�acCZG8CQ76CU9<;]EQ58L\L>?�HI5�9<BDCFHh9<B�5�7�Ó�36JR9sEQL\;\Vm5�9<;\ET58L\L>?YE 1 7:9KH 1 L\L\CTN6~E 1 ;\76EQ;]ND;\7DGjX`;\9<B�oq5.H<;M5.9<; 1 76Js;\7Y9<BDC&V 1 ;\JR9<3DH<CZE 1 7:9<CQ7:9 1 =c9<BDC$9 1 fDJ 1 ;\L6X`B6CUH<CZ9<B6C$H 1:1 9ZN[CQ76JK;>9�?;\J$L]5.H<GqCQJR9Tks��7Y9<B6C`E 1 3[H<JKC 1 =P9<B6CeN[HK?YJKCT58J 1 7 é X`B6CF7�9 1 f6J 1 ;\L�V 1 ;\JR9<3DH<C`L\CQopCFL]J$N[H 1 f�9 1 X`;\L>9<;\76Gf 1 ;]7:9 é 9<BDC,5�a 1 opC r G8H 1 367�N�f 1 HK9<; 1 7 1 =x9<B6C`G8HI5�JKJKL]587�N�opCQG8CF9I5�9<; 1 7�N[;]CFJZ5876N�9<B6C`3676NDCFH<G�H 1 3676Nf65�HK9<J|H<CFVm58;\76J$N 1 H<Vm5�7:9$3D749<;\L69<BDCgJR9I5.HK9 1 =i9<BDCg7DCF¿49|X$CF9&JKCT5�J 1 7iksÀ,5�9<3DHI5�L\L\? é 9KHI5876JKfD;>HI5�9<; 1 7X`;\L\LDacC&L 1 XSND3[H<;]7DGg9<BDCZN 1 H<Vm587:9hJKCT5�J 1 7mN[36C|9 1 9<B6C$H<CTN[36EF9<; 1 7�;\7Y9<BDC$9KHI587DJKf6;>H<;\76G,L\CT5.=x5�H<CT5 éX`BDCFH<CT58J_CFoq5�f 1 HI5�9<; 1 7t=@H 1 V�9<B6CdJ 1 ;\Ls;]J_f[H<CQopCQ7:9<CTN�a:?"9<BDC�;\J 1 L]5�9<;\7DG�ET58f658EQ;>9�? 1 =$9<BDC�NDCQ5qNJR9I5�7�ND;\7DG/EFH 1 fw587�N�L\;>9K9<CFH_L]5Q?:CFHTkd�eJg9<B6C�H 1:1 9<;\7DG"NDCFfD9<B 1 =|f6;\7DCY9KH<CQCQJ�y { � { ��V é ��5�VWVWCFH5�7�N�Øg54Ó éb{ nq�8nq~e;\J,VY36EIB^L]5�H<G8CFH,9<B6587^9<B65�9 1 = 9<B6C_G�HI58JKJYyRÁ { V�~|= 1 H<CFJR9,9KHI587DJKf6;>HI5�9<; 1 7wEQ587acCeJK36JR9I5�;]7DCTN�= 1 H&V�3DEUB�L 1 76GqCUH&fcCFH<; 1 NDJ 1 =i9<;\VWCeND3[H<;\76G_9<B6CeN[HK?�JKCT58J 1 7 é CQopCQ7�X`BDCQ7W9 1 fDJ 1 ;\LV 1 ;]JR9<3[H<CZL\CQopCQL\J B�5TopCZN[H 1 fDfcCTN�acCQL 1 XuX`;\L>9<;]7DGjf 1 ;\7:9`y��sN[X&5.HINDJ é�{ np��n[� è EIB436L\�QC$587�NDË,C 1 H<G8C é{ nq�p�8~Uk0 BDCjE 1 V�a6;\765�9<; 1 7 1 = 5�L\LP9<BDCQJKC,=�58EF9 1 H<JeJK3DGqG8CQJR9<J&9<B�5�9ZB6;\GqBDCFHe587D7[3658LP� 0 HI5�9<CQJ&Vm5Q?WacCCF¿[fcCQEU9<CTNm= 1 Hef6;\7DCg= 1 H<CQJR9<J&9<B�5�7�= 1 HeG8HI5�JKJKLM5�7�N[JQk$��7�9<BDCg= 1 L\L 1 X`;\76Gm� X`;\L]LxaDH<;\CF�D?WH<CQo4;\CFX�9<B6C5To858;\L]58a6L\CZCFo[;]N[CQ76EQC =@H 1 VÂ9<B6CsL\;>9<CFHI5�9<3[H<C 1 7�9KH 1 fD;\ET58L4G8HI5�JKJKL]587�N[J 5876NdCF�PCFEF9<J 1 =65�� 1 H<CQJR9I5�9<; 1 7ik0 BDC_5Toq5�;\LM5�a6L\CjJR9<36ND;\CQJZE 1 VWf�5.H<;]7DGd9<BDCeXZ5�9<CFH`3DJKC 1 =bG8HI5�JKJKL]587�Nm9 1 9<B65�9 1 =2= 1 H<CQJR9`;\7W9<B6C9KH 1 f6;\EQJ&N[CT58LcX`;>9<B/Vm5�7 r Vm5qN[C&f�5�JR9<3DH<C,L]5�7�NDJ$;]7/�gVm5�� 1 7D;]5�y��Z5�JR9I58aDL]CW¸U� Æ�Ç]¹ éc{ n8nq»[�[�lH<;\G8B49¸U� Æ)Ç]¹ { nqnq}q~ é 5�76743�5�L\L\?(aD3DH<7DCTNwG�HI58JKJKL]5876NDJ�;\7t9<BDCL× B6;\L\;]fDf6;\76CFJWy��Z58E 1 76G836;\Jd587�N�Êp58JKVW;\7 é{ nq�8½[�^É_587 1 é6{ nqn8�p~ 1 H$G�HI58JKJKL]5876NDJ$5�9|B6;\GqBDCFHZ5�L>9<;\9<36NDCQJs;\7W�e=MH<;\ET5�y�È 1 ET5�7m587�NDÈDH<;\f6;]5�9 é�{ np��»[��Z5�;\L]L>?Ã¸U� Æ)Ç k é`{ nq��½[�e�$L]58EI�[;\C ée{ nq�8nq~Uk 0 B6CQJKC�JR9<3�N[;\CQJW58L\LZE 1 76JK;]N[CFH<CTN�JKB 1 HK9�G8HI5�JKJ"y�B6CQ;\G8B49Á { V�~dX`B6;\EIBzH<CQ7�N[CFH<J�9<B6CF;\HWH<CFJK36L>9<JmL]CFJKJ/5�f6fDL];\ET5�a6L\C"9 1 9<BDC^9I58L\L\CFH�G8HI5�JKJKLM5�7�N[J�= 1 3676NS;\7Èb; ÓR;�k è CFopCFHI58L 1 = 9<B6CQJKC�JR9<36ND;\CQJgX$CFH<CdET5�HKH<;\CTN 1 3[9,;\7�JKVm5�L]L2ET5�9<EIB6VWCQ7:9<Je5876N";\7�J 1 VWC�ET58JKCFJL\CT5��q5�GqCmV�3DJR9_B�5TopCWacCQCF7+E 1 7DJK;]NDCFHI5�a6L\C é L\CT58ND;\76G"9 1 3D7DH<CT5�L\;]JR9<;\ET5�L\L\?+B6;\GqBA� 0 oq5�L]3DCQJmyI¸ ¹ Ä:¹;\7t9<BDC:× B6;\L\;]fDf6;\76C�ET58JKC.~UkmÅ|5�H<;]5.9<; 1 76J�;\7+J 1 ;\L 9�?[fcC é JKCT58J 1 7�5�L];>9�? 1 =$9<B6C�EFL];\Vm5.9<Cm587�NwG8HI5�JKJJKfcCQEF;]CFJe=@3DHK9<B6CUH`E 1 VWfDL];\ET5.9<Cj9<B6Cjf[H<CTND;\EF9<; 1 7 1 =hXZ5�9<CFHe36JKC_a:?�G8HI5�JKJQk�tH<;\GqB:9e¸U� Æ)Ç]¹ y { nqnp}8~2ET58L\EQ3DL]5�9<CTN�9<B6C$CFoq5�f 1 9KHI587DJKf6;>HI5�9<; 1 7Y=@H 1 VÃH<CQG836L]5�H<L>?da63[H<7:9bf�5�JR9<3DH<CL]5876N_;]7Y5`LM5.H<GqC { } r ?:CQ5�H r·1 L]N_HI58;\7D= 1 H<CQJR9 EQL\CT5.H<;\76G,;\7�¶$CQ7:9KHI58L4�eVm58� 1 76;]5 é �|HI5��Q;\L é 36JK;\76GeVW;\EFH 18rVWCF9<C 1 H 1 L 1 Gq;\ET58L|9<CQEUBD76;]Æ:36CQJQk 0 BDCWG8H 1 367�NwE 1 opCFHdE 1 76JK;\JR9<CTNt= 1 H��p�q¾ 1 =`G8HI5�JKJ�5�7�Nw= 1 HY½:¾1 =$9KH<CQCYJR9<36VWf6J,5876NwaD36JKB6CFJ,X`B6CFH<CQ58J { »q¾ 1 =|9<B6C�J 1 ;\L XZ58J_a65�H<CqkLËgHI58JKJ�B6CF;]G8B:9�5TopCFHI58G8CTN}��(EFVµ5�7�Nl9<BDC�L\CT5.=g5�H<CT5�;\7�N[CF¿Oy�Öi�g�K~,XZ58J { k }�V�Ç�V"ÈcÇ.kt� 0 HI5�9<CFJYXZCUH<C 1 aD9I58;\7DCTNl= 1 H5�»q� r N65Q?+fcCUH<; 1 N+X`BD;]EIBA;\76EQL\36NDCTN+5�N4HK?+fcCFH<; 1 N 1 =j}��(N65Q?[JYN[3DH<;\76G"X`BD;\EUBAJ 1 ;]L$V 1 ;\JR9<3DH<CJR9KH<CQJKJ 1 EQEQ3[HKH<CTN é 5�L\9<B 1 3DGqB�9<B6;\JgND;]N"7 1 9,H<CQJK3DL\9g;\7wN[?[;\76G 1 = 9<BDCdG�HI58JKJQkj�gopCFHI5�GqCd� 0 HI5�9<CFJN[CQEFH<CT5�JKCTN/=@H 1 Vª»[k ��VWVÉN65Q? È2Ê JKB 1 HK9<L>?^5�=@9<CUHj5YHI5�;\7D=�5�L\LbCQopCQ7:9&9 1 }:k { VWVËN65Q? È2Ê 5�=M9<CFH,}8�N4HK?^ND5Q?DJZX`;>9<B�9<B6C,HI5.9<; 1W1 = � 0`Ì �sÍYN[CQEFH<CT5�JK;]7DG�=@H 1 VÎ�[k �T�:�[k �m;]7�9<B6CjacCFGq;\767D;]7DG�9 1 �4k �Q�4�4k �= 1 H_E 1 7�N[;\9<; 1 76J,X`;>9<Bw;]7DEFH<CT5�JK;]7DG/V 1 ;\JR9<3DH<CdJR9KH<CQJKJQk 0 B6CdJK3DHK=�58EQC�H<CFJK;]JR9I5�76EQCY;\76EFH<CT5�JKCTN�=@H 1 V
{ �8�.� { �8�mVÉJ ÈiÊ JKB 1 HK9<L\?^5�=M9<CFHeHI58;\7D=�58L\Li9 1 }.½p�T�4»q»8�WVÉJ È2Ê 5�9`9<BDC_CQ7�N 1 =b9<BDC�}8�WN4HK?^ND5Q?DJQk�$58E 1 76Gq3D;\JY5�7�N`Êp58JKVW;\7uy { n8�8½:~,VWCQ58JK3DH<CQN�9<BDCYJR9KH<CQ58V�� 1 X�=MH 1 VÏ5��[k nq�/B�5mG8HI5�JKJKLM5�7�NN4HI58;\7�5�GqCea�58JK;\7W;\7JÖi3D� 1 7 é 9<B6CT× B6;\L\;\f6f6;\7DCQJ é 1 opCFH$5jfcCFH<; 1 N 1 =i�,?:CT5�H<JQk 0 BDCe5.oqCFHI58G8C,5�76743�5�Lf[H<CQEQ;\f6;>9I5�9<; 1 7t;\76fD3D9eX&5�J�» { }�n/VWVÉX`;>9<Bw5�E 1 HKH<CQJKf 1 76ND;\76GmH<367 1 � 1 = 1 76L>?w���p�mVWV"k 0 BD;\JX 1 36L]N�;\VWf6L>?j9<B6CsopCFHK?jB6;\GqBY587D7[3658L:� 0 o858L\36C 1 =c}q�8� { VWVÃ5876N�a658JK;\7dL]CQ58�858GqC$ET587�9<B6CFH<CU= 1 H<C7 1 9`acC_CF¿[EQL\3�N[CTNty��sH<36; ÓR7D�QCQCQL é2{ nqn8�p~Uk�|LM5�EU�4;\C�y { np�8nq~|V 1 7D;>9 1 H<CTN�HI5�;]7[=�5�L]LP;\76fD3D9<Jgy·}8�q�q}�VWV�~h5�7�NWJR9KH<CT58V�� 1 X 1 3[9<f63[9<J,y { �8�q�
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VWV�~s=@H 1 Vª5W»p��B�5�BD;\GqB6L]5�7�N^ET5.9<EUBDVWCQ7:9�y�ET5�9<EIB6VWCF749gº é }�½p�8�WVÎ5[k JQk L�k ~/;\7"�_CF74?:5YX`B6;\EIBX&5�J�E 1 oqCFH<CTNza:?�G8HI5�JKJlywÔe¸ Õ'Õ�Î�Ð ¸U� Ï[Ô ÌQÕ\Ö Õc× ¸ Ð � Î�Õ�Ï[Ô é »q»p¾�~ é a�58VYa 1:1 y�½p�q¾�~m5876Nz5lfD;]7DCf6L]587:9I5.9<; 1 7Ay { »q¾�~&=MH 1 V { n8�q��9 1 { nq�8»[ke¼gCjH<CQf 1 HK9<CTN�5�7(5TopCFHI58G8C�5�76743�5�L2� 0Ã1 = { �q��½�VWV1 opCFH&9<B6;\J`fcCFH<; 1 N^E 1 VWf�5.H<CTN�9 1 5�7"� Í 1 = { � { »WVWV"k

��7d9<B6CZXZ5�H<V r 9<CQVWfcCFHI5.9<CZ5876N�L\CQJKJsB[3DVW;]N�CF7[o4;>H 1 7DVWCQ7:9 1 = è 1 3[9<B��e=MH<;\ET5 é Å|587DÖi;\L\Lh¸U� Ö8Õ ¹y { n8�q�p~2H<CQf 1 HK9<CTN 1 7W5gf658;>H<CTN�ET5.9<EUBDVWCQ7:9hJR9<3�N4?�X`B6CFH<C`N[CQEFH<CT5�JKCQJ|;\7YJR9KH<CT58V�� 1 X 1 =P»q�8�.�4»8�q�VWVØ?pCT5�H ÈiÊ XZCFH<C 1 a6JKCFH<oqCTN 1 7"5d9 1 9I58LPHI58;\7D=�58L\L 1 = {8{ �q�T� { }8�q�mVWVË5.=@9<CFH&9<BDCjE 1 7[oqCFH<JK; 1 7 1 =y�f�5�JR9<3DH<C.~ G8HI58JKJKL]5�7�NDJ 1 7/JKB658L\L 1 X�J 1 ;\L\JZ9 1�Ù8Ï Ì<ÖqÕ ÚUÛ6� Ï^Ð`Ä8Ü Ö Õ�×�Î�Ð k 0 B6CeCF�PCQEF9 1 =b5.� 1 H<CQJR9I5.9<; 1 71 7AJR9KH<CT5�V�� 1 XacCQET58VWC�5�f6f�5.H<CQ7:9�;\7+9<BDCm9<BD;>HINl?:CT5�H�5�=M9<CFH�fDL]587:9<;\76G é 5�7�Nl9<BDC/N[CQEQL\;\76C�;\7JR9KH<CT58V�� 1 XH<CT5�EUBDCTN�5�Vm5�¿[;\V�36VÝ;]7A9<BDCm�D=@9<B+?:CQ5�H�5�=@9<CUHWf6L]587:9<;\76Gw5�7�NlH<CQVm5�;]7DCTNl=�5�;>H<L\?E 1 7DJR9I587:9e9<B6CFH<CT5.=@9<CFHTk 0 BDC�N4HK?^JKCT5�J 1 7(X`;\749<CUH,� 1 X`JeXZCFH<C�H<CTND3DEQCTN^a:?^J 1 VWC { �8�.� { »q��VWV5876NjJ 1 ;\L4V 1 ;\JR9<3DH<CsJR9 1 HI5�GqC$XZ58Jb7 1 9bJK3[�WEQ;\CQ7:929 1 VWCQCF9iCQo858f 1 HI5�9<;\opC|NDCQVm5�7�NDJx;\7d9<BD;\J2fcCFH<; 1 Nxk0 B6CQJKCgH<CTND3DEF9<; 1 76J$;]7�X&5.9<CFH&?[;]CFLMNWXZCUH<C_E 1 VWf65�HI58aDL\Cg9 1 9<B 1 JKC 1 a6JKCFH<oqCTN/5.=@9<CFHe5.� 1 H<CQJR9I5.9<; 1 7X`;>9<BtfD;]7DCYJKfcCFEQ;\CQJ_CQL\JKCFX`B6CUH<C�;\7 è 1 3D9<Bw�`=@H<;\ET5ty�Å|587���; Ó�� é { np�q�8~UkY� 1 JKEIBSy { nq�q}q~,JKB 1 X$CTN9<B�5.9e� 0 =@H 1 VË= 1 H<VWCUHgG�HI58JKJKL]5876NDJ,5�H<CT5�J,5.� 1 H<CQJR9<CTN�X`;\9<B�fD;\76CQJ&;\7 è 1 3D9<B^�e=MH<;]EQ5�;]7DEFH<CT5�JKCTNX`;>9<Bt5�GqC 1 =$9<BDCd= 1 H<CQJR9 é X`;>9<BwVm5�¿[;\V�36VÉ;\7DEFH<CT58JKCFJ 1 =$»q�q�T�:½p�8�^VWVÉ?:CT5.HTÈ2Êj5�9�5�GqC { �T�4}q�?:CT5.H<JQk 0 B6C|CF�PCQEF9 1 =�5�� 1 H<CFJR9I5�9<; 1 7dX&58JhL]5.H<GqCQJR9 1 7dL 1 XA� 1 X`Jh5�7�NjH<CTN[36EF9<; 1 7DJ 1 =�5�H 1 367�Nd���p¾XZCFH<C 1 a6JKCUH<opCTN(;]7tET5�9<EIB6VWCF749<Jgf6L]587:9<CTN(9 1 Ô Î�Õ�Ï^ÐYÜ Ö ×�Î Ö8�·Ö"y��Z5�76�4J_5876Nt�jH 1 VWB 1 3[9 éh{ n8�q»p~5876NLÔ Î�Õ'ÏXÐ Û[Ö8� Ï Õ\Ö&JK;>¿Y9 1 CQ;\GqB:9 ?:CT5�H<Js5.=@9<CFHsf6L]5�749<;\7DG�y�� 1 JKEIB é6{ np��np~Uk ��7�5,f658;>H<CTN�ET5.9<EUBDVWCQ7:9JR9<3�N4?/;\74o 1 L]o4;\76GWJKVm5�L\L|yRÁ`½q��B�5p~WÞiß6¸ Ô ¸ × Ö�� Ü@Î Ö Õc×�Ü Ö�G8HI58JKJKL]5�7�N�ET5�9<EIB6VWCF749<JZX`;>9<B�JKB658L\L 1 XJ 1 ;\L\J&X`B6;\EUBmXZCUH<Cjf6L]587:9<CTNW9 1 Ô Î�Õ�Ï^Ð Û[Ö8� Ï Õ\Ö é Ô ÎaÕ'ÏXÐ,Ü Ö ×�Î Ö8�·Ö_5�7�N Ù/Ï Ì<ÖqÕ ÚIÛ�� ÏXÐeÄ8Ü Ö Õc×�Î�Ð è VW;\9<B5876N è E 1 9K9(y { nqnp}8~ 1 a6JKCUH<opCTNuH<CQND36EU9<; 1 76J 1 =_½p�(9 1 �q�q¾à;\7zL 1 Xª� 1 X`Jm5�=@9<CUH^5.� 1 H<CQJR9I5.9<; 1 7X`;>9<B+f6;\76CFJ�X`;>9<BD;]7��T�4�^?:CQ5�H<JY5�=@9<CUH�fDLM5�7:9<;]7DGDk^�soqCQ7+B6;\G8B6CFH�H<CTN[36EF9<; 1 7DJ/y�n8�.� { �q�q¾�~�X$CFH<C1 aDJKCFH<opCTN�= 1 H$9<BDC`ET5�9<EIB6VWCQ7:9<Jsf6L]587:9<CTN�9 1 CF36ET5�L\?[f[9<J é ;]76ND;\ET5.9<;]7DG_9<B�5�9s9<B6C`X&5.9<CFHZ3DJKC`;]J$58L\J 1JKfcCQEQ;\CQJeNDCFfcCQ7�N[CQ7:9 é 5.9eL]CQ58JR9gND3[H<;]7DG�9<B6Cg�6H<JR9eCQ;\GqB:9&?:CT5.H<Je5�=@9<CUH,fDLM5�7:9<;]7DGDk
� 1 JKEUBl587�N(¼,CUX`L]CU9K9Wy { n8�p}q~gH<CFo[;\CFX$CTNln�½^ET5.9<EUBDVWCQ7:9,JR9<36ND;\CQJjX 1 H<L]N r X`;]NDC�;\7(9<CFH<VWJ 1 =CF�PCQEF9<J 1 =`5.� 1 H<CQJR9I5.9<; 1 7A5876NtN[CF= 1 H<CQJR9I5�9<; 1 7 1 7wX&5�9<CUH_?D;\CQL]NPk 0 BDCF?(E 1 7DEQL\3�N[CTNw9<B65�9jXZ5�9<CFH?[;]CFLMNmH<CTND3DEF9<; 1 7DJg5.=@9<CFHg5.� 1 H<CQJR9I5.9<; 1 7(;]7DEFH<CT5�JKCTN/X`;>9<B";\76EFH<CQ58JK;\76Gm5�76743�5�LxHI5�;]7[=�5�L]Lx9 1 9I5�L]J é 58JXZCQL\Li58J`X`;>9<B^9<B6CjG�H 1 X&9<B^HI5�9<CQJ�y�5�GqC.~ 1 =b9<BDC,= 1 H<CQJR9Tk
0 B6C 1 7DL\?�5.o858;\L]58aDL\C�JR9<3�N4? 1 7�9<B6CdCF�PCQEU9 1 =|E 1 74opCUHK9<;]7DG/G�HI58JKJKL]5876NDJj9 1 Ô ÎaÕ'ÏXÐ ÌIÖ Ü�Î�Ò Ö:¸KÖ= 1 H<CQJR9&;\7^áb; Ó�;c;]JZ9<BDCeX 1 H<� 1 =2��5�VWVWCFHZ5�7�N:Øg54Ógy { nq�8np~$¼ 1 XZCQopCUH é 9<B6CeJR9<3�N[?�X&58J$a�58JKCQN 1 7;\76EQ;]NDCF749I5�L4VWCT58JK3[H<CQVWCQ7:9<J 1 =�VW;]7D;\V�36V�� 1 X`J Vm5qN[CZ;\7Y9<BDCZÅ$5.HI58EQ;\o85 é 0 CQ;]N65�V�3Y587�NdÅ,;>9 1 G 1ET5�9<EIB6VWCF749<JeacCF9�XZCQCQ7 { nq�qn/5876N { np��n é HI5�9<BDCFHj9<B�5�7(5mH<;\G 1 H 1 3DJ_E 1 VWf65�H<;\J 1 7 1 =$ET5.9<EUBDVWCQ7:9X&5.9<CFH,?[;\CQL]Nxk 0 B6C�= 1 H<CQJR9�E 1 opCFH 1 =s9<B6C 0 CQ;]N65�V�3�ET5.9<EUBDVWCQ7:9dy·�q�4k ½��4V�Ç é CQL\CQo85�9<; 1 7 { �.�4�8�q�VÂ54k JQk L�k ~d;\7DEFH<CT58JKCQNd=@H 1 VÂL\CQJKJ29<B6587 { �q¾�;\7 { nq�8nYy�opCUHK?,? 1 3676G`fD;]7DCQJI~P9 1 �q�q¾�;\7 { nq�8� é X`B6;\EIBE 1 HKH<CFJKf 1 7�N[CTNtX`;>9<BA5"N[CQEFH<CT5�JKCm;]7lVW;]7D;\V�36VÎ� 1 X`Jd;\7l9<B6C 1 HINDCFH 1 =g�8�p¾mk 0 BDCWÅ$5.HI58EQ;\o85ET5�9<EIB6VWCF749�y·}�n[k �m�[V�Ç é CQL\CQo85�9<; 1 7w�8�.�4�8�q�mVÝ54k JQk L�k ~/X&5�JjE 1 VWf6L\CF9<CQL>?/367�N[CFHe= 1 H<CFJR9j;\7 { nq�8ny��.�4�t?:CT5�H 1 LMNOfD;\76CQJI~W5876NO5lH<CTN[36EF9<; 1 7 1 =d�p�8¾âB�5qNSacCQCQ7 1 a6JKCFH<opCQNS= 1 H/9<BDC�VW;]7D;\V�36V� 1 X`J_5.=@9<CFH { np��½[k 0i1 9I58LhHI5�;]7[=�5�L]LsVWCT5�JK3DH<CTN�;\7w9<BDC�58N�ÓK5�EQCQ7:9�L 1 X`LM5�7�N[J�5�9_ã,HI5�J<5/acCF9�XZCQCF7�gf[H<;]L { np���+5876NuãjCFEQCQV�acCUH { nq�8ntXZ58Jm½:�8¾µacCQL 1 Xª5TopCFHI58G8C�5876NSVW;\76;\VY36VÏ� 1 X`JW;\7u9<BDCÅ,;>9 1 G 1 ET5�9<EIB6VWCQ7:9/y�½p�4k n(�4V�Ç é 1 7DL>? { �q¾ä= 1 H<CQJR9WE 1 oqCFHU~dN[CQEFH<CT5�JKCTNu58JYX$CQL\L é f65�HK9<;\EQ36L]5.H<L\?=@H 1 VÎå,EF9 1 acCUH { np�8� 1 7:X&5.HINDJQks¼ 1 X$CQopCFH é 58J&9<BDCgHI5�9<C 1 = NDCFEFH<CT58JKC_;\7/VW;]7D;\V�36Væ� 1 X`J&=MH 1 V9<B6C�Å,;>9 1 G 1 ET5�9<EIB6VWCF749eX&5�J,L\CQJKJjf[H 1 7 1 367DEQCTN^9<B6587"9<B 1 JKC 1 a6JKCFH<oqCTN"= 1 Hg9<B6C�Å|5�HI58EF;]o85m5876N0 CQ;]N65�V�3mET5.9<EUBDVWCQ7:9<J é 9<B6CgacCQL 1 X r 5TopCFHI5�GqCjHI5�;]7[=�5�L]Lx;\7 { np����5876N { np��nYX`;\L]LPB65.oqCj58EFE 1 3D749<CQN= 1 H 1 76L>?/f�5�HK9 1 =h9<B6C,H<CQND36EU9<; 1 7^;\7^9<BDCjVW;\76;\V�3DV� 1 X`J`;\7^9<B6Cg= 1 H<CFJR9<CTN"ET5�9<EIB6VWCF749<JQk
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º 1 7:9<B6L>?dHI58;\7D=�58L\L�9 1 9I5�L\J|= 1 H$9<BDC`N[HK?�JKCQ58J 1 7 1 = { nqn { 5�7�N�L 1 7DG r 9<CFH<VëV 1 7:9<BDL\?Y5TopCFHI5�GqCQJ$5876NJR9I5876N65�HINwNDCFo[;]5.9<; 1 76JWy { nq�q�T� { nqn { ~_= 1 H�À,58a 1 3wJR9I5�9<; 1 7+5�H<C�JKB 1 X`7l;\7 0 58aDL]CW�4k { k+L,5�;\7D=�5�L\L9 1 9I5�L]J_;\7 { n8n { X$CFH<C�acCQL 1 Xæ9<B6CdL 1 7DG r 9<CFH<V�VWCT5�76Je=@H 1 V��gfDH<;\Lh3D749<;\L(!q3D76C�587�N�opCUHK?(EQL 1 JKC9 1 9<B 1 JKC�= 1 H !q3DL>?w587�Nw�g3DGq3DJR9Tk è CQf[9<CQV�acCFH,CF¿[fcCFH<;\CQ76EFCTNwVY36EIB�B6;\GqBDCFHjHI5�;]7[=�5�L]L 9<B�5�7w9<BDCL 1 76G r 9<CFH<V�VWCT5�7 é a63D9h58L\L[HI5�;\7D=�5�L\L 1 EQEQ3[HKH<CTN�;\7Y9<BDCZJKCQE 1 7�N�XZCQCQ� 1 =�9<B6CZV 1 7:9<B/y�áb;\Gq3[H<Ce�4k }q~Uk021 9I5�LxHI5�;\7D=�5�L\LbacCF9�X$CQCQ7"º"5�H<EIB(}8n�5�7�N^å,EF9 1 acCFHe½W5�V 1 3D749<CQNm9 1 ½p}8��VWVX`B6;\EUB/X&58J { �p¾acCQL 1 X�9<BDCjL 1 7DG r 9<CFH<VÎVWCT587m= 1 Hg9<BD;\JefcCUH<; 1 Nty·� { �YVWV�~Uk� JR9<;]Vm5.9<CQJ 1 =2G8HI5�JKJKLM5�7�N^CFoq5�f 1 9KHI587DJKf6;>HI5�9<; 1 7^= 1 H`JKCQL\CQEF9<CTN�fcCFH<; 1 NDJ`ND3[H<;\76GY9<BDCjN4HK?WJKCT5 rJ 1 7�XZCFH<C 1 a[9I58;\76CTN_=@H 1 VÃH<CQfcCQ5�9<CTN�VWCT58JK3[H<CQVWCQ7:9<J 1 =�J 1 ;\L[V 1 ;\JR9<3DH<CsfDH 1 �6L\CQJZy�� 0 1pª_~Uk 0 B[H<CQCJ 1 ;\LPV 1 ;\JR9<3DH<CgfDH 1 ��L\CQJ é 58J&VWCT5�JK3DH<CTN�X`;>9<Bm9<B6C,EQ58f�5�EQ;>9I587DEQCjfDH 1 acC,;\7/58EQEQCFJKJ`9<3DacCQJ«� { 5876N
�_} 1 73!q3DL>?�� é �g3DGq36JR9 { }�5�7�N��e36G836JR9 { n é 5�H<C`JKB 1 X`7W;\7máb;\Gq3DH<Cg�:k { k è ;\VW;\L]5�H|fDH 1 �6L\CQJsX$CFH<C1 aDJKCFH<opCTN_9<BDH 1 36GqB 1 3[9h9<B6CZJR9<36N[?:k 0 B6Cc!q3DL\?Y�efDH 1 �6L\CZX&58J VWCT5�JK3DH<CTN_9�X 1 N65Q?[Jh5.=@9<CFH$5eHI5�;]7:?fcCFH<; 1 N"ND3[H<;\76GYX`BD;\EUB"�q}4k »�VWV 1 =bHI58;\7[=�58L\L2XZ58J&H<CQE 1 HINDCTNPk 0 B6C_J 1 ;\LiV 1 ;\JR9<3DH<C,9<CF76JK; 1 7�5.9e5NDCQf[9<B 1 =i}8�jEQV�XZ58Js�8½_EFVæ¼ Ç å�y�f�á(' { k �p~Uk|å,76L>?dL\;>9K9<L]CZHI5�;\7D=�5�L\Lby�»[k ½_VWV 1 7@!q36L>?�}q�8~hXZ58JH<CQE 1 HINDCTNw367:9<;\L|�e36G836JR9 { �/587�N(9<B6CWJ 1 ;]L|N[H<;\CTN 1 3D9d5�EQE 1 HIND;\76G8L\?l58J�JKB 1 X`7la4?(9<BDC�fDH 1 ��L\CVWCT58JK3[H<CTN 1 7��g36G836JR9 { }:k 0 B6CW9<CQ76JK; 1 7u;\7+9<BDCm9 1 f6J 1 ;]L$;]7DEFH<CT5�JKCTN+9 1 oq5�L]3DCQJY58a 1 opC { �8�q�EQV�¼ Ç åÝy�f�á('Ë»p~_5.=@9<CFH+!q3DL\?+}8n4k/�g7 1 9<B6CFHY��n[k n�VWV 1 =&HI58;\7D=�58L\L|XZ58J�H<CQE 1 HIN[CTNlacCF9�XZCQCF7�g3DGq36JR9 { �j5876N { n,H<CQJK3DL>9<;]7DG_;\7�;\76EFH<CT5�JKCTN@�jL\CQopCQL\Js58Js;\L\L]3DJR9KHI5�9<CTN�a:?d9<B6C`�e36Gq3DJR9 { njf[H 1 ��L\Cqk0 B6CWE 1 HKH<CQJKf 1 76ND;\76G"9<CF76JK; 1 7A5.9�9<B6;\JdN65�9<C�XZ58J��8�"EQVÏ¼ Ç å�y�f�á(' { k �8~Uk"�·9�;]JdEQL\CT5.HY=MH 1 Váb;\Gq3DH<C&�4k { 9<B�5.9 J 1 ;\LDV 1 ;\JR9<3DH<C$�636EF9<365�9<; 1 7DJh;]7d9<B6C$H 1:1 9s� 1 7DC_y��.�4�q�gEQV�~ é X`B6CFH<C$V 1 ;\JR9<3DH<CZ;\JH<CQV 1 opCTN�a4?/a 1 9<B^CQoq5�f 1 9KHI5�76JKf6;>HI5.9<; 1 7w587�N^N[HI58;\7658GqC é 5�H<CdV�3DEUB�L]5�H<GqCUHj9<B�5�7^9<B 1 JKCdacCFL 1 X9<B6CeH 1:1 9e� 1 7DCjX`B6CFH<C,V 1 ;\JR9<3DH<Cj;\J&H<CQV 1 opCTNma:?�N[HI5�;]7658G8C 1 76L>?:ksáb;\Gq3[H<C��4k }�JKB 1 X`J&9<BDCg9<;\VWCJKCFH<;\CQJ 1 =i9<BDC,5TopCFHI5�GqCgV 1 ;\JR9<3DH<C`E 1 749<CF749|X`;>9<B6;\7�587�NWacCQL 1 Xæy��q�T� {8{ ��EFV�~h9<BDCeH 1:1 9Z� 1 76Cg= 1 H58EQEFCQJKJ_9<36acCQJQ� { 5876N��_}/5�7�N(9<B6C�E 1 HKH<CQJKf 1 7�ND;\7DG�N65�;]L>?(HI58;\7[=�58L\L|58V 1 367:9<JQk 0 BDCW5TopCFHI5�GqCHI587DGqCm;\7��^X&58JY�[k �q�8�Dy�bj�4k �q»q�q~�V3¬�V"È�¬�;\7+9<B6CWH 1:1 9Y� 1 76C�5876NA�[k �q»q�[y�bj�[k �8�p�q~�V3¬�V"È,¬
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acCQL 1 XÃ9<BDC,H 1:1 9g� 1 7DCqk 0 B6CjHI587DGqC�;\7"�YXZ58JeLM5.H<GqCQJR9,;\7^9<B6Cj3Df6fcCFH,}8�YEQV 1 =h9<BDC_J 1 ;\LiX`BDCFH<C9<B6CdL]5�H<GqCFJR9�E 1 7DEQCQ7:9KHI5�9<; 1 7 1 =|H 1:1 9<J 1 EQEF3DHKH<CTNPk è 1 ;\LhV 1 ;]JR9<3[H<C�L\CQopCFL]J,acCQL 1 Xæ9<BDCdH 1:1 9_� 1 76CJKB 1 XZCQN"5�G8HI58ND3�5�LbN[CQEFH<CT5�JKC�=MH 1 VÝº"5Q?^3D749<;\Li�g3DGq36JR9`X`;>9<B 1 7DL>?^JKVm5�L]LP��3DEF9<3�5.9<; 1 76Je;\7^H<C rJKf 1 7DJKC$9 1 HI58;\7[=�58L\L é 5�7�NY;\7DEFH<CT58JKCQN�58Gq58;\7�9 1 X$CF9 JKCT58J 1 7WL\CQopCQL\Js5�=M9<CFHsLM5.H<GqC&JKB 1 X$CFH<J 1 EQEQ3[HKH<CTN;\7(�g36G836JR9,5876N è CQf[9<CQV�acCFHTk 0 B6CdJKL 1 XæEIB�5�76G8CQJ 1 a6JKCFH<opCQN";]7�9<BDCdV 1 ;\JR9<3DH<C�fDH 1 ��L\CQJ,acCFL 1 X9<B6CeH 1:1 9e� 1 7DCjXZCFH<C_E 1 76JK;\JR9<CQ7:9&X`;>9<B^9<BDCjL 1 X�3D76J<5�9<3[HI5�9<CTN�B:?6N4HI583DL];\EjE 1 7�N[36EF9<;\o4;>9�? 1 =b9<B6;\J� 1 7DCWy è CQEU9<; 1 7^½[k »4k »p~Ukè 1 ;\LxV 1 ;\JR9<3DH<CgNDCQfDL]CU9<; 1 7/f[H 1 �6L]CFJ$XZCFH<C,ET58L\EQ3DLM5.9<CTN�=MH 1 VØ9<B6C,EIB�5�76G8C,;\7s�dacCF9�XZCQCF7/E 1 7 rJKCQEQ3[9<;]oqCYVWCT5�JK3DH<CQVWCF749<J&= 1 H_CT5�EUBl}�EQVNDCQf[9<B�;]7:9<CFH<o858L�k 0 B6C�EIB�5�76G8CY;\7���X&58J,E 1 74opCFHK9<CQN9 1 NDCQf[9<B6J 1 =$XZ5�9<CFHWy�VWV�~Za:?�VY36L>9<;\f6L\;\ET5�9<; 1 7�X`;>9<B(9<B6C�L\CQ7DG89<B 1 =$CT58EIB(;\749<CUH<oq5�L&y·}8�mVWV�~5876NWND;\o4;MN[;\76G�a:?�9<B6C`9<;\VWC�y�;]7�ND5T?[JI~hacCF9�X$CQCQ7mVWCT5�JK3DH<CQVWCQ7:9<Jh9 1d1 aD9I5�;\7/5_V 1 ;]JR9<3[H<CgL 1 JKJZ;\7VWV�ND5T?PÈiÊQk 0 B6C&L 1 JKJsXZ58JsE 1 7DJK;MN[CFH<CTN�f 1 JK;>9<;]oqC`X`BDCQ7�V 1 ;\JR9<3DH<CZX&5�JsH<CFV 1 oqCTNY5�7�Nd76CQGq5�9<;\opCX`B6CQ7^V 1 ;\JR9<3DH<CjXZ58Jj58N6N[CTNxkZáb;]G83DH<CY�4k »WJKB 1 X`JeJKCQopCFHI5�LbV 1 ;\JR9<3[H<C_L 1 JKJ,f[H 1 ��L\CQJ`= 1 Hg9<BDCdN[HK?fcCFH<; 1 NtacCF9�XZCQCF7�!q3DL\? { � é JKB 1 HK9<L>?t5�=@9<CUHdHI5�;\7D=�5�L\L 1 EQEQ3[HKH<CTN é 587�Nw�g3DGq3DJR9Y�4k��gJ_;\76ND;\ET5�9<CQNCT5�H<L\;\CFH é 9<BDC 1 76L>?�HI5�;\7D=�5�L\Lhy�»[k ½�VWV�~xX`;>9<B6;\7W9<B6;\J|fcCUH<; 1 N 1 EFEQ3DHKH<CTN 1 73!q36L>?m}8�4k 0 B[H 1 36G8B 1 3D99<B6C�JR9<36N[?(fcCFH<; 1 NlJK;\VW;\L]5�HdfDH 1 ��L\CQJ_XZCUH<C 1 a6JKCUH<opCTNlN[3DH<;\76G^N[HK?(XZCQ5�9<B6CUHTk"º 1 ;\JR9<3DH<CWL 1 JKJKCQJXZCFH<CgEQL 1 JKC,9 1 �QCFH 1 acCF9�X$CQCQ7^�8�Y587�N/�8��EQV 587�N�5��QCFH 1 �63D¿WfDL]5876CeX&5�J&E 1 7DJK;MN[CFH<CTNW9 1 B65TopCNDCQoqCQL 1 fcCTN/5�H 1 3D7�N"5WN[CQfD9<B 1 =s�q��EQV"k|�OB6CQ7DCQopCFH`JK3DEUB�5Y�QCFH 1 ��3[¿�f6L]587DC�XZ58JefDH<CQJKCF749g5�L]LV 1 ;\JR9<3DH<C_9KHI5�76JKf 1 HK9,58a 1 opC�9<B6;\JeL\CQopCQL2XZ58JgE 1 7DJK;MN[CFH<CTN�36f:XZ5�HINDJg58J,5�H<CQJK36L>9 1 =sCQo858f 1 9KHI5�7 rJKf6;>HI5�9<; 1 7ik,ábL]3[¿[CQJ 1 =|V 1 ;\JR9<3DH<C�acCQL 1 X�9<B6;\J,L\CQoqCQL2XZCUH<CYE 1 76JK;]NDCUH<CTN(N 1 X`7:X&5�HIN[Jj5�J_5�H<CQJK36L>91 =gN[HI5�;\7�58G8Cty·¶ 1:1 fcCFH ée{ np��n[�|�+CQL\L\;\76GqJ�587�NA�|CQL\L ée{ n8�q�4k 0 BDCm9 1 9I58L`5�V 1 367:9 1 =eV 1 ;]JR9<3[H<CH<CQV 1 opCTN+a:?ACQo858f 1 9KHI587DJKf6;>HI5�9<; 1 7�y�� 0 1pª ~�XZ58JWET5�L]EF36L]5�9<CTNu58J�9<BDC/JK3DV 1 =g9<BDC^L 1 JKJKCQJ�= 1 HCT58EIBw}�EQVÉ;\7:9<CFH<o858Lb5�a 1 opC_9<B6C_�QCFH 1 �63D¿�f6L]587DCqk`�eJe9<BDC_J 1 ;\LhN[H<;\CTN^9<BDC_L\CQopCQL25�9eX`B6;\EUB"9<BDCVm5�¿[;\V�3DV�L 1 JKJ 1 EQEF3DHKH<CTNWV 1 opCTN�N 1 X`74XZ5�HIN[J|=@H 1 V { ½dEFV 1 7�!836L>? { �_9 1 }8�_EQV 1 7m�e36G836JR9�4k 0 BDC�L 1 JKJg=MH 1 VÉ9<B6C�36fDfcCFH`=�CFXÂEQV 1 =sJ 1 ;]L2acCQET58VWC_7DCQGp5.9<;\opC 1 7X!q3DL\?�}8n�;\7"H<CQJKf 1 76JKC�9 1HI58;\7D=�58L\L 1 7�!q3DL\?t}8�4k 0 BDCdH<CQJK3DL>9<;]7DG/;\7DEFH<CT58JKC�;]7��mET583DJKCTNw5mBD;\GqB6CUH_V 1 ;\JR9<3DH<CdL 1 JKJ�5.9j9<B6;\JNDCQf[9<B^N[3DH<;\76GY9<B6C,= 1 L\L 1 X`;\7DGmX$CQCQ�wy��g3DGq36JR9g�8~Ukãj;\opCFH<G8CQ7:9d�QCFH 1 ��3[¿tfDL]5876CFJ�NDCFopCQL 1 fcCTN 1 7u�8n�ND5Q?DJY5�H 1 3676NA58EQEQCFJKJY9<36acCs� { 5�7�N 1 7n { N65Q?[JW5�H 1 3676NS5�EQEQCQJKJ�9<3DacC��_}:k 0 BDC/H<CQJK3DL>9<;]7DG+5TopCFHI5�GqC�� 0 1pª HI5�9<CQJ�X$CFH<C"�4k �4y�bj�[k }q~
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VWVÏND5Q? ÈiÊ 587�N { k { y�bj�4k »q~YVWVÏND5T? ÈiÊ H<CFJKfcCQEF9<;\opCQL>?:k 0 BDC�5.oqCFHI58G8C/� 0 1pªËHI5�9<CW= 1 HYa 1 9<B9<3DacCQJZ9<B6CFH<CU= 1 H<Cd5�V 1 367:9<CTNW9 1 �4k n[y�bj�[k }q~&VWV�y�7,'_�8np~Uk�·9Z;\J$7 1 9$�[7 1 X`7�9 1 X`B65�9$CF¿49<CQ7:9|9<BDC`H<CFV 1 o858L 1 =iG8HI5�JKJ 1 7 1 76CeJK;MN[C 1 =i9<BDCe58EQEQCFJKJ$9<36acCQJB658J$;\7[��36CF76EQCTN�9<BDCeHI5.9<CQJ 1 =2� 0 1pª�k ¼ 1 X$CQopCFH é 9<B6CgNDCQf[9<B 1 =x9<B6C 1 aDJKCFH<opCTNW�QCFH 1 ��3[¿�fDLM5�76CQJE 1 HKH<CQJKf 1 76NDCTNdXZCQL\L4X`;\9<BY9<B6C$H 1:1 9<;]7DG�NDCQf[9<B 1 =�9<B6CZG�HI58JKJ|5876Nd9<B6C|H 1:1 9|JR?DJR9<CFV�JK3DHKH 1 367�N[;\76G9<BDC�9<36acCQJ_Vm5Q?(7 1 9�B�5TopC�acCQCQ7+5.�PCQEF9<CTN(9 1:1 V�3DEUBxk 0 BDCWB6;\GqBtJKf�5�9<;]5�L$o85�H<;]58aD;]L\;>9�? 1 =Z9<B6CVWCT5�JK3DH<CTN�� 0 1pªOHI5.9<CQJ$;\7�N[;\ET5�9<CTN�9<B65�9 9<B6C`f[H<CQJKCQ7:9<L>? 1 aD9I58;\7DCTN�oq5�L\36CQJsVm5Q?YX$CQL\L�acC&JKCQopCFHI5�L9<CQ7:9<BDJ 1 =hVWV�È J&;\7^CFHKH 1 HTk
�"�¹É ¤ #&òWï$ï$í�òm�+'îô -�*_#&%#Ê2ð ìj!$ì�%/#&%/í�%s©3§
0 BDC�9<CQVWf 1 HI58LsH<CQJ 1 L\3D9<; 1 7 1 =gCFoq5�f 1 HI5�9<; 1 7uCFJR9<;]Vm5.9<CQJ�o4;]5�B:?6N4H 1 L 1 G8;\ET58L&VWCF9<B 1 NDJ�;\J 1 =M9<CQ7L 1 X é HI5�76Gq;\7DG/=@H 1 Vä58a 1 3D9 { N65Q?�X`B6CQ7t;\7w9<BDC�ET58JKC 1 =&J 1 ;]LsV 1 ;\JR9<3[H<C�VWCT5�JK3DH<CQVWCQ7:9<Je9 1 5JKCT5�J 1 7 1 Hg?:CQ5�H`= 1 HjET5.9<EUBDVWCQ7:9&X&5�9<CUH,a658L]587DEQC�JR9<3�ND;\CQJ�y��+5�HIN"5�7�NRL 1 aD;]7DJ 1 7 é2{ n8nq�q~Uk 0 B6C�QCUH 1 ��3D¿Yf6L]5�76C`VWCF9<B 1 NdGp5TopCe� 0 1pª�oq5�L]3DCQJ = 1 H|JKCQL\CQEF9<CQN�N4HK?�fcCUH<; 1 N[J 1 76L>?W5�7�NY9<BDCZ9<CQVWf 18rHI5�L6H<CQJ 1 L\3[9<; 1 7�NDCQfcCQ76NDJh9<B6CUH<CF= 1 H<C 1 7m9<BDCZ9<;\VWCeCFLM5�f6JKCTNWacCF9�XZCQCF7WE 1 7DJKCQEQ3D9<;\opC`J 1 ;]L6V 1 ;\JR9<3DH<CVWCT5�JK3DH<CQVWCF749<J é X`B6;\EIB�X&58J$;]7�9<BDC 1 HINDCUH 1 =i5,X$CQCQ�WN[3DH<;\76Gj9<BDCef[H<CQJKCQ7:9|JR9<3�N[?:k 0 B6C`H<CQJ 1 L\3 r9<; 1 7 1 =DVW;\EFH 1�r VWCF9<C 1 H 1 L 1 Gq;\ET5�L4VWCF9<B 1 N[Ji;\J2VY36EIBjB6;\G8B6CFHb587�N_N[CQfcCQ76NDJxLM5.H<GqCQL>? 1 7�9<BDC J<58VWf6L\C=MH<CTÆ:36CQ7DEF? 1 =i9<B6Cj7DCQEQCQJKJ<5.HK?/VWCU9<C 1 H 1 L 1 Gq;\ET5�L2f�5.HI58VWCF9<CUH<JQk ¼ 1 XZCQoqCFH é VW;]EUH 18r VWCF9<C 1 H 1 L 1 G8;]EQ58LVWCF9<B 1 NDJjB65TopC�9<B6CF;\H 1 X`7w�c5QX`Jd58J_9<B6CQ;>H�3DJKC�;\JdV 1 H<C 1 HYL\CQJKJ_H<CQJR9KH<;\EF9<CQNla:?�9<B6C�3D7�NDCUH<L\? r;\76G�9<BDC 1 HK?/X`B6;\EIB(58f6fDL\;]CFJg= 1 H[Ë8;MN[CT58Lb9<CUHKHI58;\7/Ë 1 7DL>?+yI¸ ¹ Ä:¹ ��5�9 é B 1 V 1 G8CQ76C 1 36J`9<CFHKHI5�;]7�X`;>9<B5(L]5�H<GqC"=@CF9<EIBi� 0 B 1 V ég{ np�8�q~UkS��7S5qN6N[;>9<; 1 7 é ;\9�;]JmN[;>�WEQ36L>9�9 1 NDCUH<;]oqC^JK3DHK=�58EQC"NDCQfcCQ76NDCQ7:9f65�HI58VWCU9<CFH<Js58J|H 1 36G8B676CFJKJ|L\CQ7DG89<B é ND;\JKf6L]5�EQCQVWCQ7:9sL\CQ76G�9<B é 5�CFH 1 N[?[7�5�VW;\E`H<CFJK;]JR9I5�76EQCe5�7�N�JK3DH r=�58EQC&H<CQJK;\JR9I587DEQC&X`;>9<B 1 3[9s587�CFLM5�a 1 HI5.9<CeVW;\EFH 1�r VWCF9<C 1 H 1 L 1 Gq;\ET5�L6JKCF9 r 3Df^y è B43[9K9<L]CUX 1 HK9<B éD{ nq�8�p~Uk�eJeJK3DEUB^5�JKCF9 r 36f�X&58Je7 1 9`=�CT5�JK;]aDL\Cd= 1 He9<B6C_G8HI5�JKJKL]587�N"JR9<36N[? é JKCQopCUHI58Lb5�JKJK36VWf[9<; 1 76J`B�58N/9 1acCdVm5qN[CdX`;>9<B(H<CQJKfcCQEF9j9 1 JK3DHK=�58EQC�EUB65�HI58EU9<CFH<;\JR9<;]EFJj9 1 ET5�L\EQ36L]5�9<C�N658;\L>?(CQo858f 1 9KHI5876JKfD;>HI5�9<; 1 7HI5.9<CQJ&X`;\9<B/9<B6C_÷bCQ7DVm587 r º 1 7:9<CQ;>9<B^V 1 NDCFL�k
Ì[Í�ÎQÍfÏ Ð¿Ñ«Ò Ó¹ÑGÔ�Ó¹Õ<Ö×ÑOÖ+ÒÙØ�Õ<ÓfÚ�ÛÝÜ(Ñ�Ô»Þ"ÚfßNàNÜ]á
ã_5�;\L\?,JKB 1 HK9 r XZ5TopChHI5qND;]5.9<; 1 7d9 1 9I58L\Jb5.9i9<BDC|å,L]C 1 L\CQGp5`ET5.9<EUBDVWCQ7:9iJK;>9<C|5TopCFHI58G8CTN�}8�4k { ��y�b,½Dk }8�q~º�!mV ÈPÇ N65Q? È2Ê ;\7(á6CQa[H<3�5�HK?"5876N { �[k �8�(y�b,½Dk n8�p~,º�!�V ÈPÇ N65Q? È2Ê ;\7wº"5�H<EIB é X`;>9<B(E 1 HKH<C rJKf 1 7�ND;\7DG/H<CF�6CQEF9<CTN(HI5qND;]5.9<; 1 7l9 1 9I5�L\J 1 =`»[k � { y�bj�[k ��½p~dº�!"V"ÈcÇ�N65Q?PÈ2Ê_587�Nt»[k ½:�wy�bj�[k np}8~º�!�V"ÈPÇ&N65Q?PÈ2ÊFk 0 B6CeVWCT587mN[;]3[H<7�5�L6o85�H<;]5�9<; 1 7DJZ;\7W;\76E 1 VW;]7DGd587�N�H<CU��CQEF9<CQNmJKB 1 HK9 r X&5TopC&HI5 rN[;M5.9<; 1 7m;\7�º"5�H<EIB/5.H<CgJKB 1 X`7�;\7máb;\Gq3[H<Cj�:k ½Dk è ;\VW;\L]5�H|f�5�9K9<CUH<76J XZCFH<C 1 a6JKCUH<opCTN�;\7má6CQa[H<3�5�HK?:k

ãj58;\L>?�5.oqCFHI58G8C,o858L\36CQJ 1 =iXZCF9$JKCT58J 1 7"58L\acCTN 1 X$CFH<Cj�4k { �q��y�bj�[k �q�8�p~Z5�7�Nm�[k { �q��y�bj�4k �8�p�8~= 1 H|á6CQa[H<3�5�HK?d5�7�N�º"5�H<EIB é H<CFJKfcCQEF9<;\opCQL>?:k 0 BDCQJKC&oq5�L\36CQJ 5.H<C&JK;]VW;\L]5�H 9 1 H<CF��CQEU9<; 1 7�E 1 CF��EQ;\CQ7:9<JN[CFH<;\opCTNY= 1 H&�eVm58� 1 76;]587�f�58JR9<3[H<C�y��[k { �8»[�D�Z58JR9I5�a6L\C�¸U� ÖqÕ ¹ éD{ nqn8»p~$5�7�N�o85�H<; 1 36J �+CQJR9$�e=MH<;]EQ587J<5To858767658Jdy��[k { �Q�4�4k }8}4ö,å,Gq3D7:9 1 ?[;\74a 1 éi{ np���[�i�[k { �T�4�4k }8�[ö,º 1 749`âCF74?^5876NX� 1 JKJKC éh{ np���p~Uk 0 B6CN[;]3[H<7�5�L:oq5.H<;M5.9<; 1 7�;\7Y58L\acCTN 1 XZ58JhET5�L]EF36L]5�9<CTNd=@H 1 V { � r VW;\743D9<C|N65Q?49<;\VWC$5TopCUHI58GqCFJ&y�0 1 2Jã { �q���V ÈPÇ é 7�'Â}q�8»8�p~ 1 =(0 1 2�5876N�0 1O; 5876N�;\J&JKB 1 X`7/;\7^áb;\Gq3[H<C��4k �:k 0 BDCg9KH<CQJKB 1 L]N/o858L\36C 1 ={ �q�W� V"ÈcÇjE 1 ;\76EF;MN[CTN"X`;>9<Bt5�7w5.oqCFHI58G8CYJ 1 LM5.Hd58L>9<;>9<3�N[C 1 = { �_^ é X`B6CUH<CT58JjCFL]CFoq5.9<; 1 7 1 = 9<B6CJK3D7(5�9j7 1:1 7�HI587DGqCTN"=MH 1 Vnq�_^ 1 7X!p5874365�HK?(»8�W9 1 �q�8^ 1 7t�efDH<;\Lb½[k 0 BDC�5�L\acCTN 1 5TopCFHI58G8CTN�4k { � { y�bj�[k �q�8�p~YacCF9�XZCQCF7+n"5�VÏ5876N+�/fDVÏ5876NtB�58Nl5^7 1:1 7tVW;]7D;\V�36V 1 =e�4k { �q�4y�bj�[k �q�8�p~Uk�s5�H<L>?AV 1 H<76;\76G�o858L\36CFJ 1 =g9<BDC/5�L\acCTN 1 XZCUH<C/opCUHK?+L 1 X é X`;>9<Bu5�VW;\76;\V�3DV 1 =,�[k { »[y�bj�[k �p�8~y�7,'ª½p»q~�5�9��:ö { �wB é 5�7�N�;\76EFH<CT5�JKCTNu9 1 5(Vm5�¿[;\V�36V 1 =_�[k }��Dy�bj�[k �8�p~"y�7�'ª�p�q~�5.9m�[ö »8�tBy�áb;\Gq3[H<CW�:k �8~Uk 0 B6C�N[;\3DH<7�5�Lhf�5.9K9<CFH<7(JKB 1 XZCTNw5W9�?[f6;\ET5�L ND;\JKBtJKB658fcCd=@H 1 V��[ö »q��B 1 7:X&5�HIN[JQk
è ;]VW;\L]5�H`CQ5�H<L>?^V 1 H<76;\76Gdo85�H<;]5�9<; 1 7DJeX$CFH<C 1 a6JKCFH<opCQN/a:?^å,Gq367:9 1 ?[;\7[a 1 y { nq�8�q~Z= 1 HeG8HI5�JKJKL]587�N[J
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®�¯±°J²�³fy t�z �{Vì+�p�`�f�$������}7~���}����J�7�7� �\���lí#îlïEð y�³�ñf²�ñ }`~aí+ò%�$}`���`���_�����±�7~&�_�V�\~¾�����
�p��� ¶����f�7�h�#Ä�}`~5�R�7~&�"�\~¸�\���B���������X�µ�f}�¶5���$��¡�ó&�����f�p�`����������}7~Å���\~5�R���7�±�����±�7�h��� �$}`�3�����
ô }7�f}`���`~��&¶&�\~5�A�$}7�f�$���A���#�f��}`½«~R�$}`�s��}`�Q¶��7������}`~5¡

;\7wÀ,;\GqCFH<;]5 é X`B 1 JK3DGqGqCFJR9<CTNw9<B65�9�N[CFXëNDCFf 1 JK;>9<; 1 7 1 7w9<BDCYL\CT5.=ZJK3[HK=�58EFCQJ�VW;]G8B:9,H<CTN[36EQC�9<B6CH<CF�6CQEF9<;\o4;>9�?da:?d9KHI5�f6fD;]7DG,HI5qN[;]5�9<; 1 7xk 0 B6C&G8HI5�JKJKL]587�N[J$;\7�À,58a 1 3dXZCFH<C 1 =@9<CQ7�X$CF9s;\7�9<B6C&CT5.H<L>?V 1 H<76;\76GdND3DCg9 1 9<B6CgNDCQf 1 JK;>9<; 1 7 1 =hNDCUX�5876Nm9<BDCeH<CQL]5.9<;]oqCQL>?/L]5.H<GqCjJR9I5�7�N65.HIN/N[CQo4;]5�9<; 1 7DJ 1 a rJKCFH<oqCTNYacCF9�XZCQCF7W�[ö { �jB�587�N��[ö ½:�,BYE 1 3DLMNd9<B6CFH<CF= 1 H<C`acC&CF¿[f6L]5�;]7DCTN�a:?�9<B6CZEIB�5�76G8CQJhH<CQJK36L>9<;\76G=MH 1 VË9<B6Cj9KHI5�76JK;>9<; 1 7^=MH 1 Vª5YX$CF9eJK3DHK=�5�EQCj9 1 5�N4HK?�G8HI58JKJeJK3DHK=�58EQC8k�e7ACQVWf6;>H<;\ET5�L|H<CQL]5�9<; 1 7�y��sÆ:3�5.9<; 1 7u�4k { ~_X&5�J�CQJR9I5�a6L\;\JKB6CTNAacCF9�XZCQCQ7�ND5Q?[9<;\VWC@0 j VWCT5 rJK3[H<CQVWCQ7:9<J2Vm58NDC|58a 1 opC$G�HI58JKJ 5�7�N�E 1 HKH<CQJKf 1 7�N[;]7DG[0A1O2gVWCT5�JK3DH<CQVWCF749<Jx76CQ5�Hh9<B6Cs� 1 H 1 Vm587D;= 1 H<CQJR9df6L 1 9Y3DJK;\76G"L\;\76CT5.H�H<CQG8H<CQJKJK; 1 7�587�5�L>?DJK;\JQk 0 B6CmND5�9I5^JKCU9�E 1 7DJK;]JR9<CQN 1 =e}��^B�5�L\= r B 1 3[H<L>?HI58ND;]5�9<; 1 7O5.oqCFHI58G8CQJmE 1 L\L\CQEF9<CTNO3D7�N[CFHWEQL\CT5.H/JK�:?uE 1 7�ND;>9<; 1 7DJWX`;\9<B¸0�1"2tHI5�76G8;]7DGl=@H 1 V³�q�� V"ÈcÇe9 1 ���q�Y� V"ÈPÇ�k 0 BDC_E 1 HKH<CQJKf 1 7�N[;]7DG@0 j oq5�L\36CQJZHI5�76GqCQN�=@H 1 V r { nY� V"ÈcÇe9 1 ½p��½� V ÈcÇ k
0 j '*õg�8�`ö �[y�b_}8�`ö }q~&÷��ö ���Dy�bj�ö �8»p~p0�1c2

7�'æ}�� é H Ç '��`ö nq� y·�4k { ~
0 BDC$H<CQG�H<CQJKJK; 1 7�L\;\76C|;]JhJKB 1 X`7�;\7�áb;\G83DH<C`�:k �`9 1 G8CF9<B6CFHhX`;>9<Bd9<B 1 JKC|f63Da6L\;\JKB6CTN_= 1 H 1 9<B6CUHh9KH 1 f r;\ET5�L2G8HI5�JKJKL]587�N[J,;\7"��o 1 HK?/E 1 5�JR9�y·º 1 7:9âCQ7:?�>¾� 1 JKJKC éh{ nq�8�p~ é ¶$CQ7:9KHI58Lb�eVm58� 1 76;]5^y��Z5�JR9I58aDL]C¸U�gÖqÕ k éh{ n8nq»q~j587�N�9<CQVWfcCFHI5.9<C�JK;\9<CFJ_;]7t¶Z5�7�5qND5ty\Le;\f6L\CF?X>ÃLgCTN[Vm587 éb{ nq�8�p~j5�7�N è 1 3D9<BDCFH<7áDHI5�76EQCmy�÷bCFH<JQkPE 1 VWV"kDÀYk !DkP�$;\7D�6~ é NDCQJKfD;\9<C_9<BDC�=�58EF9,9<B�5�9 1 aDJKCFH<o85�9<; 1 7DJj5�9g9<B6C 1 9<BDCFHgJK;\9<CFJfcCFHK9I5�;\76CTN/9 1 V�36EIB�JKB 1 HK9<CUH,G�HI58JKJ é 5�7�N"5�L>9<B 1 3DGqB^9<BDC_fDH<CQJKCF749<L>? 1 a[9I58;\76CTN�H<CQG8H<CQJKJK; 1 7�E 1 7 rJR9I5�749<J�XZCUH<C/ET5�L\EQ36L]5�9<CQNA=MH 1 V H<CQL]5�9<;\opCQL>?l=@CFXÉEQL\CT5.H�JK�:?tVWCT58JK3[H<CQVWCQ7:9<J 1 =A0 j 5�7�NV0�1#2 é9<BDCF?W=�5�L]LxX`;>9<B6;\7/9<BDC,HI587DGqC 1 =29<B 1 JKC_fD36aDL];\JKBDCTNm= 1 H`9<B6C 1 9<B6CUH`G8HI58JKJKL]5�7�N"JK;>9<CQJe5qNDND;\76GYE 1 7 r��NDCQ7DEQC_9 1 9<BDC�H<CFJK36L>9<JQk��sÆ4365�9<; 1 7t�:k { X&5�J,9<B6CUH<CF= 1 H<C�36JKCQN�9 1 ET5�L]EF36L]5�9<CB0 j = 1 H_G8HI5�JKJKLM5�7�N5.9_Àj5�a 1 3wND3[H<;]7DGW9<B6CYN[HK?�JKCT5�J 1 7 1 = { nqn { =MH 1 VÝB658L>= r B 1 3DH<L>?w5TopCFHI5�GqCQJ 1 =«0A1�2�VWCT58JK3[H<CTN5�a 1 oqC&� 1 H 1 Vm5�76;4= 1 H<CQJR9Tk 0 B6C&H<CQG�H<CQJKJK; 1 7WL\;\76C&= 1 HZ5j7DCT5�H<a:?dVm5�9<3[H<CZf6;\76CZ= 1 H<CQJR9gy�� 1 H 1 Vm587D;= 1 H<CQJR9 é@è CQEF9<; 1 7m�:k �4k }q~ ;]JsJKB 1 X`7W;\7Wáb;\Gq3[H<Cg�4k �,9 1 ;\L]L\3DJR9KHI5�9<C&9<B6C`N[;\�PCUH<CQ76EQC&acCU9�XZCFCQ7�9<B6CZ9�X 1opCFGqCF9I5.9<; 1 7^9�?[fcCQJQkãj58;\L>?w9 1 9I58L\J 1 =Z9<BDC�BDCT5�9_�63D¿(;\7:9 1 9<BDC�J 1 ;\Ley�U_~,58V 1 367:9<CTN�9 1 �[k �q}[y�bj�[k { �p~dº�!"V"ÈPÇND5T?PÈiÊ$5�7�N r �4k �8�_bj�4k { ��º�!_V"ÈPÇ&ND5T?PÈiÊ|;\7WáDCQaDH<365�HK?W5�7�NWº"5.H<EUB éc{ n8n {eé H<CFJKfcCQEF9<;\opCQL>? é X`;>9<B
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ø�v`w�x�y t�z>è�{[ì �`~/�/���s�7~&���7�7�$�f���J�$��� ���p�`~5�J�7�f�l��������`�µ��}`~a���$� ½<���$~%�$�����Ç�����p�Z}¹�3�R�\~��\�
�R���ù�7~&�#�"��êJ�\�����H�p���Q¶����f�7� ���f�#��ú�´T�s�`~5�#�f���±�`�µ�\�7�����������`�\�µ����ûA�B�"���_�����f���3���}`�_�
�����«�����}7�@�`���_�����±�7~&�<¶5�±}`�G�7�����\~,�#�\���N�7���+�����7��}7~�}��[�`�J�J���p~����A������~T����������}¹���J�7�_�p�¡

nRHmaxRHminRHnTmaxTminT

12461-10042-9061-9812720.9-32.911.7-24.919.0-25.9Range
12498 (6)59 (9)83 (6)12728.2 (1.9)17.9 (3.0)22.5 (1.6)Average

ü�ý@þ�ÿ/þ�ý��Jý��8ü������
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���$���_�,�µ�X�\~»��������f�_���Z��}7�7���Z�7~&������}7�$�Z�"���_�����f���Å}`~»~&�������±���Z}¹���M~5���7����������}7�±�`�p���
¶&�\~5��� �f����¡Åó5���+¶Q¨ �f�h¶5�f�$���$~T�����\�����$}`�\�«��}`�����µ���f�R�h��~�����}7~E�7� �\���R�µ�\�"�X}����������"���7�
�����f������~��µ��èX©�º ���@�����3���p�`~5��`�f���J�$�8���7� ��}7~&¡

  July 23  July 10  June 25    June 18Date
  11:30-18:00  10:30-18:00  10:30-18:30    9:30-17:30Time

  2.6  2.0  3.0    2.6pF(20 cm)

SDAvgSDAvgSDAvgSDAvgGrass
552392818733211762141.4-1.8 m
7224233197803121563300.7-1.4 m

443123911501674548158555312460.0-0.7 m

  12:00-17:00  11:00-17:00  11:00-17:00Time
542582923130225Isolated pine tree
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Litter percolateThroughfallRainfall CodePlot

EndStartEndStartEndStart
30-Aug-9122-Dec-8930-Aug-9130-Nov-8930-Sep-9128-Nov-89PU 20-2Tulasewa Forest
01-Oct-9116-Jan-9001-Oct-9108-Jan-9001-Oct-9106-Jan-90PU 09-5Korokula Forest
02-Oct-9124-Dec-8902-Oct-9123-Jul-9002-Oct-9118-Dec-89PU 09-4Koromani Forest
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�{�u�}T�¬{�����{��#����}Qx�~�y�w2�I{Mu�}Tw����Kw0�����G{ � w0y|{���wo��}Qx�u��¸x��Tww2}��I����x��Tw1�Qw�{jy�{�}��'x���wD{�}�}E��{��Kx���x|{M�>����yo�������%�h{M~�x��Tw0y�w0����y�w%���T���I������w0y�x���{M}C{ � w0y|{M��w ó{��#����}Qx�u�}��ox��A��ë�ë����#�É{jx�ò1{��K���A~@x|{Mx�u���}!�«ª�{��T��wo¥E� ©�¢��
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Nabou 1973-1992   Nabou stationKoromani Forest Korokula Forest Tulasewa ForestStation

SDAverage19911990199119901991199019911990Year

135.5250.7305.8250.4184.3346.8231.2257.3354.2254.1Jan
139.7281.2215.9129.0147.0122.5134.8145.7280.4131.1Feb
185.1258.6187.7282.1297.8468.9237.2429.2370.8440.7Mar
136.8156.5112.341.1109.121.1117.823.3177.191.1Apr
93.775.729.44.821.856.322.062.020.311.9May
61.773.227.3155.837.1143.925.3148.334.9140.0June
34.357.858.772.642.152.449.860.866.754.1July
67.577.863.0169.672.7196.855.7202.456.9195.4August
59.078.4156.282.4147.097.2153.3104.2171.9102.0September
69.1108.075.035.749.034.355.3October*
98.9119.452.6213.1252.6218.7437.7November

109.8158.154.687.296.8109.8199.1December*

408.91695.41156.31523.81058.91904.31027.11796.01533.22112.5Total

*: Underlined values excluded from the total.

ª��Tw�y|{�u�}T�¬{������T{Mx|{'�Ty�w2~zw2}Qx�w��³u�}`ª�{M����wI¥�� ©'y�w � w�{���{A�2��w�{jyoxzy�w2}�����u-x��3y�w2~z�Kw2�0x%x��'x���w��u�~@x|{M}��2w���y����æx���w��2��{�~@x ó ��u-x��'y�w0�£{jx�u � w2�-�I���j�±y|{�u�}T�¬{����¸}�w�{jyOx���w��2��{�~@x%�|��Ñ WQÑQ¿%��y���vE����{\~zu-x�wj¢{M}���u�}T�0y�w�{M~zu�}T���-����u����Tw0y\{��#����}Qx�~1�#�My�w�u�}���{�}����|��Ñ WQÑ>ª�����{M~zw0�h{A~zu-x�wj¢���Ð1���Ow � w0y ó y|{�u�}T�¬{����{M��~z��~z�T�j�Ow���{`��{My���w�~z��{Mx�u�{�� � {My�u�{jx�u���} ó {�~'~z������}��Q��x��Tw³�Tu-Ô¸w0y�w2}Qx�{��#����}Qx�~#y�w2�2��y|��w��{jxI¿%��y���vE�T�£{³{�}��¯¿%�My����I{M}�uhy|{�u�}T�¬{�����~@x|{Mx�u���}T~ ó ����u��|����w�y�wC��w2~z~�x���{M}���v��÷{���{MyzxI{M}���K�Mx��!~zu�x���{Mx�w��!�2����~zw�x���x���wI�2��{�~@x��«��u�����y�wC©Q� ©�¢��3ª���wIx�w2�#�K��y|{M� � {jy�u�{Mx�u���}�����y|{�u�}���{����hu�}x��Tw�xzy����Tu��2~ou�~%�M��x�w2}���u����³����w0y�w�y|{�u�}T�¬{����Ou�~%�2��} � w2�0x�u � wA��
�u�w2��� ó ����¨��)¢ ó y�w2~z���-x�u�}���u�}���{My���w~@x|{M}���{jy|�!�Tw � u�{Mx�u���}�~o�¬��y�����}T��¶«x�w0y�� { � w0y|{���w2~2�³ª���u�~�u�~\u������T~@xzy|{Mx�w��`�Q�³x���wI{M}�}E��{M�+x���x|{M��~y�w2�0��y|�Tw2��{MxDò1{��K����~@x|{Mx�u���} ó ����u����Cy|{M}���w��C��y����´È)©M¥'�#�Éu�}`�2��È)¨�x���©M����ÈI�#�Éu�}`�2��È����� u��#u���{My��-� ó ��w0x�~zw�{�~z��}���ò1� � w2���Kw0y@ E���Ty�u��£¢O�#��}Qx����-�Iy|{�u�}T�¬{�����x��Mx|{���~�y|{M}���w2�A��y����Ê�I�#�du�}���Ty�u�������È�ë\x���¥)½MÈ��#�Àu�}FüC{jy���������È)½ ó ����w�y�w�{�~��Eyz�#~zw�{�~z��}A�#��}Ex��T�-��x���x|{M��~�y|{�}���w��#��y����²��#�æu�}�¡1�0x����Kw�y\�2��È�¥#{�}������T����~@x%�2��È�È#x����)²�²��#�du�}9üC{2���2��È��C�«ª�{��T��wo¥E� ©�¢��

�{�u�}���{����Kx���x|{M��~+y�w2�2�My|�Tw��#�Q��x��Tw������ � u����My|{���� ó x���w�~@x|{�}���{jy|�I��{��T��w ó x���w��2�T~@x�����¶	�I{���w��{�����w\{�}��'x���wo{��K� � w�¶·�2{�}����Q��y|{Mu�}T�){M����w\u�}Ax���w%�#w�x�w2��y���������u���{M��x��j�Ow0y���u��m��y�w2~zw2}Qx�¢��2��yzy�w�¶~z�K��}��Tw2� � w0yz����w0�����+ª���w�y�w0�¬�My�wDw0yzy���y�~hu�}'{�}T}E��{���y|{Mu�}T��{M���¸x��Mx|{���~��¬�Myhx���w��¬�My�w2~@x�~@x|{Mx�u���}T~�{My�wx��T�������QxOx����Kw���u-x���u�}C½ ( ��¼�yzy���y�~h��w0y�w��Ty�����{��T�-�I�£{jy���w0yh����yhy|{Mu�}���{M���>�2������w2��x�w��C�T��y�u�}��%x���w��{�~z~�{���w��M�>�0���2����}�w � u�}�{ ó �T��w�x��o��u�~@x��Ty���{M}��2w0~+u�}�x���w���u�}���Æ�w2���T~m��{M��~zw����Q�\x���wh�E�Tyzy�u���{M}�w����y��2wh��u�}���~2�mª���wh������y|{Mu�}T��{M����x���x|{M�Ty�w2�2�My|�Tw���{Mx�òD{M�K����~@x|{jx�u���}#u�}�ò1� � w2���Kw0y��2����²��¬���Tw2}�0���2����}�w � u�}�{���{�~z~zw���¢1�2���#��{My�w���x���x��T��~zw��#w�{M~z�Ty�w��³{Mx%x��Tw�����y�w2~@x\~zu-x�w2~o�I{2����{ � w��Kw2w2}��{M��~zw��#�Q�\x���w�~z��w2�-x�w0y�u�}��o�M�<x��Tw�ò1{��K���#�){��T��w��E��}�w�{jy��Q�����Tu��£��u�}���~+���Q��{Mx�w��#�T�E��u�}�����y����x��TwD�){M����w��� ���Myzxz¶Å���Ty|{jx�u���}�y|{�u�}���{�����u�}Qx�w2}T~zu�x�u�w2~���w0y�w����Tx|{�u�}Tw�����y����d½�¶	�#u�}E��x�wh{��K� � wh��{M}����E�\y|{�u�}�¶�¬{����Ox���x|{M��~�y�w2�2�My|�Tw��!�Q��x���wI�#u��0y���¶	�#w0x�w0��y���������u���{��h~zw�xz¶·�T��~ou�}`x���w'ª��T�£{M~zw0�h{!�@�2����²�¢�{M}��}Tw�{My�x���wo¿%��y����I{�}Tu<�¬�My�w2~@x��@�2���E�j¢��T���Mx�~2��ª���wo� � w0y|{������I{j,�u������du�}Qx�w2}T~zu�x·�3�«�E� �'�#�Éu�}³½�#u�}E�Tx�w2~|¢��h{�~\���T~zw0y � w��3{��K� � wIª��T�£{M~zw0�h{A����y�w2~@x���}`��w2�Ty���{Myz����¥ ó ������² ó �T�Ty�u�}T��{A~zu�}�����w
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6030252015105Time interval (minutes)

43.236.434.631.225.118.59.9Rainfall amount (mm)
43.272.883.093.5100.5110.9118.2Rainfall intensity (mm/h)

{M�£x�w0y�}��Q��}'~z�T����w0y����Tu����I��{�~@x�w�������yh��w2~z~�x���{�}'{M}#������yD�«ª�{M����w�¥�� ë)¢���ª��Tw�����~zw0y � w2�#y|{Mu�}T��{M���u�}Ex�w0}�~zu-x�u�w2~�����y�x�u��#w%�Kw0y�u��E�T~�y|{�}���u�}�����y����´½��#u�}E��x�w2~�x��C�%�����Ty1{My�w%~z�T�j��}�u�}�ª�{�����w\¥�� ëE�¼m,Exzy�w2�#w+y|{�u�}T�¬{�����u�}Qx�w2}�~zu-x�u�w2~m���Kx��Tw2~zw��I{���}Tu-x����Tw�{My�wh�2���#�#��}�u�}#��u ìÅuT��u-x���y�w0x��Ty�}��Kw0y�u��E�T~����©��)w�{My�~%�¬�Myox���wC��²j¶	�#u�}E��x�w#{�}��`©�²j¶	�#u�}E��x�w�u�}Ex�w0}�~zu-x�u�w2~�{M}��3��w2~z~%x���{�}�©'�)w�{My�~%�¬�My�x��Twë�²j¶·�#u�}E�Tx�wO{�}���¥�²j¶	�#u�}E��x�wOu�}Qx�w2}�~zu-x�u�w2~���
�w��T��� ó �2��È��M�j¢��+ª���w��I{j,�u������Óy|{�u�}T�¬{�����u�}Qx�w2}�~zu-x�u�w2~���T~zw0y � w��I{Mx�òD{���uK��u-y��K�Myzx%�@����½E�� �����È�È)¢���w�y�w1�)²o�#� ó ¥E�1�#�À{�}����2¥)©o�#�Î����y����Ty|{Mx�u���}�~�����2² ó ë�²�{M}��A¥�²��#u�}���x�w2~Oy�w2~z�Kw0�0x�u � w2�-�3��
�w��T��� ó ����È��M�j¢��ª���w�{��T~z�����Tx�w'�I{M,�u����T�¾{��#����}Qx�����y|{�u�}T�¬{�����y�w2�2�My|�Tw��!u�}�{�~zu�}�����w�������y����Ty�u�}��Cx��Tw~@x����E���h{M~h¥���� ©\�#�æ{Mx�¿%�My����I{M}�u��¬�My�w2~@xhu�}#x���w�w � w2}Tu�}��\���AüC{My��|�A¥ ó ������² ó ��u-x��A{Dy�w0x���y�}�Kw0y�u��E�'�M�m©D�Qw�{jy�~D��
�w2����� ó ����È����j¢��+ª��Tw1~@x���y��¤�£{M~@x�w��'����y�½Q� ½\�����Ty�~ ó �Ty��E�����2u�}T��{%x���x|{M�>�M�¥�¥E� È��#�æ����y|{Mu�}>�+ª���w%~�{��#w%~@x��My��É�Ty��E�����2w��Jë�¥E� È��#�¤����y|{Mu�}Au�}A¿%��y���vE�T�£{\�¬��y�w0~@x ó ��u-x��{��I{j,Tu������Êu�}Ex�w0}�~zu-xÅ�³���h©�¥E� ÈC�#� �eùeú ó {M}���©�²E� ÈC�#�´u�}3ª��T��{�~zw0��{A�¬��y�w0~@x��Iª���u�~\{���{�u�}u������T~@xzy|{Mx�w2~\x���wI��u����!~z��{Mx�u�{�� � {jy�u£{jx�u���}������2��} � w2�0x�u � w�xzy����Tu���{��Oy|{Mu�}T��{M���«�3ª���u�~�~@x���y�� {���~z��Ty��E�����2w��³x���wI�I{M,�u����T�Ë���T~zw0y � w���©�¶·�T����y�y|{Mu�}���{M���hu�}Qx�w2}T~zu�x·�`�M�1¥�½E� ���#�Ò{Mx�¿%��y����I{M}�u�¬�My�w2~@x��ª���w1}��T���Kw0yO����y|{Mu�}C��{2��~%�«�Tw�Æ�}�w2��{M~�{���{2�I��}'����u��|��y|{�u�}���{����<w0,��2w2w���~�²�� ©��#�'¢m��{�~��u����Tw2~@x\{Mx\ª<����{�~zw0��{A�¬�My�w2~@xo����w0y�w�y|{Mu�}T��{M���+�h{M~%y�w2�2��y|��w�����}��2¥��C�T{���~%u�}��2����²C{�}��¯����½��{2��~+u�}�����������í){�}E��{jyz��  � w2��x�w2���Kw�y�¢ ó {�}������j�Ow2~@x�{jx�¿%��y���vE����{o����y�w2~@xh{Mx1��ë���{�}��'È�ëDy|{�u�}��{2��~���{2��~hu�}�������²#{M}��³�2���E�I��í){�}E��{jyz�#  � w0�Tx�w2���Kw0y�¢ ó y�w2~z�Kw2�0x�u � w0���Q��ª��Tw%}E�����Kw�y�����y|{�u�}��{2��~D{jx%¿%��y����I{�}�u�����y�w2~@xox��Mx|{�����w��¯�0�)È�u�}�������²A{M}��³��¥'u�}��������A��í){�}E��{jyz�Q  � w2�Tx�w2���Kw0y�¢��
1{Mu�}T��{M���>u�}�w0,��2w2~z~h����²�� ©\�#�À�h{M~�y�w2�2��y|��w��A{jx�x���w���{Mxzx�w0y���}�½E� ( ���<x���w1��{2��~h�T��y�u�}T�\x��Tw��w0x�~zw�{�~z��}C{�}��'��}C©�¨ ( ����x��TwD�T{���~O�T�Ty�u�}T�\x��Tw1�Eyz�I~zw�{�~z��}<�+ª���w�}��T���Kw0y+���<y|{�u�}'~@x���y��#~{��#����}Qx�w��¯x�����¨E�³u�}Í������²�{M}��G�2²)¨`u�}Í�����E�±��í�{�}E��{jyz�E  � w2��x�w2���Kw�y�¢I{jx�x��Tw�¿%��y����I{M}�u�¬�My�w2~@xh�����Mx ó ���Tw0y�wD{%y|{�u�}T~@x���y��¤��{�~�~z���#w0����{jx�{My��Tu�xzy|{jy�u�������w0Æ�}Tw��#{�~h{o�Kw0y�u��E�I����y|{Mu�}T��{M���~zw2��{jy|{Mx�w��%��y����Í��x��Tw0y��Kw0y�u��E��~�����y|{�u�}T�¬{����T�Q�o{jx���w�{�~@x�������y���yz�%�T���Ty�~2��ª���wO{ � w0y|{���w�}E�����Kw�y���K~@x��My��#~��Kw0y�y|{�u�}#�T{2��{M�#���T}Ex�w2�ox��\������¥1����ymx���wO�Ow0x�~zw�{�~z��}I{�}��'�����2²1�¬��ymx��Twh��yz�o~zw�{M~z��}>�
î�Vo� z gI]�^`bEgI[M[Gkm^An�Zoehp%Z\q�nh]jX�^
ª���w\{��#����}Qx����my|{�u�}T�¬{����mu�}Ex�w�y��2w2�Tx�w2�C�E�C{��¬��y�w0~@x ó {�}���~z�T��~zw�þQ��w0}Ex��-������~@xD�Q�Aw � {M�K��y|{jx�u���}�Tw2�Kw0}��T~O��}�x��Tw%�Tu�~@xzy�u�����x�u���} ó ~z��yz��{��0w%����{My|{���x�w0y�u�~@x�u��0~1{M}��A{M�#���T}Ex�����u�}Qx�w0y��2w2��x�u�}����I{jx�w0¶y�u�{����|��Ñ WQÑ¸������u�{���wj¢ ó ��}³x���w � w2��w�x|{Mx�u���}�~@xzy����0x���y�wA���Ty|{M}��|��u�}�����{jxzx�w0y�}�~ ó ~@x��Q�|v�u�}T�Q¢ ó ��}³x��Twy|{�u�}T�¬{��������Ty|{jx�u���}�{M}���u�}Qx�w2}T~zu�x·�\{�~���w0����{�~m��}�~zw � w0y|{M�T�#w�x�w2��y���������u���{M� � {My�u�{��T��w0~��0��}Qxzy�������u�}��x���w�w � {M�K��y|{Mx�u���}C�|��Ñ WQÑM}Tw0x�y|{���u�{Mx�u���} ó x�w2�#�Kw0y|{jx��Ty�w ó ��u�}���{M}��\���T�#u��Tu-xÅ��¢���é>w2��}�{My|� ó ����¥)¨�¢��

� }��Tw0y�~zu��#u��£{jy��2��u��I{Mx�u��'�2��}��Tu-x�u���}T~ ó x��TwIu�}T�0y�w�{M~zw�u�}!�¬����u�{jy#��u����I{M~z~���u-x��`�¬�My�w2~@xI{M��w~z���������±y�w2~z���-x�u�}t{�}�u�}��0y�w2{�~zw³u�}�x��Tw�u�}Qx�w0y��0w2�Tx�u���}��M�oy|{�u�}T�¬{���� ó ��}Qx�u����2{�}����Q�»�2����~z��y�w�u�~�2���#�T��w0x�w�� ó {j��x�w0y����Tu����%x���w���y|{M�0x�u���}\����y|{Mu�}T��{M����u�}Qx�w0y��2w0�Tx�w��o�Q�1x���w���{M}����Q�o~z�T�������%�Kw2�2���#w��{Mu�y��-���2��}T~@x|{�}Qx\{�~Dx��Tw�u�}��0y�w2{�~zw#u�}�x��Tw��¬����u�{jy��Tu����I{�~z~%��w � w0��~o�MÔ��#�æ~z������w2}3��w2�0y�w�{M~zw#u�}
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8�Þ-Ü�èU³�ä�81±6870[=��eØF0j4<8�828*áJ;3;>=�Þv8C0SßU8C@C=j99àO=1;E��´Q:)æ�ç�ç���è

                             Interception lossSf            TfP-avgnPPeriod
IstemIdryIsatIwetPred.Obs.Pred.Pred.Obs.
(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)

Tulasewa Forest
0.36.517.33.027.129.02.0126.5124.617.39155.630/11/89 - 05/01/90
2.142.0123.525.6193.2243.314.8899.1849.111.3981107.206/01/90 - 18/07/90
1.220.860.913.296.279.27.2442.2459.210.950545.619/07/90 - 15/11/90
0.62.945.22.851.541.83.8211.1220.714.818266.316/11/90 - 18/12/90
4.017.5230.116.6268.3180.419.61090.61178.613.9991378.619/12/90 - 30/04/91
0.83.825.55.635.630.32.0135.9141.15.830173.401/05/91 - 30/08/91
9.093.5502.566.8671.9604.049.42905.32973.311.93043626.730/11/89 - 30/08/91

Korokula Forest
3.754.2131.730.4220.1230.014.8812.9802.912.9811047.708/01/90 - 16/07/90
1.928.748.020.198.683.15.6318.2333.68.351422.317/07/90 - 19/11/90
0.26.242.44.052.824.63.3189.8218.112.320246.020/11/90 - 24/12/90
1.520.2130.012.1163.882.710.5587.0668.011.566761.225/12/90 - 29/04/91
0.74.922.77.836.227.41.8112.5121.24.335150.430/04/91 - 02/09/91
7.9114.2374.974.5571.4447.836.02020.52143.810.42532627.608/01/90 - 02/09/91

Koromani forest
4.851.6114.526.8197.7n.d.16.3951.1n.d.11.9981165.108/01/90 - 22/07/90
2.224.638.613.278.671.35.5335.7342.99.544419.723/07/90 - 21/11/90
0.55.436.24.046.1n.d.3.6192.9n.d.11.621242.622/11/90 - 24/12/90
3.627.8109.415.1155.9114.19.9608.7650.59.879774.525/12/90 - 29/04/91
0.97.121.87.837.535.81.9131.3132.95.233170.630/04/91 - 02/09/91
6.759.4169.736.1272.0221.217.31075.71126.38.71561364.823/07/90 - 02/09/91*

P= Rainfall, n = Number of storms, P-avg = Average rainfall during n storms, Tf = Throughfall, Sf = Stemflow.
Obs.= Field observations, Pred.= Predicted by the Gash model, n.d.= Not determined.
Iwet, Isat, Idry = Interception loss during wetting up, saturation and drying of canopy respectively (Gash model).
Istem = Interception loss from the drying of the trunks (predicted by the Gash model).
*: Values in italics have not been included in totals and averages.
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Ei = 0.13(0.01) Pg + 0.57(1.08)
r  = 0.91, n=242
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2r  =0.87, n=6

A
Tf = 0.60(0.11) Pg + 0.02(0.15)
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Tf = 0.983 Pg - 0.8
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Sf = 0.017(0.004) Pg - 0.062(0.045)
r  = 0.86, n=62
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A: Tulasewa forest
B: Korokula forest
C: Koromani forest

MC  =2.43*EXP(-0.014t)
r  =0.93, n=18
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B: Korokula forest
C: Koromani forest
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3�, ��. #� ø ¡�¤O�=�!� ©!�N���%�=
3��$3��� ø ���.�s !¢ ø � ø � �����(�  ø  Nù
���%� ø ù[¥ �	 ���,ù úü?ý úþ 
 ø ¤ � �  ø ���  ����îA /�. 1� ø ¡W¤��#�!� �������	�e� � ¢	����� *�ø ¤ úü?ý úþ 
 ø ¤ � �  î������
 � � �.¤ ø �C�������	� ø ù�¥ �% ����ù��s %�  ÿ �'�C���	�º¢!��� &K* " * ¤.�s 	��¢������.�CùJ£'î��%����� ø  ���%� ø ù�¥ �	 ����ù�¢%�  � &
* " * ¤.�D 	��
 ø ¤ � �  î��(��� �=� * ��¤.��î����M��� ø  J���	�I� � ¢%����� *,ø ¤��D 	�  £ ø  Nù ø ¢W¢!��� ø'* �%��ù�¢%��� &�* " * ¤X�D 	�

 ø ¤ � �  80î����������	�I��® * �,¢!���.�s �� ÿ ��� ø �A� ÿ ���%�I?������3A � ¤ ø ÿ �����  ��¢�¤X�'��£s� ø ¡W¤������ �3;(�

�I�����  �b���	� � �Cù%�,¤ ø�* � � ¢ ø ���  �s ?î ø _� ø ù%�'¡�����î����� §�D¡  ����
3��ù ø  Nù�¢!����ù%� * ����ù ø � � �  .� 
� ÿ ¤����������v¢���� * �s¤ ø ��� ÿ ���«ù ø �.¤�"R� ø �X  ÿ ø ¤X¤s���'� ø ¤ ��� ø ¤X¤����<��� ø  �5 [I��� 8�·i��$ � ���N��� ¦3;(�<���	� � �Cù%��¤
 ��� �� ���¼�D
������  ��� � ø �������%� � �3�  � � ��� ·s� ®%�  ���%��� � $3�����	��¤����������h¤ ø ".�(�A¡�� *�ø �% �I���	� ��%� � ÿ
���%�¿¢%���,ù%� * ����ù������ ø ¤  î ø �U 7¹8:� � ¤ ø  �bî ø ÿ �����  �(;M���e5 F 7¹8@?������3A � ¤ ø ÿ �'���  �(;��	��$3�%���I��� ø  
���%� ��%� � ÿ ���	�§�s¡  ����
���ùe���'� ø ¤  ��X���î���
�����£� W� * �'����� * ���.�s   î������ � ø ù%� ø  ���	�§¢%����ù!� * ����ù

 ø ¤ � �  î������e$��, 	�(� ø ¤.¤�"±î������	�. h���	�6� ø  	$��!� ÿ ���%�  � ø  Wù ø �-ù±ù!��
�� ø ���.�s   � ÿ ���	� � � ø �� ����ù

Q�D¤ �	� �  �
¬2����ù!� * ����ù ·	� ®!�  � ÿ � �3�  � � �������%��� � $3�����%��¤����������«¤ ø ".��� ÿ ����
 ø ���.� �	 ¢��(���X�Cù  ù � ���. 	$I���	�

 � � ù!" ø ���N$3��
��, 6�X J� ø ¡�¤����!� W)���3$������	�(�hî��������s¡  �(��
���ù�� ø �.  ÿ ø ¤.¤ ø  Wù,���!��� � $3� ÿ ø ¤.¤ ø � � �  ��  £
ø  Nù!¢%����ù!� * ����ù  ��� �C· �[î ø � � �  .�  �M���	�)�X .����� * �,¢%���.�s :¤.� � ÿ ��� � ���	�?¤��������(��¤ ø "�����î ø  *�ø ¤ &
* � ¤ ø ����ù ÿ ��� � jSk � ø ���.�s L�!� U ø  Nùe� ø  %$3��ù ÿ ��� ��U � P37 � ÿ ���'� ø ¤2� ø �.  ÿ ø ¤.¤<�X L� � ¤ ø  ��î ø ÿ �����  �
��� F�F � [ 7º�. J?��'���3A � ¤ ø ÿ �����  �V�

ü µ } ¹g8�³�Ä ´ ÷'Ä�;'µa| }�~ 8:�!� U ;
] _ �W��îA )�. =� ø ¡W¤��4�!� W��. .����� * ��¢%���.�s §¤.� � �  ÿ ��� � ���%�
¤����������=¤ ø ".���Iî������<���,¤ ø ����
��,¤�"?¤.��îïù � ���. 	$
���%�hî4���  � ø  �s a8F©Df F�[ 7û� ÿ � ø �.  ÿ ø ¤.¤ª; ø  ���%����� � �h¡�����î4���,  * �s   � * � ���O
3��� ø �X  ÿ ø ¤X¤+��
��� ��  î ø 
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È4É�Ê�Èt� ã+��Ë��=Ì�� �' D¡V¢.  "�£�Ë�¦��¤+¥ � ¦-� ¡ £��@¤D�D£�¬@¬<£.¤#"e¥@¨ ¡ ¦�!©�¨��D£�¬@¬�M£.¤#"§	 ¡(  "C��ÏD¥   "#£�Ë�¦��¤b¥ �
¦-� � ¥   Ë�±I¦ � £.¤�"a¬X�@¥�¥  D¡ 	  '¡ Ï�¦.¬t£.¥   �D¦ ¡ « �¬ª£ �' �� £�M®e¦ ¡ ¦3¯��¬t£Q£.¤�"-®J¦ ¡ ¦�Ë�£.¤I���D¦ ¡( [� ¥ � (
Í ¤+¥  D¡ Ï   	_¥��K¦.¤^¬ª¦ ���' [� � ¡ ¦CË�¥:¨   Ï�£.¤i¦�	��#£�¤�"J¬.�@¥v¥  '¡ ¬t£��  '¡ £ ¡( ,  §[	 ¡( [�,�D  "e��¦.¥:¨^£ � "   	_¥:¨ �
¦-� � £.¥  D¡ £�¤�"-£ � £¿	  D¡ Ï   ¤+¥�£'©   ¦��C¥�¦.¥�£.¬ ¡ £C�@¤D�D£�¬@¬ (

                       Interception lossLitterStemflowThroughfallRainfallPeriod
          Litter layer            CanopyPercolate

% Rainfall(mm)% Rainfall(mm)(mm)(mm)(mm)(mm)

Tulasewa Forest
12.819.918.629.0106.72.0124.6155.630/11/89 - 05/01/90
6.774.322.0243.3789.614.8849.11107.206/01/90 - 18/07/90

14.478.314.579.2388.17.2459.2545.619/07/90 - 15/11/90
3.810.015.741.8214.53.8220.7266.316/11/90 - 18/12/90
9.7134.213.1180.41064.019.61178.61378.619/12/90 - 30/04/91

16.128.017.530.3115.12.0141.1173.401/05/91 - 30/08/91
9.5344.716.7604.02678.049.42973.33626.730/11/89 - 30/08/91

Korokula Forest
7.982.622.0230.0735.114.8802.91047.708/01/90 - 16/07/90

14.963.019.783.1276.25.6333.6422.317/07/90 - 19/11/90
15.036.910.024.6184.53.3218.1246.020/11/90 - 24/12/90
10.580.010.982.7598.510.5668.0761.225/12/90 - 29/04/91
16.825.318.227.497.71.8121.2150.430/04/91 - 02/09/91
11.0287.817.0447.81892.036.02143.82627.608/01/90 - 02/09/91

Koromani forest
8.194.517.5203.6867.016.3945.21165.108/01/90 - 22/07/90

12.853.717.071.3294.75.5342.9419.723/07/90 - 21/11/90
9.623.214.134.3185.13.6204.7242.622/11/90 - 24/12/90

12.9100.014.7114.1560.49.9650.5774.525/12/90 - 29/04/91
18.331.321.035.8103.51.9132.9170.630/04/91 - 02/09/91
10.9302.716.6459.12010.737.22276.22772.523/07/90 - 02/09/91

Values predicted by the Gash and litter layer interception models shown in italics
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�����  �W�'���S���?ù!�,¢W¤������B���%�  ���'� ø $���� ÿ � ���  � � ��� * � � ¢�¤������,¤�".�=ôN��"  � ø  �D ,�X .����� * �,¢%���.�s ¤.� � � 
ÿ ��� � ���	�'¤��������(�#¤ ø ".����î4�����o���,¤ ø ����
��,¤�"I�%�O$�� ø  Wù * � � ¢ ø � ø ¡�¤��<���������  �<�X I���%� *,ø  W�D¢."�£�� ø  %$3�. 	$
ÿ ��� �GF ¦Vf F H37 � ÿ ����� ø ¤b� ø �X  ÿ ø ¤X¤@�����	� * � � ¡	�. %��ù6�. .����� * �,¢!���.�s +¤.� � �  ÿ ��� � ���	� *�ø  W�D¢�" ø  Nù
¤����������h¤ ø "������ ø  	$���ù ÿ ��� � 5��37 � ÿ ����� ø ¤+� ø �X  ÿ ø ¤X¤ ÿ ���N� � ¤ ø  ��î ø ÿ �����  �����,5'H�7 ÿ �'�N?��'���3A � ¤ ø
ÿ �����  �V�����	�  îÁ� � ¤Xù/� � ¢W¤�" ø ���'� ø ¤��. ����(� * �,¢%���.�D Î¤.� � � ÿ ©D©s©'fQ©.W�P ��� ÿ �'� ø ".� ø �ºî������
ø 
���� ø $3��� ø �X  ÿ ø ¤X¤48:� ø ¡�¤O����� 53;(�]  B�D
��(��
!����î8� ÿ �  ��� � ø ���  � ÿÁü µ �.  * ¤ � ù%�. 	$  � � �&�s¡%� ø �. 	��ù#�.  * �D 	� ÿ ����� �	 ¢W¤ ø  �� ø ���.�s 
ÿ �����  �  �. ����	��� �	� �XùR�����s¢%� *  � ø  ¡����, º¢!���  �, .����ù¡."º¸S� � � ¥� WÀ�����¤28 FVU H�H�;(� ü µ î ø  ÿ � �  NùC���

 ø ��"¡��(��î����, 6W37 � ÿ � ø �.  ÿ ø ¤.¤ ÿ ��� ø ©'f.�)".� ø �Á�D¤XùJÓÁ¾�Ô	Õ�ÖN×�³�Øb¾@Ù-³Q°�³ ÿ �����  �B�. �¸S� ø À��.¤o8�ó!� � ����¤�� &
îv�������I£ F�U H�H�; ø  Nù,5�¦�7 ÿ ��� ø ÓÁ¾�Ô%Õ!ÖBÚ°(Ø�Û'Õ�Ö�¾0¾�¢W¤ ø  .� ø ���X�D  ÿ �����  ���.  T �  �v¨ ø 
 ø 8�¸S� � � ¥å WÀ����,¤F£
F�U H3H3;b£�î��%����� ø  ø 
 ø ¤ � �!� ÿ F W37 î ø  ÿ � �  Wù ÿ �'� ø   F H & "�� ø � & �s¤Xù�ÓÁ¾�Ô	Õ�Ö#×�³�Ø-¾:Ù�³�°)³ ÿ �����  �
�. ï¨ ø � ø � *�ø 8 � � * � ø �-ù  �s J£ FVU H�53;(�-Ü� ����(� * �,¢%���.�D �¤X� � �  ÿ ��� � ���	�¤����������¼¤ ø ".��� ø ��� �	�� ø ¤.¤�"
 %��$s¤�� * ���,ù��. 6� ø �.  ÿ ø ¤.¤b�. .����� * �,¢!���.�s   � � ù%���  £ ø  Nù¼î���� ø 
��� ����«¡����,  ø ¡W¤��N����pN Wù ø  .",�X  ÿ �'� &
� ø ���X�D  ÿ ��� * � � ¢ ø ���  �s �î����������	�I
 ø ¤ � �  ¢!���  �, .��¤�"��D¡%� ø �X %��ù+�

Ý�ÞVß à^á�âBã�ä<åçæ¸è�é,ê/á�å�âBé,ë^ä4êQì'âBéRå�ìDáJë é�äîíQã�â�ìDè6ã�í ï�âBá6ð
ñ á6ì�òdó á6ì'äoåBô^âBãöõ÷ã)êQòDã�åBìDáJë

ø�ù ��ú � ù �  � � ���Bû%� ù p	ú��  8:ü3;iý4������ù%������� � ��þ%��ù=����$ � ú ø ��ú�"R���!� ù � $3� ù � �<���	�hù!��"  � ø  ù þ ù ÿ FVU�U3[
ø þNù FVU�U!F��% �Oþ%$ ø,*�ø û ø�* ��� ø þ * �Rû%� ù3ÿ �68�×��VZ ] û	û���þNù%����5��.;(�)���%� ø 
���� ø $3�ù!��û%���  ù ÿ ���	�=ü
û!� ù psú�� 2 ø � û	ú���ù�ý������ F � [M���3[ � � � ø þWù [ � H � ��þ=���	��� � ú ø  �(ý ø � ? ù � ù A � ú ø�ø þWù=? ù � ù � ø þ%�
ÿ ù ���  ��û	ú ù � �� ���  û�� * ����
���ú�".� ] ú���� ù � $������%�Nú ø ��$��  � * ù þ * ��þ.��� ø ��� ù þ ù ÿ � ù.ù �  ý ø  ù�ÿ  ����
��,ù���þ
���%� � û%û���� [ � P � ù ÿ ���	�  ù ��ú � � ù.ù �  ý4����� ø ú  ù�ù3ÿ  ����
���ù)û���þ	����� ø ����þ	$N���%� ÿ ��ù!� ù * A ø �
ù%��û!��� ÿ ����ý�����þ [ � H ø þWù F � � � �
	4� *�ø �	 �B���	�Bû%�Oþ%��� ù.ù �Sþ	����ý ù ��A=��������þWù%��ù ÿ ��" ù þNù)���%� � ø �!� �R�%�
ù!��û%��� ù ÿ ���	� ø�*�* � � � � ÿ � �� ø þWùJ���	����� ÿ ù ��� ù ÿ ���	� � ù �  � � ��� � � ø �� ��� � ��þ.� �� ���%������ ù ·s� �
û%ú ø þ	� ø û%û%� ù ø'* �,8�� ù.ù û���� �%F�U W U!\ ×���Z ø � * ��� ù þ=P.� 5�; * ù � úXùIþ ù � ÿ � �	 ��ù�� ù ù%�  ����þ	$ � �  � ÿ ���vý4����þ
� ù �  � � ���C��� � ù 
���ù ÿ "L��
 ø û ù ��� ø þ  û%��� ø ��� ù þ�8:jS�Bn � ; ø þNù ÿ "�ù!� ø �Oþ ø $��3�-���	�,� � û ù ��� ø þ * �ù ÿ ù!� ø �Oþ ø $���8:|9��þ ��� ù ø "�����;Áù � ����þ%$Rû������ ù ù  ý������ ù � �B� ø �Oþ ÿ ø úOú+ý ø  ���%����� ÿ ù ���I��
 ø ú � ø ����ù
ÿ � ù � ���	��� ø � * "L�Vk � ø ��� ù þ ÿ ù � � þ  ø � � � ø ����ù · ù ý 8:jSk � ø ��� ù þQ��� F�[ ; � ø ���	� ��þ	$  � ø ��� ù þ ø ��"
· ù ý * ù þWù%����� ù þ  ø þWù �	 ��þ	$ � ù ù%��ú�ú���ùC
 ø ú � �  ù ÿ ?��'�3n����B8 ù ��?�� �. ��� ] û%û���þNù!���C53P ø þWù ø � *�&
��� ù þ��%�  �� ��;��Oþ * ù � ÿ ��þ ø ��� ù þ�ý������Jû%��� ��� ����$'� ø ù%����þ.�  8�!#"!�$ ; ø  ù3ÿ � ø ��þ	�,ù ÿ � ù � ����þ  � ù � ���������� ø ù%��þ	$  ø ��
 ø ��� ù �	 ù!��û%���  �Oþ6���	�  ù �OúS8@X ø þ	A  ø þWù ]  � * � ù ÿ � �_F�U H [ ;(�

|&%('*) �'�3n����,+.-�/
-�0
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0.190.270.200.400.490.61Standard deviation

8998-508685-486986-16Number of days
10.145.58.838.38.423.4Interception loss
1.782.271.001.862.353.54Total ET
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Post-cyclonePre-cycloneComponent
KoromaniKorokulaTulasewaKoromaniKorokulaTulasewa

122411901858174516171932P [mm]
983979981142314231765ET [mm]
241211877322194167D [mm]
306306306331331364n [days]
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� øIùTø�ö � � ù²ø � ø�ù � ø�ø�÷ ¥p� ü � ýg� � ø � ùTø � þ� ø�ü �O±O±:� �£Z¤¥w¤x¦ §©¨\ªb«j¬jg®�¤¢¨�«jª ¯�g¦±°eª©¤�²�° � ¯�g¦±°eª©¤�²�°e³ ´
µw¬`µ�®�°w¨g¶·�¸G¹ ºj»�¼ ·�¸½¹¾º`»�¼ ·¿¸G¹ ºj»�¼
À�ÁÂ¸Ã¸�»x¸G¹ ºj»�¼ ÄÄÅÇÆ�È ÄSÉxÅÇÆ�È Ä�ÊSÅ±Æ�È
·¿¹ ºj»^ËXÌGÍ Î�Ï¾Ð¢Ñ�ÒjÓjÐ¢Ô Õ½Öx× ØJÙ ÖxÕS× Ú�Ù ÛSÖx× ÛJÙÜ Ð¢Ô©ÙQÝSÙQÔ©ÞÂÔ©ß Õ½Öx× ØJÙ ÖxÕS×¾ÕLÙ ÛSÖx×¾Õ¿Ùà�ÝjÞÃßÂÝSÐ¢Ï¾á Õ½Öx× ØJÙ ÖxÕS×¾ÕLÙ ÛSÖx×¾Õ¿Ùâ}ãÂä�áæå¢ßÃÝSÙQÔbÞÂÔ©ß Õ½Öx× ØJÙ ÖxÕS× Ö�Ù ÛxÕS× çJÙè�å¢Ô©ßÃÙQÝá©ÝSé¢ê¢ë¾Ô©ã�ìrÑ¢ß�ä�írîuÔbÞbï ÖxÕS× Ö�Ù ÛxÕS× ÚJÙ
ð{¹lñjËòÌ a Ü Ð¢Ô©ÙQÝSÙQÔ©ÞÂÔ©ß ÕSÕS× óJÙ ÕGô�× ó�Ù Ö^ô�× óJÙà�ÝjÞÃßÂÝSÐ¢Ï¾á ÕGô�× ó�Ù Ö^ô�× óJÙâ}ãÂä�áæå¢ßÃÝSÙQÔbÞÂÔ©ß ÕGô�× ó�Ù Ö^ô�× óJÙè�å¢Ô©ßÃÙQÝá©ÝSé¢ê¢ë¾Ô©ã�ìrÑ¢ß�ä�írîuÔbÞbï ÕGô�× ó�Ù ÖSõx× ÚJÙ
öm÷^øgË}Ì � Ü Ð¢Ô©ÙQÝSÙQÔ©ÞÂÔ©ß Úx× Ø�Ù Õ½Ûx× ó�Ù Öjù¢×¾Õ¿Ùà�ÝjÞÃßÂÝSÐ¢Ï¾á Úx× Ø�Ù Õ½Ûx× ó�Ù Öjù¢×¾Õ¿Ùâ}ãÂä�áæå¢ßÃÝSÙQÔbÞÂÔ©ß Úx× Ø�Ù Õ½Ûx× ó�Ù Öjù¢×¾Õ¿Ùè�å¢Ô©ßÃÙQÝá©ÝSé¢ê¢ë¾Ô©ã�ìrÑ¢ß�ä�írîuÔbÞbï Õ½Ûx× ó�Ù Öjù¢× óJÙâXäxßÃÓjÐ¢ÝSÙQÔbÞÃÔ©ß ÕSÕS× óJÙ Õ½Öx× ç�Ù ÖxÕS× ÚJÙÜ ë¾úwÔ©Ñ¢ÝSÙQÔbÞÂÔ©ß Õ½Öx× õ�Ù ÖxÕS× ÚJÙû�Ô©Þ�ßæÓjÑxÏ¾ÝSÙQÔ©ÞÂÔ©ß ÕSÕS× óJÙ Õ½Öx× Ø�Ù ÖxÕS× ÚJÙà�ÓjÏ¾Ð
ü^Ójé¢üSÔ çx× ô�Ù ÕSÕS× ç�Ù ÖSÖx× óJÙ
ý\÷^Á�¸½þæ¼lËXÌ`ÿ à�ÝjÞÃßÂÝSÐ¢Ï¾á õx× ó�Ù Õ½Öx× çJÙâ}ãÂä�áæå¢ßÃÝSÙQÔbÞÂÔ©ß õx×¾ÕLÙ Õ½Öx× çJÙè�å¢Ô©ßÃÙQÝá©ÝSé¢ê¢ë¾Ô�ìlÑ¢ßÂä¢ï õx×¾ÕLÙ Õ½Öx× çJÙ
À�ÁÂ¸Ã¸ è�å¢Ô©ßÃÙQÏ¾ã�ÞÃÝSß ÕS× Ø�Ù Öx× ó�Ù
öX¹l¼r¼¡¸GÁ è�å¢Ô©ßÃÙQÏ¾ã�ÞÃÝSß óx× ó�Ù
� ÷S¹�� �òë¾é���ê¢ëÇÓ`ÞÂÔ©ã í�Ö�á©Ù ìÂÕGï í�Ö�á½Ù ì�Ö^ï í¡Ö�á©Ù0ìrÖ^ïè�å¢Ô©ßÃÙQÏ¾ã�ÞÃÝSß í�Ö�á½Ù í¡ÖJá©Ù í�Ö�á©Ùè�å¢Ô©ßÃÙQÏ¾ã�ÞÃÝSß íÃÕ½óJá©Ù
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^_eghVap\�O�RUe�ZVYD\uegRUO_Y�SUYAv:abSUT+f6OQi�a�PWhmSXRUO_O9TVO_ab��TsSUY�RFPghV�gabhV�1\uRUe�f ´[� � SUe ��É �   f¸PghVime�rVYXO�RU�`OQi
SUTVPWS=SUT[OARFPWSUabe�eg\«�^HQ¹W§ RFPgh[��OQi1\uRUegf   �   �$SUe   � } ´ |[v:TVO�RUOQPWY"©�¹g§ RFPWhV�gOQi1\�RUe�f   � ² } SUe   � º �
e;�`O�R�P9\]PgapRUcpo�v:ani�ODRFPghV�gO$eg\«Y�SFPWrVcbO$PghVi�ZVh[Y�SFPgrVcbO>P;SUf6e�YXq[TVO�RUab^>^_eghji[apSUabe�h[Y �
z=T[O Ö an^FTjP;RFi[YXegh htZVf�rNO�RAx{º7» � abY=SUTVOARFP;SUabeyeg\�SUTVOArVZVeQotPWhV^�o	O_hVO�RU�Wo1q[RUeti�ZV^�SUabe�h1SUO�RUf

SUelSUTVO�v:abhVi[YXTVO_PWR$O_h[O�RU�go+q[RUeti�ZV^�SUabegh+SUO�RUf¼anhSUTVO9SUZ[RUr[ZVcbO_hsS È abhVO�SUab^yO�hVO�RU�Wo.r[Zji���O�S � ��S
abYli[abf6O_h[YXaneghVcbO_YXY1PWhjiIq�RUe;��ani�O_Y1P.�geseti�anhVi[ab^QP;SUanegh�eW\DSUTVOmcbes^QPWcASUZ�RUrVZVcbO_hsS6Y�SXRUZ[^�SUZ[RUO eg\
SUT[O1PgapR � ¤�Y$YXZV^FT�apSyf1P_orNO6Z[YXOQi�PgY�P�^�RUapSUO�RUabZ[f½SUe�YXO_cbO_^�S9v:anhVi�iVP;SFP�^_cbe�YXO1SUemh[O_Z[SXRFPWc
P;SUf6e�YXqVT[O�RUab^>^_e�hVi[apSUabe�h[YA\�eWRASUT[O$i[O�SUO�RUf6anhVPWSUabe�h�eg\��^H9PWhji�© � ��\«SUO_f6qNO�RFPWSUZ[RUO�Y Ü«¾ PWhji Ü�¿
PWhji6v:anhVi YXqNO_O_i[Y � ¾ PWhji � ¿ PWRUO>f6O_PgYXZ[RUO_i P;S:cnO��`O_cbY:� ¾ PghVi � ¿ PWrNeW��O7SUTVOAYXZ[RX\]PW^_O�|jº7»�\�eWR
SUT[ODabhtSUO�RUf6OQi[anPWSUO7c�P_osO�RA^_PghmrNOD^_Pgcb^_ZVcnP;SUOQi�\uRUegf�SUT[O7\�egcbcneQv:abhV�1OS�sZVPWSUabe�h�x{z=T[e�fm| } º�~��g� ×

ºA» ��ÀÜ �
x Ü�¿ ª Ü«¾ ¯�Á � x{� ¿ ª�� ¾ �X� x{� ¿ ª�� ¾ �x � ¿ ª � ¾ � ¿ x ~t� �g�

v:T[O�RUO À anY:SUTVO>�WRFPQ��apSFP;SUaneghjPWc«Pg^_^�O_cbO�RFPWSUabe�h�| Ü anY:SUTVO>f6O_Pgh�SUO_f6qNO�RFPWSUZ[RUO7eg\«SUTVO>cnP_osO�RAPWhjiÁ�abYySUTVO P�i�anPgrjP;SUab^mcnPgqVYXOlRFPWSUO.x   �  �} Â¼f ¡ ¾ ��� º7»DabY	^_cbegYXO�SUew_O�RUe�Z[hji�O�Ryh[OQPWRXÂ®h[O_Z[SXRFPWc
^_eghji�abSUabeghVY PgY SUT[O�rVZ[e;osPghsS1O_hVO�RU�go�q�RUeti[Z[^�SUabe�h�SUO�RUf)PWqVq[RUe�Pg^FTVO_Y w_O�RUe�|�v:T[O�RUOQPWYmº7»�anY
h[O_�`P;SUan��O8\�eWR�Y�SFPWrVcbO:PWSUf6egYXqVT[O�RUab^=^_e�hVi[apSUabe�h[Y�PWhji9qNe�YXapSUab�`O8\�eWR<ZVhVY�SFPWrVcbO"^_eghji[apSUabe�h[Y"x{z=TVegfm|
} º`~��g���
z=T[O�RUO+PWRUOYXO_�`O�RFPgc7f6O�SUTVeti[Y	\uegRlSUTVO�O_Y�SUabf1P;SUanegh�eg\9� H PghVi�© � z=TVO�gRFPWqVTVab^QPWcDPWhji

PWhjPgcpotSUab^QPgc[f6O�SUTVeti�Y_|;v:TVab^�T	PWRUO"rjPWYXab^QPgcbcpoyYXabf6abcnPWRQ|`RUOj�tZ[apRUO È hVeQv:cbOQi[�gO"eg\jSUT[O"PgrNe;�`O"^QPWhVegqto
v:abhji YXqNO_OQi�i�abY�SXRUanr[Z[SUabe�hmPghji PWRUO$rjPWYXOQi egh�SUTVOA\�e�cbcbeQv:abhV�lPgYXYXZ[f6q[SUabe�h[Y9x{z=T[e�fm| } º�~��g� ×
Ã ¤Acbc�f6egf6O_hsSUZVf¦abY7PgrVYXeWRUrNOQi�PWS�SUTVO$cbO_�`O�c�©>¯Ä� HgÅ T[O_hV^_O>v:abhjimYXqNO�OQi[YAPWRUO�PgYXYXZ[f6OQi
w_O�RUe6rNO_cbeQvSUTVabY:cbO_�`O_c �

Ã z=TVO:v:abhji	q[RUe ¶ cbO:abf6f6OQi[anPWSUO�cboyPgrNe;�`O=SUT[O:cnO��`O_cV©<¯m� H abY�cbeg�`PWRUapSUT[f6an^�ZVhVi[O�R<h[O_Z[SXRFPWc
PWSUf6egYXqVTVO�RUan^>^�e�hji�apSUaneghVY �

Ô abSUT�SUT[O�Æ [^c��uWqp�vxcmk���fe]SW}Y}o q[RUegqNe�YXOQi�rso�z=T[e�fÇx } º`~g��� |�SUTVO$cbO_�`O�c�©$¯I� H ^QPghrNO
\ue�ZVhVi�rso�qVcbeWSXSUanh[�+P;��O�RFPg�gO_Y	eg\ � x{� � |�f6O_PgYXZ[RUO_i�ZVhji�O�R9hVO_Z�SXRFPgc"P;SUf6e�YXq[TVO�RUab^1^_e�hVi[apSUabe�h[Y
P;SyP f6anh[abfyZVf¸eg\"SUT�RUO_O6cbO_�`O_cbY�PgrNe;�`OySUT[O6^QPgh[e�qsos|«PW�`Pgabh[Y�S	��PWhji�itRFPQv:abh[�P�cbe��`P;RUapSUf6an^
^_Z�RU�`O�SUT�RUe�Z[��TSUTVO�iVPWSFPlqNe�abhsSUY � z=T[OyabhsSUO�RU^_O_q�S>eg\�SUTVabY>cbabhVOyv:apSUTSUTVO	�WÂCP;d�anY6x � x{� �A�   �RUO_q�RUO_YXO_hsSUYASUT[O$��PWcnZ[O$eg\<©>¯k� H x{z=TVegfm| } º�~��g��� ¤�Y�SUT[O�itRFP_v:anh[� eW\&SUTVO$^_Z[RU��O9abY7i[e�h[O$rto
O�o`O�|tSUTVabY"f6O�SUTVeti1abY"YXe�f6O�v:TVPWS:YXZ[r�ÈCO_^�SUab�`O � »&Y�SUanf1P;SUO_Y"eg\«�H7Pghji1©6^QPWh SUTVO�h rNODegr[SFPWanh[OQi
rso+O_cbabf6anhVPWSUabe�h�eW\=SUTVO6Z[h È hVeQv:h � � abh¼»��sZjP;SUanegh ~t� ��ZVYXabh[��RFPWSUabe�Y�eg\ � x{� � f6OQPgYXZ�RUOQi�PWSS�v=e	cbO_�`O�cnY�PW^_^_egRFi�abhV�	SUeA×

� x{� ¿ �
� x{� ¾ � � cbhkÉXÊ

¡VË
ÉXÌÉFÍ ¡VËÉXÌ

x ~t� ²��

¤Îf1P;SXRUabd�eg\ � x{� ¿ � ¹ � x{� ¾ � ^QPWhÄrNOlq�RUO_qjP;RUOQi�\�eWR6�gPWRUabe�Z[Yy^_egfyrVabhVPWSUabe�h[Y�eW\7� H PghVi�©�PWhjirNO_^_PgZVYXO9©7¯I�^H9abYAi[O�RUab�`O_i�\uRUe�f�SUTVO$�WRFPgqVT[ab^QPgc�f6O�SUTVeti�|[\]PWabRUcpoPW^_^_Z�RFPWSUO9��PWcnZ[O_Y�eg\<©j|NPWhji
SUT[O�RUO�\�eWRUODPWcnYXe��^H�|tf1P_oyrNOAe�r[SFPWabhVOQi6rso	YXOQP;RU^�T[abhV�$\�egR8SUTVO�^_e�f�rVabhjP;SUanegh6eg\��^H7PghVi6©�abh6SUTVO
f1P;SXRUabd�|tSUTjP;S:OS�sZjPWcnY"SUT[ODRFPWSUabe	eg\&f6O_PgYXZ[RUO_ilv:abhjilYXqNO_OQi[Y�P;SAcbO_��O_cbY7� ¿ PWhjim� ¾ �

Ô abSUT9SUTVO cmsZc\k�Ï}]Sprvxc\k���fe]SW}Y}o q[RUe�qNegYXOQiyrso Ö e�rVabh[YXe�h�x } º�² � � »��sZjP;SUabe�h ~s� �AabY<YXegcb�`OQi
htZVf6O�RUan^_Pgcbcpo6\�egR:©j|[�^H7PWhji � � rso6f6abhVabf6abw_abhV�$SUTVO7Y©�sZVPWRUO7eW\�SUT[O7�`O_^�SUegR"eW\«O�RXRUegRUY=v:apSUT1SUTVO^_eghji�abSUabegh�SUTjP;S"SUTVO>qjP;RXSUanPgc�i[O�RUab�gPWSUab�`O_Y"v:apSUT�RUO_YXqNO_^�S�SUe ��� ¹ � |V©lPghVi�� H PWRUO>w�O�RUe �
¤�hVeWSUTVO�RAf6O�SUTVeti anht�`egcb�`O_Y:SUTVO ¶ SXSUabhV�6eW\�P1Y�SXRFPWab��TsSDcbabhVO>SUT[RUegZV�gTP1YXO�f6abÂ®cbe���PWRUapSUTVf6ab^

q[cneWS7eW\ � x{� � Pg��PgabhVY�S7cbh�x{�>ª�© � \�eWRD�gPWRUabe�Z[YA�gPgcbZ[O_YAeW\&© � z=T[O9egq[SUabfyZ[fÎ�gPgcbZVO>eW\�©1abY:SUTjPWS
\uegR>v:TVab^FT+SUT[OVà�OQP;RUYXe�h.q[RUeti[Z[^�SXÂ®f6e�f6O_hsSA^_egRXRUO�c�P;SUabe�h�^_esOcá6^_abO_hsS$abY>TVab��T[O_Y�SQ|�Pghjicbh�� H anY
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û ÷�Ú6â"Û�÷�Ú	ÜCæ,ø�ø_ÚsÜ	ã®ç"å�ÞIö¤üwÿ�× ý¢û Ü�øWâ û ã²÷�è¬éVê � é�ëUå û ÷�Ú � ödücösá û ÷�Û:ã²÷�èÎêjë[ë�é_å�ÞIödücø;Ü�ù�ÜWì
SUTVO_h6\ue�ZVhVi�PWY=SUTVO7abhsSUO�RU^_O�q[S"eW\�SUTjP;S"cbanh[O7v:apSUTlSUT[ODcbh�x{�:ª© � PWd�abY>x{z=TVegfm| }Qí ~g� Å ¥ RUZVf1PWZ�|
}Qígí µ`���
î cmhSh vxYgsqhjfe[^d�c�]SprYgs � fw]jWZYXoqh xFïQð ñsð � e�cbabe�hòPWhji � esegRUO�| }_í�ó µ Å	ô O�õ�RUZVabhöPghVi� esegRUO�| }Qí�ó ��� RUOQ÷sZVapRUOmøth[e;v:cbOQi���OmeW\>rNegSUTIPgrNe;�`OmPghji�v:apSUTVabh�^_PghVegqso�v:anhViIYXqNO_O_i�i[abY�Â

SXRUabrVZ[SUabeghVY � ��h�SUTVO$q�RUO_YXO_hsS�^QPgYXO$SUTVO>cnPWSXSUO�RAv8O�RUO$hVegS7PQ��PWabc�PWrVcbO�PghjilSUTVO_YXO$f6O�SUT[eti[Y:^_e�Z[cni
SUTVO�RUO�\�egRUO9hVeWS�rNO�PWqVq[cnabOQimv:apSUTVegZ[SAabhtSXRUeti�ZV^_abh[�6ZVhV^�O�RXSFPgabhsSUabO_YA^_PgZVYXO_irsolSUTVO$PWYXYXZVf6q[SUabegh
eg\&P9v:abSUT[abhm^QPgh[e�qso1v:abhji�YXqNO_O_imi[abY�SXRUabrVZ�SUanegh�x ¥ RUZ[f1PgZ�| }_í�í µ`���

?A@CBD@�ù úüûFý�þ)ÿ��6J&J<þ��"ý9þ�� ûUL�J��	�NûFK�ý
¥ RUOQ÷sZVO�hV^�o	i[abY�SXRUabrVZ[SUabeghVY=eW\�v:abhjili[apRUO_^�SUaneghVY:PWhji6YXqNO_OQi�Y_|[f6O_PgYXZ[RUO_i>ÈCZVY�S:PWrNe;�`O�SUT[OA\uegRUO_Y�S
^QPgh[e�q[anO�Y$PWS$z�Z[cnPgYXO�v=PmPghVi�
>eWRUe�f1PWhVa�\�eWRUO_Y�SUY_|«P;RUO	YXTVeQv:h+abh ¥ ab��Z�RUO ~t� } ¤¬PWhji ~t� } õA|�RUO�Â
YXqNO_^�SUab�`O_cpo � z=TVODv:abhji�i�abRUO�^�SUabe�hmv"PWY7q�RUOQi[egf6anhVPghsSUcpolOQPgY�S�SUe6YXe�Z�SUTVOQPWY�SDPWhji�v:abhji�YXqNO�OQi[Y
v=O�RUO>cbeQv>|NYXO_cni�e�f6cpolO�d�^_O_OQi�anh[� � f Y ¡ ¾ x ¥ ab��Z�RUO ~t� } õ ��� z=TVODv:abhji YXqNO_OQi�PgY:f6OQPWYXZ[RUOQi�PWS
� ´�� } f¬PWS8SUT[O�
>eWRUe�f1PWhVaV\uegRUO_Y�S"f6O�SUO_e$YXabSUOAPQ�`O�RFPW��OQi µ��   x�   � ó � f � z=T[O7i�abZ[RUhjPWcj^�o�^_cbO_Y=eW\
v:abhji�YXqNO_OQi�Y7v=O�RUO�YXabf6ancnP;RDSUelSUT[e�YXO�e�rVYXO�RU�`OQiPWS��7P�i�a«¤AapRUqNegRXSyx®±�O_^�SUanegh�� � ´[� ´s� v:apSUT+cneQv
��PWcbZVO_Y8PWS=h[ab��TsS:PghVi	TVab��T[O�R"�gPgcbZVO�Y=i[Z�RUabhV�9iVP_otSUabf6O:v:apSUT P9f1P;d�anf�ZVfòYXT[egRXSUcpo1PW\�SUO�R"h[ese�h �

?A@CBD@�B �����"ý���û���������ûUK�ýòK����¨J&L�K>þ>M$ý����£û �"!�H��=L#���	�jJ<L�û $%��û �&$lK'��ÿ��#�9þ$M
( K:L�J)$%�#$

¤ArNe;�`OA^QPgh[e�qso1v:anhVi�YXqNO_OQi�Y"v=O�RUO>f6OQPWYXZ[RUOQi PWS�egRAP;S:cnO�YXY�SUTVPgh SUT[ODf6abhVabfyZ[f¬htZ[fyrNO�R"eW\
cbO_�`O_cbY�RUO_÷tZ[apRUOQiy\�eWR8SUTVO�i�O�SUO�RUf6abhjP;SUanegh6eg\�� H PWhji	©9v:abSUT6f6egY�S8eW\�SUT[O:q[RUO_�tabe�Z[YXcbo	i[abYX^_Z[YXYXOQi
Pghso+f6O�SUTVeti�Y_|�PWhji.SUT[O	ZVYXO6eW\"SUTVO	f6eWRUO6YXe�q[TVabY�SUab^QPWSUOQi.f6eti[O_cbY1xFïQð ñsð�f1PWYXY9^�e�hVYXO�RU��P;SUanegh
f6O�SUTVeti�Y	eg\�*�e�cbabe�hPghVi+*�eseWRUOkx }_í�ó µ`� | ô O�õ<RUZVabh�PghVi+*�eseWRUOkx }_í�ó ���X� SUe�e�r�SFPgabhISUT[O
YXZ[RX\�Pg^_OmRUegZV��T[hVO_YXYlqjP;RFPgf6O�SUO�RUY	\�egR�z�Z[c�PWYXO�v"P�PWhji,
>eWRUe�f1PWhVa"\�eWRUO_Y�SUYlv=PgYlhVeWS9ÈCZVY�SUa.-jO_i
SUTVO�RUO�\�egRUO � ¤AY YXZV^FT�|D©�PghVi�� H v=O�RUO�i[O�SUO�RUf6abh[OQi�ZVYXabhV��SUT[O.�WRFPgqVT[ab^QPgc$f6O�SUT[eti � z=T[O
/Aab^FTjP;RFi[YXe�h�h�Z[fyrNO�R7v"PgY9^QPWcn^�ZVcnPWSUOQi�\uegR�OQPg^FT�TVPgcp\uÂ®TVegZ[R9qNO�RUabeti�PghVi+v:abhji�q�RUe0-VcnO�Y$v8O�RUO
YXO_cbO_^�SUOQi\�eWR�h[O_Z[SXRFPWc&^_e�hVi[apSUabe�hVY1x�ª  21  t}43 º7» 3  21  t} ���65 RUe0-VcnO�Y9TVPQ��abh[� v:abhji+YXqNO_OQi[Y>eW\
cbO_YXYDSUTjPWh } f£Y ¡ ¾ P;S>SUTVO�cneQv8O_Y�S9cnO��`O_c"x{� ¾ � v=O�RUO	O�d�^_cbZji�OQi�|�YXabhV^_O�SUTVO_YXO	f1P_o�TVPQ�`OyrNO_O�h
abh�FjZ[O_hV^�OQi rsolSUTVO>q[RUeQd�abf6apSColSUeySUTVO$^QPWhVe�qso.x ¥ RUZVf1PWZ�| }Qígí µ Å87 q�i[Pgfm| }Qígí µ`��� ��hm�tabO�v eW\
SUTVO�ZVhji�ZVcnPWSUabh[� SUe�qNeg�gRFPWqVTso+eg\=SUT[O6PWRUOQPWY$YXZ[RXRUe�Z[hji�anh[� SUT[O	f1PgY�SUY6x]rNeWSUT.f1PWY�SUYDv=O�RUO6egh
±%9�\]PW^_abhV�1YXcbe�qNO_Y � |Vcnes^_Pgc�abhVT[e�f6eg��O_h[O_apSUanO�YAabh�SUT[OD\�egRUO�Y�S7^QPWhVegqVabO_Y9x]YXf1Pgcbc���Pgq[Y_|VRUe`Pgi[YAPghVi
Y�SXRUOQPgf¬��PWcbcnO�o[Y � Pghji	\uO�SU^�Tlcbabf6abSFP;SUabe�hVY_|VP9i[O_qNO_hVi[O_h[^�o	eW\«� H PWhji6©	eghlv:abhji1i�abRUO�^�SUabe�h v=PgY
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A Poor fetch

Ð8Ñ�Ò[Ó�ÔNMy�PO.QSR�T�U2V Û�WXWUÞZY�[ Q :]\^:`_ba YC[ :`;#\ c%_ed MgÔbf�ÓgfhVjigk â"Ûjl�Ú¨ÚsÛjm k Ø V Û�W2l¸ã®ä7åon U l�Ú Vpi#k
Ø;×SmS� k � VIVqk Ú Vji mNWs×]r i+Vpi#k á ksU lâ"Ûjl�Úmæ	mNW½�'t k ã®ç�uDÜ VvU l�Ú U m�ÚIÚ k �gÛ U2V Û�W2l�Ü�m k æ	m k Ü k l Vvk Ú
Ý;Ù�� k m V Û®Ø U t U l�Ú i WwmQÛyx`Wwl VvU t�Ý U m_ÜCå V W Ú kzVqk mQá Ûjl k�Vpi#k t k � k t	WFÞ�{C|Z}`~ã®ç"å�ÞzWwm4��×St U Ü k â U
ÞzWwm k Ü V�U Ø_ØbW2m�ÚsÛjlPr V W Vjigk r]m U æ i Û®Ø U t8á kzVpi W�Ú�ì
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A
Poor fetch

Ð8Ñ�Ò[Ó�ÔNMy�PO ; R�T�U2V Û�WXWUÞZY�[ ; Q \^:`_ba YC[ Qt� \^:`_ed MgÔbf�ÓgfhVjigk â"Ûjl�Ú¨ÚsÛjm k Ø V Û�W2l¸ã®ä7åon U l�Ú Vpi#k
Ø;×SmS� k � VIVqk Ú Vji mNWs×]r i+Vpi#k á ksU lâ"Ûjl�Úmæ	mNW½�'t k ã®ç�uDÜ VvU l�Ú U m�ÚIÚ k �gÛ U2V Û�W2l�Ü�m k æ	m k Ü k l Vvk Ú
Ý;Ù i WwmQÛyx`Wwl VvU t�Ý U m_Ü�å V W�Ú k�Vqk mQá�Ûjl kJVjigk t k � k t�WUÞ�{�|�}`~òã{ç"å�ÞzWwm���WwmNWtá U l�Û:ÞzWwm k Ü V
U Ø_ØsWwm�ÚtÛjl�r V W Vpi#k r2m U æ i Û®Ø U t�á k�Vji WgÚ[ì

O�d�qNO_^�SUOQi � z�e6SUO_Y�SDSUTVabY�SUTVO$RFPWSUabe�Y>eW\ � x{� Í �q� � x{� ¾ � x{P6f6OQPWYXZ[RUO9eg\8SUT[O$YXTjPgqNO�eg\<SUTVO$v:abhjiq�RUe0-jcbO � v=O�RUOlqVcbeWSXSUOQiÄPg�`PWabhVY�S	v:abhji�i�apRUO_^�SUabe�hIPgY�YXTVeQv:hÄanh ¥ ab��Z�RUO_Y ~s� �g¤ Pghji ~s� µ ¤Î\�eWR
SUT[O1z�ZVcnPgYXO�v"P+Pghji�
>egRUe�f1PWhVa�YXabSUO�Y_|«RUO_YXqNO_^�SUab�`O_cpo � z=TVO_YXOli�a�PW�gRFPWf6Y�^_cbOQP;RUcpo�YXTVeQv SUTjPWS
SUT[O>YXTjPgqNO>eW\&SUTVO>q[RUe�-jcbO_Y_|jPghjilSUTVO�RUO�\uegRUO>SUTVO>f1PW��h[abSUZVi[O_Y:eW\<� H PWhji�©j|[��P;RUabOQi v:apSUTmv:abhji
i�abRUO�^�SUabe�h�|«v:apSUT�cnP;RU��Ol^�TVPghV�gO_Y9anh.SUTVO	RFPWSUabegYye�r[YXO�RU�`OQi+\�egR9SUTVegYXO6v:anhVi�i[apRUO_^�SUaneghVY9v:TVO�RUO
SUT[Ol\uO�SU^�TI^�TVPgh[��OQi�\uRUegf YXZ%�	^_abO_hsS	SUe.qNeseWR � ¤�\uZ[RXSUTVO�R6YXO_cbO_^�SUabe�hkv"PWY6f1P�i[O1SUTVO�RUO�\�eWRUO�|
YXO_cbO_^�SUanh[�IeghVcpo�SUT[e�YXOv:anhVi�q[RUe0-VcbO_Y \uegRmv:T[an^FT�SUTVO�v:abhjii[apRUO_^�SUanegh�v=PgY YXZV^FTSUTVPWSlSUTVO
\uO�SU^�T v"PgY:YXZ]�6^_abO_hsS � °7O_h[^_ODv:abhjilq[RUe0-VcbO_Y"\�egR�v:abhji i[apRUO_^�SUabe�h[YArNO�SCv=O�O_h4�D��� � 9&�o� ~g� 9�PWS
z�Z[cnPgYXO�v=P$\uegRUO_Y�SQ|[PghVi��>�  g  9��w� ²   9kPWS�
>egRUegf1PghVa[\�egRUO�Y�S=v=O�RUO�O�d�^_cbZji�OQi�|�RUO_YXZVcpSUabhV�9abh í ~ }
PWhji�� ´�´ �gPWRUanPWrVcbO	v:abhji�q�RUe0-jcbO_Y_|�RUO_YXqNO_^�SUab�`O�cbo � z=TVO1PQ�`O�RFPW��O	v:abhji+YXqNO_OQi[Y9PWhji.Y�SFPWhji[PWRFi
i�O_�ta�P;SUabe�hVY$f6OQPWYXZ[RUOQi�PWS9cbO_�`O_cbY�� ¾ |&� ¿ Pghji�� Í P;S�z�ZVcnPgYXO�v"PPghVi�
>egRUegf1Pgh[a<\uegRUO_Y�SUY�TjPQ�`O
rNO_O�hlq[cbegSXSUOQi6PW�`Pgabh[Y�S"TVO_ab�gTtS�SUe9i[O�SUO�RUf6abh[O:SUT[OAcbO_��O_cbY8eg\�©8¯+�^H"abh ¥ ab�gZ[RUO_Y ~t� �gõ�PWhji ~s� µ õA|
RUO_YXqNO�^�SUab�`O_cpo �)� eg�`PWRUapSUT[f6an^A^_Z[RU��O_Y�v8O�RUO�-[SXSUOQi6rtoySXRUa�PWc�Pghji6O�RXRUeWR:PghVi1SUT[OAabhsSUO�RU^_O�q[SUY8v:apSUT
SUT[O��AÂCP;d�anY�q[RUe;�tani[OQi6abh[\uegRUf1PWSUabegh eghlSUT[OAf6OQPWh1cnO��`O_cbY"PghVi	RFPghV�gO7eW\�©=¯.�^H � z=TVabY8RUO�YXZVcpSUOQi
abh�P;��O�RFPg�gO=��PWcbZVO_Y�eW\ ó � ² x�   � ��� f PghVi }g} � í x� } � �g� fö\�eWR&©�¯y� H abh�z�ZVcnPWYXO�v"PAPghji�
>egRUegf1Pgh[a



M`E � E�FA¶�D�BJO�A�>?B�D6¶��eL � >�HÄ· =�= K?>�D�> = ACB�D>·½O�A8· = O :0;%�

���e�#�^M3�SO Q#R��"U2V mQÛ���WUÞ�Y�[ Q :%\y:o_Na YC[ :`;#\ c%_ � U tb× k Ü1Ø U t�ØW×St U2Vvk Ú>ÞzW2m
� U mQÛ�Wt×jÜ6ØsWtámÝWÛjl U2V Û�W2l�Ü
WFÞ�{ U l�Ú�}`~Vì T?UwV Û�W`ÜØztyWsÜ k�V W VjigkZU � k m U r k m UwV Û�WJWUÞmá ksU ÜQ×Sm k Ú�â"Ûjl�Ú�ÜCæ ksk Ú`Ü UwV �N×S�
t U Ü k â U ÞzW2m k Ü V�U m k Ü i Wtâ�l�ÛjlkÝsWwt�Ú V Ù�æ k Þ U Ø k n:â i#k m ksU Ü Vjigk á�WsÜ V tbÛy� k tbÙØsWsá�Ý;Ûjl UwV Û�WwlhWFÞ
}`~ U l�Ú�{IÛ�Ü	Ü i#U Ú%Wsâ k Ú�ì

Displacement length d, [m]
8.38.17.97.77.57.37.16.96.76.56.36.15.95.7

z0 [m]

1.5611.5341.5091.4871.4661.4471.4291.4121.3971.3831.3701.3571.3461.3350.8
1.6011.5711.5441.5191.4961.4751.4561.4381.4211.4061.3911.3781.3651.3540.9
1.6421.6091.5791.5521.5271.5041.4831.4631.4451.4291.4131.3991.3851.3721
1.6841.6481.6151.5851.5581.5331.5101.4891.4701.4521.4351.4191.4051.3911.1
1.7281.6881.6521.6191.5901.5631.5381.5151.4941.4751.4571.4401.4241.4101.2
1.7731.7301.6901.6551.6231.5931.5671.5421.5191.4991.4791.4611.4441.4291.3
1.8211.7731.7301.6911.6561.6251.5961.5691.5451.5231.5021.4831.4651.4481.4
1.8701.8181.7711.7291.6911.6571.6261.5971.5711.5471.5251.5041.4851.4681.5
1.9221.8651.8141.7681.7271.6901.6571.6261.5981.5721.5491.5271.5061.4881.6
1.9771.9141.8591.8091.7651.7251.6891.6561.6261.5981.5731.5501.5281.5081.7
2.0361.9671.9061.8521.8041.7611.7221.6871.6541.6251.5981.5731.5501.5291.8

Theoretical ratio of wind speeds measured at 21.0 m and 13.0 m

\�eWRUO_Y�SUY_|VRUO_YXqNO�^�SUab�`O_cpo �
z�emegr[SFPWanh.abhji[ab�tani[ZVPgc&O_Y�SUabf1PWSUO_Y>eW\"©PghVi��z�g|�SUTVOyRFP;SUabe�Y$eg\:PQ�`O�RFPg��O	v:abhVi.YXqNO_OQi�Y9PWS

SUTVOlZVq[qNO�RQ|<f6a�i[i[cbO Pghji�cbeQv=O�R	cnO��`O_cbY	v=O�RUO ^QPgcb^_Z[cnPWSUOQikPghVikf1P;SXRUan^�O_Y�v8O�RUOmq[RUO�qjPWRUO_i�\uegR
OQPg^FT \uegRUO_Y�S�Z[YXanh[��9<÷sZjPWSUabegh ~t� ² SUey^QPgcb^_Z[c�P;SUODSUTVO_eWRUO�SUab^QPgc�RFPWSUabegY�\uegR:�gPWRUabe�Z[Y�^�e�fyr[abhjPWSUabeghVY
eg\8�z�	PghVi©j|�ø`O�O_qVabhV�labh.f6abhVi�SUTVPWSD\uegR>SUO_f6qNO�RFPWSUO9qVabhVO9\�egRUO�Y�SUY$���yPghji�©�P;RUO	ZVYXZVPgcbcpoabh
SUTVO>RFPgh[��O�eg\   �   �W§]�   � } ´ §ÄPWhji   � ² §2�   � í §�|�RUO_qNO�^�SUab�`O_cpo�xp�`P;RU��abY	ïN���0�nðn| }Qí ~g²���� z=TVO$RFPWSUabe
� x{�z  �q� � x{� ¾ � PQ�`O�RFPW��OQi } � ² � � x�   �  �ígó � PghVi } � �  �  x�   �   ²   � abhz�ZVcnPgYXO�v"PÄPghVi+
>egRUe�f1PWhVa
\�eWRUO_Y�SUY_|�RUO_YXqNO�^�SUab�`O_cpos|gPghji>Z[YXanh[�ASUT[O�f1P;SXRUan^�O_Y�YXTVeQv:h9abhyz�PWrVcbO_Y ~s� ��PghVi ~s� µ abh�^�e�fyr[abhjPWSUabegh
v:apSUTmSUTVO>q[RUO���abegZVYXcpo�i�O�SUO�RUf6abhVOQi PQ�`O�RFPg�gO_Y7eW\<©D¯k���W|jRUO_YXZVcpSUOQimabh�SUT[O$O_Y�SUabf1PWSUO_Y�eg\<©lPghVi
�z�y��ab�`O_h�anh�z�Pgr[cbO ~t� ´ \�eWR�SUT[OyRUO_YXqNO_^�SUan��O	f6OQPgh+v:abhji.q�RUe0-VcnO�Y � z=TVO	SFPgr[cbO1PgcbYXe�abhV^_cbZji�O_Y
OQPWRUcbabO�R6O�Y�SUanf1P;SUO_Y	rso�õ�O_O_øtf1Pgh�x }_í�í � � | ¥ RUZ[f1PgZ�x }_í�í µ`� | 7 q�i[Pgf x }Qígí µ`� Pghji�°7PWRUø`O_f1P
x }Qígí ´s� \uegRAYXTVegRXS�YXO_cbO_^�SUOQi�qNO�RUabeti[Y:\uRUegfÎSUTVODe;�`O�RFPgcbc�i[PWSFPyYXO�S �

9&�`O_h�v:apSUTVabh�SUT[O	RUOQi[Z[^_OQi�iVP;SFPmYXO�SQ|�\uegRyv:T[ab^�T�SUT[O	\�O�SU^FT�v"PWY�^_eghVYXani[O�RUOQi�YXZ%�6^_abO_hsSQ|
YXe�f6O9i[O�qNO_hji�O_hV^�oleW\<RUegZV�gTVhVO�YXY7qjP;RFPgf6O�SUO�RUYAeghv:abhVi�i[apRUO_^�SUabe�hO�d�abY�SUOQi�i�ZVO>SUe	SUe�qNeg�gRFPWÂ
qVTso�Pghjimabh[TVe�f6eg��O_h[O_apSUabO_YDabh�SUTVO>RUO_YXqNO_^�SUab�`O$\�eWRUO_Y�S>^QPWhVegqVabO_Y_|Nv:apSUT�RFPWSUabe�YDeW\ � x{��  �q� � x{� ¾ �
RFPgh[��abhV�D\�RUe�f } � ´ SUe } � í PWS8z�Z[c�PWYXO�v"P$PWhji�\�RUe�f } � } SUe } � ´ abh�
>egRUegf1PghVa�x]YXO_O ¥ ab��Z[RUO�Y ~s� �W¤
PghVi ~t� µ ¤ ��� °Aan�gTVO�R�SUTjPWh�PQ�`O�RFPW��O$RFPWSUabe�YAeg\ � x{�   �q� � x{� ¾ � |jqNe�abhsSUabhV�	SUe	RUO_cnP;SUan��O_cpo4¡NP;SAv:abhVi
q[RUe�-jcbO_Y_|Nv=O�RUOye�r[YXO�RU�`OQi�\uegRDv:abhVi+i�apRUO_^�SUabe�h[Y>PWRUegZVhji�� } ´   9�anh+z�Z[cnPgYXO�v=P1\uegRUO_Y�S9PWhjimrNO�Â
SCv8O_O_h�� } ²   � }Qóg  9�PWS�
>egRUe�f1PWhVa�\�egRUO�Y�S � °Ae;v8O_�`O�RQ|VSUTVO$YX^QPWSXSUO�RDeg\&SUT[O9v:abhjimYXqNO�OQimRFPWSUabe�Y
v"PWY�^_eghVYXani[O�RFPgrVcbOAPghVi�|sPWY<SUT[O=RUO_YXZVcpSUabhV�>�gPWRUanP;SUaneghVY<abh1� � PWhji	©>v=O�RUO:SUT[e�Z[��TsS&SUeDrNO"v:abSUT[abh
} �0¢ eg\<SUTVO�PQ�`O�RFPW��O_YD�gab�`O_habhSFPWrVcbO ~s� ´ |�hVe6\�Z�RXSUTVO�RD^_cnPgYXYXa.-j^QP;SUabe�h.v:apSUTRUO_YXqNO_^�SASUelv:abhVi
i[apRUO_^�SUabegh�v"PWY�f1Pgi[O �
¥ RUZ[f1PgZ�x }_í�í µ`� PgcbYXe�^QPgcb^_Z[cnPWSUOQi��gPgcbZVO�Y$\uegR�©+Pghji����y\uegRyz�ZVcnPWYXO�v"Pm\�eWRUO_Y�S�ZVYXabhV��SUT[O

PghVPgcpotSUan^_Pgc�PghVilf1PWYXY=^_e�h[YXO�RU�gPWSUabe�hlf6O�SUTVeti�Y8RUO�\uO�RXRUOQi6SUeyOQP;RUcnabO�R � z=T[ODPghVPgcpotSUab^QPgc�f6O�SUTVeti�Y
q[RUeti�ZV^_OQikv:a�i�O_cpo��gPWRXo�abhV��RUO_YXZ[cpSUY_|�v:T[ab^�T�v8O�RUO.YXegf6O�SUabf6O_Y1qVTso�YXab^QPgcbcpo�Z[h[RUOQPWcnabY�SUab^kxFïQð ñsð
hVO_��PWSUab�`OD�gPgcbZ[O_Y"eg\«© ��� °AeQv=O_�`O�RQ|Vap\�SUT[O7cnPWSXSUO�R:v8O�RUO>O�d�^_cbZji�OQi PQ�`O�RFPg��O�YAeW\«©6PghVi��z�Deg\ ~t�  
f�Pghji } � � fm|_RUO_YXqNO�^�SUab�`O_cpos|;v=O�RUO<e�r�SFPgabhVOQiDv:T[an^FT>v=O�RUO<YXabf6abc�P;R�SUe"SUTVegYXO�q�RUO_YXO_hsSUcpo>e�r�SFPgabhVO_i
v:apSUT$SUT[O��WRFPgq[TVab^QPgcsf6O�SUTVeti � ¤Aq[qVcbab^QPWSUabegh9eW\[SUT[O8PWhjPWcbotSUab^QPWcsf6O�SUTVetiDeW\�/�e�r[anh[YXe�h1x }Qí ² � � SUe
��P;RUabe�ZVY8^_cnPgYXYXO_Y:eg\�v:abhji1YXqNO_OQi�Y:Pghji1i�abRUO�^�SUabe�hVY"abhVi[ab^QPWSUO_i1SUTVPWS=SUT[O�RUegZV��T[hVO_YXY"qVPWRFPWf6O�SUO�RUY
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���]ª#�^M�«PO ; R��"Uw¬ mQÛ���WFÞ�Y�[ ; Q \^:`_ba YC[ Q £g\^:`_� U tn× k Ü6Ø U t�ØW×St Uw¬qk Ú>ÞzWwm  U mQÛ�Ws×jÜ1ØsWsá�Ý;Ûjl Uw¬ Û�Wwl�Ü
WUÞ�{ U l�Ú�}`~VìZ® U tb× k Ü�ØsWtá$æ U m U Ýzt k�¬ W ¬pi#k á kbU ÜQ×Sm k Ú�YC[�}o¯ _ba YC[�}2° _ m U2¬ Û�WsÜ Uw¬ ��WwmbWsá U l�Û
ÞzWwm k Ü ¬�U m k Ü i Wsâ�l�ÛjlkÝsWwtuÚ ¬ Ù�æ k Þ U Ø k n:â igk m ksU Ü ¬pi#k á�W`Ü ¬ tbÛy� k tnÙ�ØsWtámÝWÛjl U2¬ Û�W2l"WUÞ�}0~ U l�Ú
{kÛ�Ü	Ü i#U Ú]Wtâ k Ú[ì

Displacement length d, [m]
11.611.411.211.010.810.610.410.210.09.89.69.49.29.0z0 [m]

1.1801.1771.1741.1701.1681.1651.1621.1591.1571.1541.1521.1491.1471.1450.8
1.1881.1851.1811.1781.1751.1721.1691.1661.1631.1611.1581.1561.1531.1510.9
1.1961.1921.1891.1851.1821.1791.1761.1731.1701.1671.1641.1621.1591.1571.0
1.2041.2001.1961.1921.1891.1861.1821.1791.1761.1731.1701.1681.1651.1621.1
1.2111.2071.2031.1991.1961.1921.1891.1861.1821.1791.1761.1731.1711.1681.2
1.2191.2141.2101.2061.2031.1991.1951.1921.1891.1851.1821.1791.1761.1731.3
1.2261.2221.2171.2131.2091.2051.2021.1981.1951.1911.1881.1851.1821.1791.4
1.2331.2291.2241.2201.2161.2121.2081.2041.2011.1971.1941.1901.1871.1841.5
1.2411.2361.2311.2271.2221.2181.2141.2101.2071.2031.1991.1961.1931.1891.6
1.2481.2431.2381.2331.2291.2251.2201.2161.2121.2091.2051.2011.1981.1951.7
1.2551.2501.2451.2401.2351.2311.2271.2221.2181.2141.2111.2071.2031.2001.8

Theoretical ratio of wind speeds measured at 32.1 m and 24.1 m

v8O�RUOmabhji�O_qNO_hji�O_hsS	eW\Dv:abhjiÄYXqNO_OQiöx�RFPWhV�gO } � � f Y ¡ ¾ � rVZ�S6^_e�h]-VRUf6OQi�SUT[O�i[O_qNO�hji[O�hV^�o
eghmv:anhVii[apRUO_^�SUabe�h�\uegR>z�ZVcnPgYXO�v=P1\uegRUO_Y�S7v:TVO�RUO$©mitRUe�q[qNOQi�YXTjP;RUqVcpom\�RUe�f ó � � x�>� �   � f \�eWR
SUT[O�� }�}_  � } µ   9�anhsSUO�RU�gPgc�SUe �t� ~ x�>� �   � \�egR�SUTVO�� } µ   � } �   9�abhsSUO�RU�gPgc]|`v:apSUT6PD^_eWRXRUO_YXqNe�hVi[abhV�
abhV^�RUOQPgYXO"eW\�� � \uRUegf   � ~ x� } �   � föSUe>� � ´  } � µ f � z=T[O8RUO_YXZVcpSUY«eW\N��P;RUabe�ZVY&f1PWYXY«^_e�h[YXO�RU��P;SUabe�h
f6O�SUT[eti[Y_|<x]ZVYXabh[��P1SUTVO_eWRUO�SUab^QPgc&\�Z[hV^�SUabe�h Å �8abeghV^_e�| }Qí ²`�g� SUe YXabfyZVcnP;SUO�SUTVO9v:apSUTVabh�^QPWhVegqto
v:abhji.YXqNO_OQi�i�abY�SXRUanr[Z[SUabe�h � v=O�RUO6^_egf6qjP;RFPgrVcbO	SUe�SUT[e�YXO6egr[SFPgabh[OQi+v:apSUT�SUT[O	�gRFPWqVTVab^QPWc=PWhji
PWhjPgcpotSUab^QPgc«f6O�SUTVeti[Y$x ¥ RUZ[f1PgZ�| }_í�í µ���� 9&Y�SUabf1PWSUO_YAeg\ ~t�   f�\�egR7©�PWhjimeW\ } � � f�\�eWR>� � \�eWR
SUT[O	f6OQPghv:abhji+q[RUe0-VcbOyv=O�RUOye�r[SFPWabhVOQi.v:apSUT+SUTVOyf6O�SUTVetieg\�*�egcnabegh�PghVi±*�esegRUOx }_í�ó µ�� |
v:T[O�RUOQPgY>SUT[Oyf6O�SUT[eti+eW\ ô O6õ<RUZVabh�PWhji�*�esegRUO�x }Qígó �g� o�abO_cni[O_i.cbO_YXY>RUOQPgcbabY�SUab^1PQ�`O�RFPg�gO_Y$eg\
�s� } f¦\�eWR:©6PghVi } �   f¦\�eWR��z�yx ¥ RUZVf1PWZ�| }_í�í µ`��� z=TVO7f1PWYXY"^_e�h[YXO�RU�gPWSUabe�h f6O�SUTVeti�Y�\�Z�RXSUTVO�R
abhji�ab^QPWSUOQi�SUTVPWS6©+v"PgYyTVab��T[O_Y�S	\�eWR	SUTVO6� } µ   � } �   9 anhsSUO�RU�gPgc]|�abhk^�e�hsSXRFPgY�S	SUe�SUT[O RUO_YXZ[cbSUY
egr[SFPgabh[OQilv:apSUT�SUT[O>PghVPgcpotSUan^_Pgc�f6O�SUTVeti[Y_|tv:T[O�RUOQPgYA� � RUO_f1PWanh[OQil\�PgapRUcpom^_eghVY�SFPWhtS"RUO��`PWRFi�cbO_YXY
eW\«v:anhVimi[apRUO_^�SUanegh � z=TVO_YXO$Z[hV^_O�RXSFPWabhtSUabO_Y:abh�SUT[O$i[O_qNO_hVi[O_h[^�o1eg\«SUT[ODRUe�Z[��TVh[O_Y:qjP;RFPgf6O�SUO�RUY
eghv:abhVi+i�apRUO_^�SUabe�h+YXZVq[qNegRXSUOQi�SUT[Oyi�O_^_abYXabe�hSUelZ[YXOyPQ�`O�RFPg��O�YDeg\�©�PWhji�z�g|NRFPWSUT[O�R7SUTVPgh�SUe
O�d�q�RUO_YXY"SUTVO_f PWY�P�\�Z[hV^�SUabe�h�eg\�v:abhji�i[apRUO_^�SUabe�h �

z=T[O"SXRUO_O_Y8abhySUT[O�z�ZVcnPgYXO�v"PD\�eWRUO_Y�S=q[cneWS8abh[^�RUOQPgYXO_i	YXe�f6OA� � � fòosOQP;R ¡ ¾ abh6TVO_ab��TsS�i[Z�RUabhV�
SUT[Oyf6OQPWYXZ[RUO_f6O_hsSAqNO�RUabeti.PWhjiapS>abYDSUTVO�RUO�\uegRUO�hVegS7RUOQPgcbabY�SUab^	SUe�PWYXYXZVf6O�SUTVPWS$�z��Pghji© RUO�Â
f1PWanh[OQiD^_eghVY�SFPghsS�e;�`O�R�cneghV�gO�R«qNO�RUabeti[Y�eg\tSUabf6O � °7eQv=O_��O�RQ|W© � §9Pghji>� � � §9f1P_oArNO�^�e�hVYXani�O�RUOQi
\�PgapRUcpo.^�e�hVY�SFPWhsS$PghViSUT[O_YXO�|�anh+^_egfyrVabhVPWSUabe�h�v:apSUT�f6OQPWYXZ[RUOQi��WRUe;v"SUT+RFPWSUO_Y6x®�8TVPgq�SUO�R }�} � |
v8O�RUO Z[YXOQi�abh�SUTVO6^QPWcb^_ZVcnPWSUabeghVY	eW\�SUT[O1YXO_hVYXabrVcbOlTVOQP;S?¡VZ[d+v:apSUTÄSUT[O	SUO_f6qNO�RFP;SUZ[RUO�¡jZ[^�SUZ[Â
P;SUanegh�O_h[O�RU�go+rVPgcnPgh[^_O6f6O�SUTVetiÄxp9<÷tZVPWSUabe�h ~t� � ´`� Pghji+eg\=SUT[O	PWO�RUeti�o�hjPWf6ab^yRUO_YXabY�SFPgh[^_O	\�eWR
SUT[O 5 O_h[f1Pgh�Âv*�eghsSUO_apSUT+f6O�SUTVeti�xp9<÷tZVPWSUabe�h �t� ´`��� z=T[O�RUO�\uegRUO6� � abh[^�RUOQPgYXO_i+\uRUegf } � µ f¼abh
ô O�^_O_fyrNO�R }_í�ógí SUe } � ² f abh��7e;�`O_f�rNO�R }Qígí�  |�v:apSUT6^_eWRXRUO_YXqNe�hVi[abhV�$�gPgcbZVO�Y<\uegR=©9abhV^�RUO_PgYXabhV�
\�RUe�f ²�� µ fÎSUe ~s� ´ f �


>eWRUe�f1PWhVaj\�eWRUO_Y�S"YXT[e;v8OQi1hVe9YXan�ghVa.-j^_PghsS"abhV^�RUO_PgYXO7abhlTVO_ab�gTtS=PghVi1^�e�hVY�SFPWhsS"��PWcbZVO_Y=eW\��z�
PWhji ©6v8O�RUO>ZVYXOQilabh�SUTVOD^_Pgcb^_ZVcnP;SUaneghVY�SUT[RUe�Z[��T[e�Z[S �
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���2ª#�^M4«SO £ R?º ×Ná á U mQÙ±WUÞ7ÞzWwm k Ü ¬�U]k mNW�ÚsÙwl U á Û®Ø.Ø igU m U Ø ¬qk mQÛ�Ü ¬ Û®Ø;Ü U Ü�W�Ý ¬vU Ûjl k Ú	ÞzWwm  U m»�
Û�Wt×jÜ�Ü k t k Ø ¬qk Ú�æ k mQÛ�W�Ú`ÜIÛjl¼��×St U Ü k â U½U l�Ú"��W2mNWsá U l�Û�ÞzWwm k Ü ¬ ÜÄ×Sl�Ú k m±l k × ¬ m U t Uw¬ á�Ww�
ÜCæ igk mQÛ®ØmØsWwl�ÚsÛ ¬ Û�Wwl�Ü;ì

AuthorPeriodRemarksd/hz0/hhdz0WindLocation
[m][m][m]direction& method

TULASEWA FOREST
Present studyMay-Nov ’90All weather0.560.1212.77.11.5N75-225EGraphical
Beekman, 199214/5/90Cloudy day0.690.0712.18.30.8SEGraphical
Beekman, 19922/6/90Sunny day0.660.0712.38.10.9SEGraphical
Beekman, 199210/6/90Rainy day0.760.1112.39.41.3NGraphical
Frumau, 199317-22/8/90All weather0.620.1012.77.91.3N90-270EGraphical
Frumau, 199317-22/8/90All weather0.550.1212.77.01.5N90-270EAnalytical
Frumau, 199317-22/8/90All weather0.550.1212.77.01.5N90-270EM&M
Frumau, 199317-22/8/90All weather0.400.0812.75.11.0N90-270EDB&M
Szeicz et al., 19690.1312.71.7Empirical
Stanhill, 19690.6912.78.4Empirical

KOROMANI FOREST
Present studyMay-Sep ’91All weather0.580.0817.810.41.4N60-200EGraphical
Opdam, 1993Jun-Jul ’91All weather0.580.0517.810.20.9SEGraphical
Harkema, 1993May-Jun ’91All weather0.570.0717.810.21.2SEGraphical
Szeicz et al., 19690.1317.82.3Empirical
Stanhill, 19690.6617.811.8Empirical

M&M: Molion and Moore, 1983; DB&M: De Bruin and Moore, 1985.

¾�¿�À Á½Â�ÃÅÄhÂ�Æ�Ç�ÈCÉ±Æ�ÂÊÇ�Ë±ÌÎÍÏÂ�Ð�Ç�ÈCÑzÒeÂÔÓÊÉÕÃÖÑzÌJÑ»È	×

ô�ØqÙeÚqÛ»Ü0ÚqÝ0Þ�Ü»ßoÛbØ Ü�à`ÛsÚ�Ý0á�â�Ûsã�äSÛbØ Üzâ�å%Ø�Û�Ü0Þ�æ4Ø�Ûsç�Ü�â�èéßoÛ�ê2å�ã�è�æ%è.âëÙ6ã�Û»Ü�Úqå%Ø�Û»æ�Ü�ìSÝzßoÛ�à0Ø Ü0ÚqÚqç�Ü�ÞPæ
èéÞ4â�ê�Û�æ2ØqÙeÚqÛsÜ0ÚqÝ`Þ�Ý�á�í í�í í�îCÛbØ�Û�ä%Ø�ÛbÚqÛsÞwâ�Û»æ4èéÞ�ï�êPÜ�ä%â�ÛbØ�ð2ñ�ï�Ý0ØqØ�ÛsÚqäSÝ0ÞPæ]è�Þ%à�Ü»ßoÛbØ Ü0à0ÛsÚ�ã�ÛsÜ�ò
Úqå%Ø�Û»æ�Ü�ìSÝzßoÛ�ó8å�ç�Ü0ÚqÛbîCÜeôvísõ�ã6ö�Ü0Þ�æ 
 Ý0Ø�Ý`ã�Ü�Þ�è8ô�÷�ø�ã6ö&á^Ý0Ø�ÛsÚvâ�Ú�ÜzØ�Û�ä]Ø�ÛsÚqÛsÞwâ�Û»æ�èéÞ6ó�Ü0ì%ç�Û�ù2ñ ðwñ
ô�è.ú#ÛbØ�ÛsÞ%ûsÛsÚ�ìSÛbâ�ÛbîCÛbÛsÞ�â�ê�Û�Úqè.â�Û�îCÛbØ�Û�Úqèéà`Þ%è - û»Ü0Þwâ»ñ'ü�Ýzî�ÛsßoÛbØ»ý�â�ê�ÛsÚqÛ�æ%è.ú#ÛbØ�ÛbÞ�ûsÛsÚ�ã�ÜsÙ6ìSÛ�â�ê%Û
Ø�ÛsÚqå�ç.â�Ý0á�æ%è.ú#ÛbØ�ÛsÞ%ûsÛsÚ�ìSÛbâIîCÛsÛbÞJâIîCÝ�ÚqÛ»Ü�ÚqÝ`Þ�Ú�â�ê%Ûsã�ÚqÛsçéßoÛsÚ�Ü0Ú�â�ê�Ûeæ]ØqÙÕÚqÛ»Ü�ÚqÝ`Þ"Ý0á�í ígí`þ îCÜ0Ú
Ø Ü�â�ê%ÛbØ�î�Ûbâ�Ü0ÞPæ�â�êPÜ�â�Ý0á�í í�í í'áÿÜ0è.Ø�ç.Ù�æ]ØqÙeô���� ð ó�Ü�ì�çéÛ��2ñ ÷`öNñ)óCê�Û�æ]èéú#ÛNØ�ÛsÞ�ûsÛbÚ)î'èéçéçSìSÛ'æ%èéÚqûså%ÚqÚqÛ»æ
èéÞ�ï�êPÜ�ä%â�ÛbØ í ñ

¾�¿�� �
	eÆ�Â���È� Ë±Â�Æ���×�� Ç�Ð�Ç�Ë
��Â

��������� �[ý���� �>þ����	��û���ý
óCê�Û õ�/�9<õ Ü�ÞPæ�ó�! 9<õ ã�Ûbâ�ê�Ý2æ]Ú	å%ÚqÛ)â�ê%Û�Úqå%ØqáÿÜ0ûsÛ�ÛsÞ�ÛbØ�à�Ù�ìPÜ�ç�Ü0Þ�ûbÛCÛ ÷ åPÜzâ�è�Ý0Þ�ô 9�÷ åPÜzâ�èéÝ`Þ�ù2ñ ù`ö
î'ê�èéû êÕäPÜ�Øqâ�è.â�èéÝ`Þ%Ú?â�ê%Û6èéÞ%ûsÝ`ã�èéÞ�à�ÛsÞ%ÛbØ�à0Ù�ã�èéÞ]å%Ú�ß`ÜzØ�è�Ý0å�Ú?Úvâ�Ý0Ø Ü0à0Ûeâ�ÛbØ�ã�Ú6ô#"�ö�ìSÛbâIîCÛsÛsÞ±â�ê%Û
ÚqÛsÞ�Úqèéì%ç�Û�ê%Û»Ü�â ¡ å%$'& Ü0Þ�æeâ�ê�Û�çyÜzâ�ÛsÞwâ�ê�Û»Üzâ ¡ å%$)(+* ôpóCê�Ý0ã�ý#í í ù0ð`ö-,

.�/103254�07680:9)07;=<?>�@�A " A &CBD(+* ô�ù2ñ ù`ö
î'ê�ÛbØ�Û .�/ è�Ú�â�ê�Û�Þ�ÛNâ?Ø Ü0æ%è�Ü�â�èéßoÛ6èéÞ�ä�å]â»ý 2E4 èéÚ?â�ê%Ûeê%Ý0Ø�èGFsÝ0Þ2â Ü�ç ¡ åH$±æ]èéßoÛbØ�à`ÛbÞ�ûsÛ6Ý0Ø�Ü`æ]ßoÛsûbò
â�èéßoÛ�ÛsÞ�ÛNØ�à0Ù ¡ å%$#ý 6 â�ê�Û�ÚqÝ`èéç�ê%Û»Ü�â ¡ åH$#ý 9 Ü�ÞPæ ;=<->�@ â�ê%Û ¡ åH$%ÛbÚ6Ý�á�ÛsÞ�ÛbØ�à�Ù+à0Ý`èéÞ�àJèéÞwâ�Ý
Ü0ìSÝzßoÛsà�Ø�Ý`å%ÞPæ�ä%êwÙ%Úqèéû»Ü�ç�Ü�ÞPæ�ì%èéÝwûNê%Ûsã�èéû»Ü0ç)Úvâ�Ý0Ø Ü�à`ÛsÚsý�Ø�ÛsÚqäSÛsûNâ�è�ß`Ûsç.Ùwñ 9 ß0Ü0äSÝ0Ø Üzâ�èéÝ`Þ�Ø Üzâ�ÛsÚeô#*�ý
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���]ª#�^M�«POONSR)T?U lPr k Ü U l�Ú U  k m U r k Ü	ãCÜ ¬vU l�Ú U m�Ú6Ú k  Û Uw¬ Û�Wwl�Ý k�¬ â ksk l+Ýzm U Øs� k�¬ Ü�å�WUÞ ¬vk á$æ k m»�
Uw¬ ×Sm k ã#PRQ�å U l�Ú�m k t Uw¬ Û  kei ×Ná�Û®ÚsÛ ¬ Ù�ã?SAå+á ksU ÜQ×Sm k Ú U ÝsW  k ��×St U Ü k â UÕU l�Ú���WwmbWsá U l�Û
ÞzWwm k Ü ¬ ÜlÚt×SmQÛjl�r ¬jigk Ú2mQÙmÜ ksU ÜzW2l�Ü6WUÞ éUTHTVà U l�Ú�WUÞ1éHTHT[éwn�m k ÜCæ k Ø ¬ Û  k tbÙ�ì

nRHmaxRHminRHnTmaxTminTLocation

Tulasewa Forest, 1990
13281-10044-9867-9813219.3-30.913.5-24.518.8-26Range
13296 (4)66 (11)84 (6)13226.5 (2.1)18.8 (2.0)22.2 (1.4)Average

Koromani Forest, 1991
12468-10033-8853-8812719.4-31.716.6-24.818.4-26.9Range
12489 (8)61 (11)70 (8)12726.1 (1.9)20.4 (1.5)22.9 (1.5)Average

>***>***>***>*<***<***Tulasewa <> Koromani

Significance level: *: 0.10; **: 0.05; ***: 0.01

èéÞ�ã�ã Ú�VXWNö�û»Ü�Þ�ìSÛ�Ý`ì]â Ü0èéÞ�Ûsæ�ìwÙ�æ]èéß]è�æ]è�Þ%à�â�ê�Û�çyÜzâ�ÛsÞwâ�ê�ÛsÜ�â ¡ å%$�ôZY ã[V \Nö�ìwÙ�â�ê%Û?ç�Ü�â�ÛbÞ2â
ê%Û»Ü�â�Ý0á�ß`Ü�äSÝ0Ø�èGF»Üzâ�è�Ý0ÞhÝ�á'î�Ü�â�ÛNØ�ô](8ý�èéÞ �3^ à VXW ö?Ü�ÞPæ±ã�å%ç.â�è�ä%ç.Ù%èéÞ%à�ìwÙ�â�ê�Û6æ]ÛsÞ�Úqè.âëÙ�Ý0á�î�Üzò
â�ÛbØ�ôví`ñ þ ^ à6ç VXW öNñ�ï�Ý0Þ2ßoÛsÞwâ�èéÝ`ÞPÜ�çéçéÙwý ¡ å%$]ÛsÚ�èéÞ�â�ê�Û�æ%Ý»î'Þwî�ÜzØ æZæ]è.Ø�Ûsûbâ�èéÝ`ÞJôjèéÞ�ûsÝ0ã�èéÞ�àwö'êPÜ»ßoÛ�Ü
äSÝ0Úqèéâ�èéßoÛ?Úqèéà`Þ8ýgî'ê�ÛNØ�Û»Ü0Ú�â�ê%Ý`ÚqÛ�èéÞ�â�ê�Û?å�äwî�ÜzØ æ�æ%è.Ø�Ûsûbâ�èéÝ`Þ"ôjÝ`å]â�à`Ý0è�Þ%àwö�ÜzØ�Û�Þ�ÛbàoÜ�â�èéßoÛeôpóCê�Ý0ã�ý
í�_où`ð0öNñ

óCê%ÛZÜ`æ%ß`Ûsûbâ�èéßoÛ�ÛsÞ%ÛbØ�à0Ù ¡ åH$Jî�Ü0Ú6Þ�Ûbà`çéÛsûbâ�Û»æhè�Þhâ�ê�Û�ÛsÞ%ÛbØ�à0ÙhìPÜ�çyÜ�Þ�ûsÛ�Ü�ÚeÛbÚvâ�è�ã�Üzâ�ÛsÚ�Ý0á
254 û»Ü0Þ�Ý`Þ%çéÙ�ìSÛ�Ý0ì%â Ü0èéÞ%Û»æ�è.á'ê�Ý�Ø�è`FbÝ`Þwâ Ü0ç)à0Ø Ü0æ%èéÛsÞwâ�Ú?Ý�áCâ�Ûsã�äSÛbØ Üzâ�å%Ø�Û`ý8ê2å�ã�è�æ%è.âIÙZÜ0ÞPæ�î'èéÞPæ
ÚqäSÛsÛsæ�Ü�Ø�Û ^ Þ%Ýzî'ÞZá^Ø�Ý0ã Úqèéã?å�ç.â Ü0Þ%ÛsÝ`å%Ú�ã�Û»Ü0Úqå]Ø�Ûsã�ÛsÞwâ�Ú�ã�Ü`æ]Û�Üzâ�Üeã�è�Þ%èéã�å�ã Ý0á�âëîCÝ4Úqèéâ�ÛbÚ
ôpóCê%Ý`ã�ýCí�_où`ð0öNñba�ÞPæ]ÛbØ�ûsÝ0ÞPæ%è.â�èéÝ`Þ%Ú�Ý�á�ê%èéà`ê .�/ â�ê�Û�ÛbØqØ�Ý�Ø�èéÞwâqØ�Ý2æ%å�ûbÛ»æ�ìwÙ�Þ%Ûsà`çéÛsûNâ�è�Þ%à 2E4
îCÜ0Ú�ûsÝ`Þ%Úqè�æ%ÛbØ�Û»æ?Úqã�Ü0çéç�Ü�Ú&â�ê�Û�å�äwî'èéÞPæ�áÿÛNâ�ûNê%ÛsÚ�Ý0áSâ�ê�ÛCó	å�ç�Ü0ÚqÛNî�Ü�Ü0Þ�æ 
 Ý�Ø�Ý`ã�Ü0Þ%è%Úqè.â�ÛsÚ'ôpÜ�ìSÝ`å%â
ù0ð�Ü0ÞPæeøwù?â�èéã�ÛsÚCâ�ê�Û�ê%Ûsèéà`êwâ�Ü�â'î'ê�èéû ê .�/ î�Ü0Ú�ã�Û»Ü0Úqå]Ø�Û»ægý2Ø�ÛsÚqäSÛbûbâ�èéßoÛsç.Ù�ö�î�ÛbØ�Û�â�ê�Ý0å�à`êwâ'â�Ý
ìSÛ6Úqå � ûbè�ÛbÞ2â?â�Ý�çéèéã�è.â�Ü0æ%ßoÛsûNâ�è�ß`ÛeÛsÞ%ÛbØ�à0Ù±è�Þ%ä�å]â�Ú?á^Ø�Ý0ã Úqå]ØqØ�Ý`å�Þ�æ%èéÞ�à�æ]ØqÙ�à0Ø Ü�ÚqÚqçyÜ�ÞPæhÜ�Ø�Û»Ü�Ú
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î'ê�ÛbØ�Û²w+Ø�Ûsä]Ø�ÛsÚqÛsÞwâ�Ú�â�ê�Û�Úqå%ØqáÿÜ0ûsÛeÜ0çéìSÛ»æ]Ý�áÿÝ�Ø�Úqê%Ý0Øqâqòpî�Ü»ßoÛ�Ø Ü`æ]è�Ü�â�èéÝ`Þgñg³ëÞ%ûsÝ`ã�èéÞ�àeØ Ü`æ%è�Üzâ�è�Ý0Þ
ûsÝ`Þ%ÚqèéÚvâ�Ú�Ý0á�æ]èéØ�Ûbûbâ�ìSÛsÜ0ã¦Ü0ÞPæÕæ]è.ú#å�ÚqÛ�Úqê�Ý�Øqâqò�îCÜ»ßoÛ�ÚqÝ`ç�Ü�Ø�Ø Ü0æ%è�Ü�â�èéÝ0ÞhÜ�ÞPæ±Ý�á�çéÝ0Þ�à0òpîCÜzß`Û6Ú ^ Ù
Ø Ü`æ]èyÜzâ�èéÝ`Þ8ñ�´�å]â�à`Ý`èéÞ%à�Ø Ü`æ]èyÜzâ�èéÝ`Þ�ûsÝ0Þ�ÚqèéÚvâ�Ú�Ý�á&Ø�Û ¡ Ûbûbâ�Û»æ6Ø Ü0æ%è�Ü�â�èéÝ0Þ�Ü0ÞPæ�â�ÛbØqØ�ÛsÚvâqØ�è�Ü0ç8çéÝ`Þ�à�òpî�Ü»ßoÛ
Ø Ü`æ]èyÜzâ�èéÝ`Þ8ñ óCê�Û�Ü0ã�Ý0å�Þwâ�Ý0á�Ø�Û ¡ Ûsûbâ�Û»æ"Ø Ü`æ%è�Üzâ�è�Ý0Þ�æ%ÛsäSÛbÞPæ%Ú�ìSÝ�â�ê+Ý`Þ+â�ê%Û�ÚqÝ`ç�Ü�ØeØ Ü`æ%è�Üzâ�è�Ý0Þ
èéÞ2â�ÛbÞ�Úqè.âëÙ"Ü�ÞPæJÝ`Þ"Úqå%ØqájÜ�ûsÛ�û êPÜ�Ø Ü�ûbâ�ÛbØ�èéÚvâ�èéûsÚZô�ned opd�Ü�ç�ìSÛsæ%Ý%ý����ed�c2Ûsûbâ�èéÝ`Þ+ð2ñ ø%ñéí»öNñ�óCê�Û�Úqê%Ý0Øqâqò
î�Ü»ßoÛ�ûsÝ0ã�äSÝ`Þ%ÛsÞwâ�Ý�á#â�ê�Û�Þ�ÛNâ)Ø Ü0æ%è�Ü�â�èéÝ0Þ6èéÚjFsÛbØ�Ý�Ü�â�Þ�èéà0ê2â�Ü0Þ�æ?â�ê�Û�Þ%èéà0â�êwâ�èéã�Û . /�èéÚ)â�ê%ÛbØ�Ûbá^Ý0Ø�Û
æ%Ûbâ�ÛNØ�ã�è�Þ%Û»æhìwÙJâ�ê�Û�ã�Ü�à`Þ%èéâ�å�æ%Û�Ý�á�â�ê�Û�çéÝ`Þ%à0òpî�Ü»ßoÛ�ûsÝ0ã�äSÝ`Þ�ÛbÞ2â�ÚsñXóCê�Û�Ý0ä�äSÝ`Úqè.â�Û�èéÚ6âqØ�å%Û
æ%å]Ø�è�Þ%à�æ�ÜsÙ2â�è�ã�Û�î'ê%ÛsÞ6â�ê%Û�Þ%Ûbâ�Úqê%Ý0Øqâqòpî�Ü»ßoÛ�ûsÝ`ã�äSÝ0Þ�ÛsÞwâ�è�Ú�ã�å�û ê�ç�Ü�Ø�à0ÛbØ�â�êPÜ�Þ�â�ê%Û�Þ%ÛbâCçéÝ0Þ�à0ò
î�Ü»ßoÛ�ûbÝ`ã�äSÝ`Þ%ÛsÞwâ»ñ

k�Ý�â�ê�æ%Ý»î'Þwî�ÜzØ æ�Ü0Þ�æ?å�äwîCÜ�Ø æ ¡ å%$]ÛsÚ&Ý�áSÚqê�Ý�Øqâqò�îCÜ»ßoÛCØ Ü`æ]èyÜzâ�èéÝ`Þ�î�ÛbØ�Û�ã�Û»Ü0Úqå]Ø�Û»æ�î'è.â�ê�â�ê%Û
Ü0çéìSÛ»æ]Ý`ã�Ûbâ�ÛbØ�Ü�â�ó	å%çyÜ�ÚqÛbî�Ü6Ü0Þ�æ[µ�Ý0Ø�Ý0ã�Ü0Þ�è8Úqè.â�ÛsÚ�Ü�ÞPæ4â�ê�Û�Ü»ßoÛbØ Ü�à`Û?æ]ØqÙ2ò�ÚqÛ»Ü0ÚqÝ0Þ�ß`Ü�çéå�Û�áÿÝ�Ø¶w
ûsÝ`å%ç�æ6â�ê�ÛNØ�ÛbáÿÝ�Ø�Û�ìSÛ�û»Ü0çéûså%ç�Ü�â�Û»æeáyØ�Ý`ã â�ê%Û�Ø Ü�â�èéÝ�Ý�á	â�ê�ÛbèéØ�æ%Ü0èéç.Ù6â�Ý�â Ü0çéÚsñ�óCê�Û�æ%Ü0èéç.Ùeß0Ü�Ø�è�Üzâ�è�Ý0Þ�Ú
èéÞ+â�ê�Û�Ü0çéìSÛ»æ%ÝwÛbÚ�Ý0á?ó	å%çyÜ�ÚqÛbî�Ü"Ü0Þ�æ8µ�Ý0Ø�Ý`ã�Ü�Þ�è�áÿÝ0Ø�ÛbÚvâ�Ú�Ü�Ø�ÛZÚqê�Ý»î'Þ�è�Þ·!�èéà0å%Ø�ÛÕùwñ ø%ñ óCê%Û
Ü»ßoÛbØ Ü0à0Û�Ü0çéìSÛ»æ%Ý�á^Ý0Ø�ó8å�ç�Ü0ÚqÛbîCÜ�áÿÝ0Ø�ÛbÚvâ�ÝzßoÛbØ�â�ê�Û�äSÛbØ�èéÝ2æ¹¸�ÜsÙ�í»ù1º'»�ÝzßoÛsã�ìSÛNØ�÷`ù2ý	íe_m_ þ îCÜ0Ú
þ ñéí þ0þ ô]¼ þ ñ þ0þ ù0ö�ôjÞ A í�_oð0öNý�î'ê�ÛNØ�Û»Ü0Ú'â�êPÜzâ�áÿÝ0Ø�µ�Ý0Ø�Ý0ã�Ü0Þ%è#á^Ý0Ø�ÛsÚvâ�ÝzßoÛbØ�â�ê%Û�äSÛbØ�èéÝ2æ[½�ä]Ø�è�çgõ þ º
c]Ûsä]â�Ûsã�ìSÛNØ�í�_]ý#íe_�_]í0ý%îCÜ0ÚCÚqèéà`Þ%èO¾Pû»Ü�Þ2â�ç.Ù�ê%è�à0ê�ÛbØ�Ü�â þ ñ�í»÷��]ô]¼ þ ñ þ`þ loö�ôjÞ A íz÷0õ`öNñ�óCê�ÛsÚqÛ�ß`Ü�ç�å%ÛsÚ
Ü�Ø�Û�èéÞ�â�ê�Û�Ø Ü0Þ%à`Û6ô þ ñ þ leº þ ñéíbøwö�áÿÝ0å�ÞPæ4á^Ý0Ø�â�Ûbã�äSÛbØ Ü�â�Û�ä�èéÞ%Û�á^Ý0Ø�ÛsÚvâ�Ú�ì2Ù � Ü�Ø�ß2èéÚLn-¿ �0� d�ôvíe_`ù��`öNñ
½Câ�ó	å%ç�Ü0ÚqÛbîCÜeáÿÝ�Ø�ÛsÚvâ�çéÝzî�w	ò�ß`Ü�ç�å%ÛsÚ�ôpæ]Ýzî'Þ�â�Ý þ ñ þ ð0ö�îCÛbØ�Û?Ý`ì%ÚqÛbØ�ßoÛ»æ�î'ê�ÛsÞ�â�ê%Û�û»Ü�Þ�Ý`äwÙ�îCÜ0Ú
îCÛbâ»ýgì%å%â�â�ê�èéÚ�î�Ü�Ú�Þ�Ý�â�Ý`ì%ÚqÛbØ�ßoÛ»æ�Üzâ¶µ�Ý0Ø�Ý0ã�Ü0Þ�è�á^Ý0Ø�ÛsÚvâ»ñEc2å�û êZæ%è.ú#ÛbØ�ÛsÞ%ûsÛsÚ�ìSÛbâIîCÛsÛbÞ�á^Ý0Ø�ÛsÚvâ�Ú
ã�ÜsÙ�ìSÛ�û»Ü0å%ÚqÛ»æ�ä�Ü�Øqâ�ç.ÙZìwÙZæ%è.ú#ÛbØ�ÛsÞ%ûsÛsÚ�èéÞ�û»Ü�Þ�Ý`äwÙZÚvâqØ�å�ûNâ�å%Ø�Û§À�æ%ÛsÞ%ÚqèéâIÙ�ìSÛbâëî�ÛsÛsÞZâ�ê�Û�ÙwÝ0å�Þ%à
Ü0Þ�æ�ã�Ü�â�å%Ø�Û�á^Ý0Ø�ÛsÚvâ�ô � ÜzØ�ß2è�ÚLn-¿ �`� d�ý�í�_où��`öNñ5!�å%Øqâ�ê%ÛbØ�ã�Ý0Ø�Û0ý�â�ê�Û�û»Ü�Þ�Ý`äwÙ�Ý�á�µ�Ý�Ø�Ý`ã�Ü�Þ�è	á^Ý0Ø�ÛsÚvâ
êPÜ0æ6ìSÛsÛbÞeÚqÛsß`ÛbØ�Ûsç.Ù6æ�Ü�ã�Ü0à`ÛsæeìwÙ�ûbÙ]ûsçéÝ`Þ%Û�c]èéÞ�Ü]ý2î'ê�èéû ê4ã�ÜsÙ�Ü0çéÚqÝ�ê�Ü»ßoÛ�èéÞ ¡ å�ÛsÞ%ûsÛ»æ�â�ê�Û�íe_�_]í
ß`Ü�çéå�ÛCÝ�á�w�â�Ý�ÚqÝ`ã�Û�Û?$2â�ÛsÞwâ»ñ&óCê�Û'æ]èéå%Ø�ÞPÜ�ç2ûsÝ`å]Ø�ÚqÛsÚ�Ý�á�w�áÿÝ�ØCó8å�ç�Ü0ÚqÛbîCÜ�Ü0Þ�æEµ�Ý0Ø�Ý0ã�Ü0Þ%è2á^Ý0Ø�ÛsÚvâ�Ú
Ü�Ø�Û�Úqê%Ýzî'Þ4è�Þ)!�èéà`å%Ø�Û?ùwñ ðwñ

k�ÛsûsÜ0å�ÚqÛ�weî�Ü0Ú&áÿÜ0è.Ø�ç.Ù�ûsÝ0Þ�Úvâ Ü�Þ2â»ý . /�ã�ÜsÙ�ìSÛ�Ø�Ûsç�Ü�â�Ûsæ?â�Ý . h�Á�Ûsã�ä%èéØ�èéû»Ü�çéçéÙ�å%Úqè�Þ%à�Ü�ç�èéÞ%Û»Ü�Ø
Ø�Ûsà0Ø�ÛbÚqÚqè�Ý0Þ�ÛeÂwå�Ü�â�èéÝ`Þ"ô � Ü�Ø�ß2èéÚ'n-¿ �`� dhíe_`ù��oöNñ�óCê�Û�Ø�ÛsÚqå�ç.â�èéÞ�àeÛ?$]ä%Ø�ÛsÚqÚqèéÝ`Þ%Ú�áÿÝ�Ø�â�ê�Û�ó	å�ç�Ü0ÚqÛNî�Ü
Ü0Þ�æ¹µ�Ý�Ø�Ý`ã�Ü�Þ�è�áÿÝ�Ø�ÛsÚvâ�Úqè.â�ÛsÚ�ì�Ü0ÚqÛ»æ�Ý`ÞZêPÜ�çéáyò�ê�Ý`å]Ø�ç.ÙZæ�Ü�â Ü6Ü�Ø�Û?à`èéßoÛsÞ�ìwÙ¹ÃÄÂwåPÜ�â�èéÝ0Þ�Ú�ùwñ _eÜ0Þ�æ
ù2ñéí þ ý�Ø�ÛsÚqäSÛbûbâ�èéßoÛsç.Ùwñ

.�/LAÅ0 ÷2í�Æ ù�õ%ô]¼?í��HÆ õml`öÇB þ Æ l��m�]ô]¼ þ Æ þ`þ ízöjÈ .�h Á
Þ A ù��0øm�]ýPØ \ A ímÆ þ0þ ô�ù2ñ _oö

.�/LAÅ0 õm_UÆ _�_%ô]¼�÷wímÆ þ í»öÇB þ Æ l�ø��]ô]¼ þ Æ þ`þ ízöjÈ .�h Á
Þ A ð�_`õ�l]ýPØ \ A þ Æ _�_ ô�ùwñ�í þ ö
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Ú å%Û�â�Ý�ûbØ Ü�û ^ èéÞ�à�Ý0ágâ�ê�Û�ä�ç�Ü�Úvâ�è�û�æ%Ý0ã�ÛsÚ�ã�Ý0è�Úvâ�å]Ø�Û�ÛbÞ2â�ÛNØ�Û»æ�â�ê�Û�Þ�Ûbâ�Ø Ü`æ%èéÝ0ã�Ûbâ�ÛbØCèéÞeó	å�ç�Ü�ÚqÛbî�Ü
á^Ý0Ø�ÛsÚvâ�æ%å]Ø�è�Þ%à�Ü?á^Ý`å]Ø�î�ÛsÛ ^ äSÛbØ�èéÝ2æ4èéÞ � å%çéÙeÜ�ÞPæ[½�å�à`å%Úvâ�íe_�_ þ ýPÜ0Þ�æ . /4æ%å%Ø�èéÞ%à?â�ê�èéÚ'äSÛbØ�èéÝ2æ
îCÜ0Ú�â�ê�ÛNØ�ÛbáÿÝ�Ø�Û�û»Ü0çéûså%ç�Ü�â�Û»æJå�ÚqèéÞ�à7ÃjÂwå�Ü�â�èéÝ`Þ,ù2ñ _]ñhóCê%Û4Þ�ÛNâ�Ø Ü`æ]è�Ý0ã�Ûbâ�ÛbØ�Üzâ�â�ê�Û'µ�Ý0Ø�Ý0ã�Ü0Þ%è
á^Ý0Ø�ÛsÚvâ	Úqèéâ�Û�î�Ü�Ú�èéÞ�Úvâ Ü�ç�çéÛ»æ�âIîCÝ�îCÛsÛ ^ Úgç�Ü�â�ÛbØ	â�êPÜ0Þ�â�ê�Û�Ý0â�ê%ÛbØ�ã�èéûbØ�Ý�òIã�ÛNâ�ÛsÝ0Ø�Ý0ç�Ý0à`èéû»Ü�çwÛeÂwå�èéä�ã�ÛsÞwâ»ý
Ü�ÞPæ)ÃÄÂwåPÜzâ�è�Ý0Þ�ù2ñéí þ î�Ü0Ú'â�ê�ÛNØ�ÛbáÿÝ�Ø�Û�å�ÚqÛ»æeâ�Ý?û»Ü0çéûså%ç�Ü�â�Û . /eá^Ý0Ø'â�ê�èéÚ'äSÛbØ�èéÝ2ægñ

»�Ý0â�Ü�ç�ç�î�Ü»ßoÛbç�ÛbÞ�à0â�ê%Ú�Ü�Ø�Û�ÛeÂwåPÜ�çéçéÙ�Ü�ì�ÚqÝ0Ø�ìSÛsæ�ìwÙ�ßoÛsà0Ûbâ Ü�â�èéÝ`Þ,ô�Û�Ý0ÚqÚsý�íe_`ù`ð0öNñ6ó	Ý�Ý`ì]â Ü0èéÞ
ÚqÝ0ã�Û�èéÞ�Úqèéà`êwâ�èéÞwâ�Ýeâ�ê%ÛsÚqÛ�æ%è.ú#ÛbØ�ÛbÞ�ûsÛsÚsýgâ�ê�Û�Ü0çéìSÛ»æ%ÝeÝ0á�ä%ê�Ý�â�Ý`ÚvÙ]Þwâ�ê�Ûbâ�èéû»Ü�ç�ç.ÙZÜ�ûbâ�èéßoÛ�Ø Ü`æ]è�Ü�â�èéÝ`Þ
ôjø þ`þ º2ù þ0þ Þ%ã�ýÇwXÜ?4e�»ö�áÿÝ0ØEµ�Ý0Ø�Ý0ã�Ü0Þ%è�áÿÝ�Ø�ÛsÚvâ�îCÜ0Ú�æ%Ûbâ�ÛbØ�ã�èéÞ%Û»æ�Ý0Þ � å�ç.Ù,í»÷�ôvísøH, þ0þ êPö�á^Ø�Ý`ã
â�ê%Û'Ø Üzâ�èéÝ?Ý�á8Ø�Û ¡ Ûsûbâ�Û»æ²Ý ½�Û�ýwÜ�ÚCã�Û»Ü�Úqå%Ø�Û»æ�ÜzâCÚqÛsßoÛbÞ6çéÝwû»Üzâ�èéÝ`Þ�Ú'ÜzØ�Ý`å%ÞPæ�â�ê�Û'â�Ý»îCÛbØ�Ü0ìSÝzßoÛ�â�ê�Û
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Z�[]\Y^`_�a²îBbdcNcYegf ð1hji�kjlmhon2p5q7ir�k1s�t�u2q7iwvjhou"xzy{k2|O} f�~ |5��h*�`q7s]k�vjhj�/kP}�r����Y� ~ k2r�nP}�� ~|5��hg��u1i�u2��k2r�p1x
u1i�h
v|T}�r������ ~ vp5|Ehvj����|Ek1r�nYk1i�n�nYh§ð�p�k1|�p�u1r�v�u�x/|��`h���hwk1r�v/i�h�ñ�i�h
vjh
r�|�hwn�
� ð1hji|,p�twk1s � k1iwvj�
���u{HzW~k���3�H��§�ü��5���u{H���ms�q.p¥�¹��{HzW~k���!� {`v��.sWv ~���pr�H���us�{`v prq.}�~`�uprt��e��pr~k�H�J{Hz#�Jz��P�Wpw�H~W�/���g�V�u�H����u{HzW~k�H~3ý¼�3su~3�Wsutr�W�.t�s[�HzS����{H�u�C�HzW�e�Vz|{�s[�H�J{Hz�suqP�4�
�.�ep��Jpw�£v��.s[��s��W�ut�trzW���HzS�>s��A�H�.z��Jp�}u�.zW~k�� T
� �!s�qP�¢tr�S��zW~k�m� T � �gtrzW��zWtr~���pr�H���H�.z#�Ss�t�pr� {�s��HzS�<�����`{H��q.pr��~`zWq.~`��{H~W�W'!sutw��©��.�u�J{Htwv¢�Vz|{Hpr�
� ~���u{,���.pr���ª�H�.z���p�q.��� pr{Hz|�|�Hpr��q���su~,~`�.���ª�H�.s����H�.z��¹z|�H���ª��su~,prq.~`�Y���WprzWqy�m� ) zW�|�Hpr�uq´ 
� §
� §���Az|{Hz�z|� �Wtr�P� zS�:�(��~k�Hpr�ms��HzW~3����÷ñ�Az|{Hz��u�J��suprqJzS�4��{H���öý�suq.�m�H�Jz��W�u{`{Hz|~`�V��qP� prq.}�sS�usuprt�su�Jt�zzWqJz|{H}uv��ñ�J~`prq.}P�(�y�Ps��Hpr�uq² 
�rµS³
� ���Jz�s[��z|{�su}uzª� pr�J{HqPs�t��.s��`�Hz|{HqJ~m�u��ý ���u{�zSsu���±�����H�.z���u{HzW~k�!~`pr�Hz|~!s[{Hz�~`�J�[��q¢prq¢o1pr}u�J{Hz� 
�rµ�µ��ès�qP�¢ú��P���.z#úA�S��zWq>{�s[�Hpr�m��su~��.~`�Ps�trtrv�q.zW}�s��Hpr�bzs[��qJpr}��y�,{HzSsu���.prq.}��ep�qJpr���.�ñ��s�tr�.zW~,�u�3©&¨
�  ���¨ � ¡uü�s�qP�ª©&¨
� §���¨ � üb¡�@£�.~k�#�Vz|�¹��{Hzm~`�.qJ{Hpr~`zeprq�¤�Jt�su~`z|��s�suq.�H���u{H�u�msuq.p��¹�u{Hz|~k�H~WxA{HzW~`�VzW���Hp���zWtwvy�H�����Hz|{�~`�.qJ{Hpr~`z�x�ý²prq.�|{HzWsu~`zS� ~`�Ps[{H�.twv¶�H�sm�ms�� pr���J� ����¨
� §���¨ � ¾ prq��H�.z#zSs�{Htwv¼�e�u{HqJprq.}���³ þ ¨�¨ PµW¨ þ ¨�¨¢�V��prq��¤�Jt�su~`z|��s4�¹��{HzW~k�Sx¤s����Hz�{���Jp����es�}�{�s��J�.sutJ�JzW��{HzSsu~`zg�y�W�W� {`{HzS���H�S�3s[{��J~�q.zW}�s��Hpr�bz3�usutr�.zW~�prq��H�.zAt�s[�Hzgs����Hz�{Hq.�y��q¢�kµWû þ ¨�¨�P�������.z�� p�� {HqPs�t:�|���J{H~`z!�u�1ý�s��T����{H���msuqJpV�¹�u{Hz|~k�!� pw¸¥z|{HzS��prq4�H�Ps����.pr}��Jz|{g�.sWv
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¡epr�|�HzS�>�H���H�.z,�Ss�q.���yv��yv��|v �Wtr�uq.z ) prqPs
x.���.pr���¢�msWv��.s[��z,{HzW�J�.�|zS��H�Jz#�V���HzWqy�Hp�sut��u���H�Jz#���u{HzW~k���H�mzW�usu�V��{�s��Hz,�H�e�H�.z,z|�
�HzWqy���H�.s����e�u{Hz#zWq.z�{H}uv���su~�sS�usuprt�su�Jt�z���u{!�H�Jz�~`zWq.~`pr�Jt�z#�.zWs�� $ �J�ª�"¢5£ � �1s��.trz#¡ � ûb���g���Jz��Wsutr�W�.t�s[�HzS�¢��s�t��JzW~��u��ý¶�Az|{Hz#�AzWtrt¤��pw�H�.prq�H�Jz�{�suqJ}�z¢�u��¨ �rµ¢�H�)µu� Ãª���u{�� {`v
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pr~W��¥ _���� �kµS³� u¡b������Jz��3o¦��ú��ez|�H�J�
�!�3su~��J~`zS���H���Wsutr�W�.t�s[�HzS��÷ß�¹�u{1�Psutw��©&�J��� {Htrv,prqy�Hz|{H�usutr~D��pw�H�#�.qJ~k��su�.trz�W�uqP� pr�Hpr�uq.~m��È�=�> ©&¨ � ¨ µS�#s�qP�¼��prq.�¶�Jpw{HzW�|�Hpr�uq.~,~`�.���ª�H�.s��,�H�.z���z|�H�����3s�~#~`�N�e�WprzWqy�S�����.zsS�bz|{�s�}�z#�Jpr� {HqPsut:�W�u�J{H~`zW~��u���H�.z��gpr���.s�{�� ~`��q>q
�.���Vz|{�s[���¤�Jt�su~`z|��sesuqP�¤���u{H���ms�q.p:�¹�u{Hz|~k�H~���u{��H�.z��Vz|{Hpr�
�J~��JqP� z|{1�W�uq.~`p��Jz�{�s��Hpr��q�s�{Hz�~`�J�[��q#prq�o1pr}u�J{HzW~� y�rµ ¾ �)suq.�� y��µ ¾ ú�x�{HzW~`�VzW���Hp���zWtwvy�§�zSs�{`©�q.z|�J�`{�sutJ�H�#~k��s��.trzg�W��q.�Jpw�Hpr��q.~!��È�=(¨)©&¨ � ¨ µS���J{HzW�usuprtrzS�m�J� {Hprq.}��H�.zgt�s��Hz�s����Hz|{Hq.�y�uq�s�qP�s[��qJpr}��y�Sx p��e�JtwvJprqJ}��H�Ps[�3�H�.z��3o¦��ú9�ez|�H�.�
�m�W�u�.t���q.�����Vz��.~`zS�m�H���Ss�t��|�.t�s��Hz#÷<�¹��{��H�.zW~`z�Vz|{Hpr�
� ~W�����Jzms��H�e�u~`�.�.z�{Hz�}�zWqJz|{�sutrtwv¼�H�J{Hq.zW�ª�.qJ~k��su�Jt�z�p�qª�H�.z�zSs[{Htwv��e��{Hq.prq.}ª��û þ ¨�¨ 
³ þ ¨u¨�P��xu��pw�H���H�Jz3sS�bz|{�s�}�z3È�=V{HzSs����Jprq.}��eprq.pr���.�F��s�t��JzW~��u�J©&¨ � Ã�Ã
����¨ � ûb u��s[�A³
þ ¨�¨!��p�q��¤�.t�s�~`z|�3s���u{HzW~k��suqP���u��©&¨ � ¾�¾ ����¨ � üy u�!s�{H�u�.q.�ªµS¨
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�Hpr�ez��W�uqP� pr�Hpr�uq.~,��û þ ¨�¨ PµS 
þ ¨�¨m�V������Jz�~`zWqJ~`p��Jtrz��.zSs[� $ �J� zW~��¹�u{��H�Jz!�Vz|{Hpr�
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Z�[d\N^`_�aW¶Bbdc�X`egf�· hji�kjlmh�n1p5q7irKk1s(twu1q7iwvjh�u�xW|5��h%¸�p�t���k1i�n1v
u2r¹r�q7� � h
i�k1|�} f�~ �7q7sdk�vjh
�/k}�r��º�Y� ~ k1rKn»}�¼ ~ �½u2i�u1�©k1r�p¦x
u1i�h
v|�}�r��¾��� ~ �<��|Ek1r�nYk1i�nPnYh · p�k1|�p�u1r�v<u"x½|5��h��©h�k2r`vi�hE¿�i�hvjhjr�|Eh�n �
� · hji|,p�twk1s � k2iwvj�
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Koromani forest,
Unstable conditions (Ri<-0.01)
No rainfall
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Tulasewa Forest,
Unstable conditions (Ri<-0.01)
No rainfall
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Z�[d\N^`_�a�¶7b]c�µ`egÀ k1s xwÁ,�`u1q7is �zÂ qNÃBh
vWu"xWvjhjr`vp � sdh��`hwk2|Iu � |�k2p5r�hwn��gp5|��3|��`h*�KÄ²ÅT¼Æ��hj|5��u�nÇ aj_wÈ�^�È twu1ii�h
v�¿`u2r�n2p5rml · k1sMq�h
v½u � |Ek1p5rKh�n3�gp5|���|5��h�¼/¸�ÅT¼É�©h
|��`u�nWx
u1i3} fz~ �7q7sdk�vjh
�/k}�r��Ê�(Ë�Ì ~ k1rKn�}�¼ ~ �½u2i�u1�©k1r�p�}Or��Ê���j� ~ x
u1i�h
v|��Í����h½vju1sMp�nPsMp5r�h�i�h�¿Ki�hvjhjr�|,v¤hwÎ
q�k2s· k1sMq�h
vj�
�u�1 
�rµ��ösuq.�¢µW¨ � ü��°��z|{Hz��.~`zS�mprqm�H�Jz!�Ss�tr�W�.t�s��Hpr�uq.~3�¹��{��¤�.t�s�~`z|�3s�s�qP�����u{H�u�msuqJpP�¹�u{Hz|~k�H~Wx{HzW~`�VzW�|�Hpr�bz|trvm� ) zW�|�Hpr��q� 
� § � §��������.zA{HzW~`�Jtw�H~��u�P�H�Jz��3o¦��ú¶�ez|�H�.�
�,s�{HzA�.tr�u�`�HzS��su}�suprq.~k���H�J��~`z�u�:�H�.z!ú�����ú)�ez��H�.�
�eprq�o1pr}�� {HzW~g 
�rµW§�� s�qP�4 
�rµW§�úæ�¹��{g�¤�.t�s�~`z|�3s�s�qP�����u{H�u�msuqJpP�¹�u{Hz|~k�H~Wx{HzW~`�VzW�|�Hpr�bz|trvy�����.zg�ez|�H�.�
� ~�~`�J�[�AzS�e}��y�
�4su}�{HzWzW�ezWqy����pr�H�mqJ�#~`pr}uq.pÏ�P�Ss�qy�3�Jpw¸¥z|{Hz|q.�WzW~��5Ð�ÿ¨ � ¨bÃu�1�Vz|�£�AzWzWq�sS�bz�{�su}�z|~����¥÷�x�sutw�H�.�u�.}��#�H�.z3sS�bz�{�su}�z�÷ ���J��s�prq.zS����pw�H�#�H�.z3�3o¦��ú¶�ez|�H�.�
��3s�~3su�V�u�J�3û�Ñ°trzW~`~A�H�.suqe�H�Ps[���u�J��suprqJzS�m��pw�H�e�H�.z�ú��I��ú �ez|�H�.�
��prq��¤�.t�s�~`z|�3s,�¹�u{Hz|~k�S��Ò!q�H�.z����H�.z|{��Ps�qP�¥xJ�H�Jz,�3o¦��ú9�ez|�H�J�
���[�bz|{HzW~k�Hpr�ms[�HzS�>÷·��q¢sS�bz�{�su}�z,�yv�su�V�u�J�#µS§�Ñ s[�g�H�Jz���u{H�u�msuq.pV���u{HzW~k��~`pw�Hz�����.z�su}�{HzWzW�ezWqy���Vz|�£�AzWzWq´�H�.zm�£�A�ª�ez|�H�J�
�J~,�3s�~�trzW~`~�}��y�
� �¹��{��H�.zmprqP� p��
p��J�.sut��.sutw��©�.�u�J{Htwv���s�tr�.zW~�s�~�prqP�Jpr�Ss[�HzS�ª�yv>�H�Jz�t�s�{H}uze~`�Ss��`�Hz�{,p�qªo1pr}�� {HzW~# 
�rµS§��Csuq.�� y�rµS§�úg� ) ���ez�����H�.z¢~`�Ss[�`�Hz|{4��p�trt��.qP� ���J�J�HzS� trv �.s[��z>�VzWzWq±�Wsu�.~`zW�±�
v z|{`{H��{H~�prq9÷Àsu~m�u�J��suprqJzS�±�yv �H�Jzú��I��ú±�ez|�H�J�
�:x �VzW�Ss��.~`z��H�.pr~��ez|�H�J�
�4pr~g�bz|{`v4~`zWq.~`pw�Hpr�bz��H��z�{`{H�u{H~gp�q��ezSsu~`� {HzS��}�{�s��JprzWqy�H~�u�/Óîsuq.��Ô´���gq.}u�.~�s�qP�´¿´s[�`�H~Wx�µW³�ûuüb����Õ�zSsu~`� {HzS� }�{�s�� p�z|q
�H~��u��Ó suqP�¹Ô>��z�{Hz�prq �H�Jz{�suqJ}�zW~3����¨ � ¨ µ� 
¨
� ¨u§oÖ�½æ� Á�� s�qP� ¾  yüN×rµS¨ Á7F »
}#� Á�� x
{HzW~`�Vz|�|�Hpr�bzWtwvy�����.zz�g�u�`{H�uq.pr��~`zWqJ~`�u{H~��z|{Hzg~`�Y���WprzWqy�Htrv�su�W�|�J{�s��Hzg�¹��{A�H�.z��ezSs�~`�J{HzW�ez|q
�����D�H�Jz��Hz|�e�Vz|{�s��H� {Hz3}u{�s�� przWqy�H~��.� ���¹suprtrzS��y�W�Ss�~`p��uqPs�t�twv#prq��H�.z��ezSsu~`� {HzW�ezWqy�:�u�YÔ����V��~`~`pr�.twv,� �.z��H�g�H�Jz¦�Ptw�Hz|{1~`� {`{H���JqP�JprqJ}��H�Jz�~`z|q.~`�u{���x{HzW~`�.tw�Hprq.}mprq¢�.q {HzSsutrpr~k�Hpr���usutr�JzW~�����ý�x:s�qP���H�Jz|{Hz|�¹��{Hz����A÷ s�qP��øPù��g���.pr~!pr~�p�trtr�.~k�`{�s[�HzS�¢prq
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Z�[]\Y^`_�a�¶BbdcjØ�e nTu2�%¿�k1ipåvju1r � h
|��/hwh
r Â qNÃBh
v�u�xWv
hjr`vp � s]h��`hwk1|zk�v�nNhj|�hji�¤p5rKhwn©�gp5|��H|��`h¼/¸�ÅT¼æk2r�nç��Ä²ÅT¼æ�©h
|��`u�n�vwè©k1r�n?k · k1p5s]k � sdhéh
rKh
i,l � u1rçê2Ì2ëBê2ì?í�k � êNìNìmê?k2|o|��`h��u1i�u2��k2r�p�x
u2i�hv|Ivp5|�h��
o1pr}�� {Hz� 
�rµ|ü¶���.z|{Hz��H�Jz�~`zWqJ~`pr�.trz¢�.zSs[��îP� �Jz|~��[�bz|{4s¼�&����©£�JsWv �Vz|{Hpr�
�±s��e�H�Jz½���u{H�u�msuqJp���u{HzW~k�,~`pw�Hz�s[{Hz�~`�J�[��q:�����.z�� pr�J{HqPs�t1�W�u�J{H~`zW~����A�H�.z�sS��s�prt�s��.trz�zWqJz|{H}uvyxV�Hz|�e�Vz|{�s��H� {HzW~�s�qP�{HzWt�s[�Hp���z��
�.�ep��Jpw�HprzW~#��z|{Hz�~`p��eprt�s�{m�uq �V�u�H�)�.sWv ~WxAs�qP� ~`�¼�Az|{Hz��H�Jz�~`zWqJ~`pr�.trz��JzSs���î.�J� zW~�u�J��suprqJzS����pw�H�¼�H�.z��3o¦��úè�ez|�H�J�
�:�%'!�S�AzW�bz|{Sx:�H�.z�ú�����ú �ez|�H�J�
�¢�J{H�[�
p�� zS���.qJ{HzWsutrpr~k�Hp���usutr�.z|~��u�!÷ �J�J{HprqJ}��H�Jzm�e�u{Hq.prqJ}ªs�qP�¶zSs[{Htwv s����Hz�{Hq.�y��q �u�g�H�.z��J{H~k�e�.sWvyx����Jz|{HzSsu~��V�u�H��ez|�H�J�
�J~3�W�u�e�Ps[{HzS�4�AzWtrtD�uq��H�.z�~`z|�W��q.�>�.sWv¼��o1pr}��J{Hz� y��µ|üy������Jz,~k��suqP�Js�{��¢� zW�
p�s[�Hpr��q¢�u���HzW�e�Vz�{�s��H�J{Hz�pr~g�V��~`pw�Hpr�bz,�yv>� z��PqJpr�Hpr�uq¢suq.����p�trt1qJzW�bz|{g�VzLWz�{H�e�J�Jz!�H��prq.~k�`{H�J�ezWqy��sut¥q.�up�~`z�prq��H�Jz!�H�.z�{H�e�y�W���J�.trzI 4�Js���sutr�u}�}�z�{�~kv ~k�HzW�>�(��~3~`�J���4�H�.z�u�J�H�W�u�ez3�u�����y�.s��Hpr��q4 y� ¾ ü,p�~�prq.�Jz|{HzWqy�Htwv�t�s�{H}uz|{A�H�.suq�L|z|{H�J�����JzgprqNîP�.z|q.�Wz3���DprqJ~k�`{H�.�ezWqy��sutqJ��pr~`ze��qH4 6 �msWvª�Vz��W��qJ~`p�� z|{HzS�¶qJzW}�trpr}�pr�.trzmpw�3�HzW�e�Vz|{�s[�H�J{Hz�î.�.�|�H�.s��Hpr��qJ~m��suqP���H�.z|{Hz��¹�u{Hz÷��As[{Hz�t�s�{H}uz�x.�J�J�3�msWve�Wsu�.~`z�suq4����z|{HzW~k�Hpr�ms��Hpr��q��u�1÷<pw�¤�H�.zg�HzW�e�Vz|{�s[�H�J{Hz�{Hz|�msuprq.~A�¹supw{Htwv�W�uq.~k��s�q
����÷æJ ¨�¿ � ÁVÂ ���©ª&q¶�J{�s��|�Hpr�Wz4s>�eprq.pr���J�ï476±�u��¨
� ¨�Ã�Ö�½è�3s�~��u�.~`z|{H�bzW�ª�¹��{�Vz|{Hpr�
� ~!���.zWq¼÷�©&ú��I��ú9�3s�~��Wtr��~`z#�H�¤LWz�{H�J�O��~`~`�J�eprq.}��H�Ps[�!�H�Jz��eprq.pr���.�ð476 �W���Jt��¢�Vz���J��trtwves��`�`{Hpr�J�J�HzS���H��qJ��pr~`z�x
s��eprqJp����.�è��¸¥~`z|���u�:su�V�u�J�²��µS¨!¿ � ÁVÂ �����Jt����Vz3z|� �VzW�|�HzS�¥����Jz�~`zWqJ~`pw�Hp��
pw�£v��u���H�.z#�3o¦��ú �ez|�H�J�
���H�mz|{`{H�u{H~�prq�ñm�3su~��HzW~k�HzS���¹��{��H�.z%����{H���msuqJp1s�qP��¤�Jt�su~`z|��s¢���u{HzW~k��~`pw�HzW~��J~`p�qJ}�§ µ ¾ µ�suqP� µ[Ã ¾ Ã¢§�¨�©��eprq
�J�Hze�Vz|{Hpr�
� ~���pw�H� È�=%>ò�g¨
� ¨
µ�x�� {`v�W�uqP� pr�Hpr�uq.~�suq.�½�á¨ Ãu¨#¿ � Á¥Â ��oJ�u{��V�u�H���.s[��s�~`z|�H~�smµ[Ã�Ñöz|{`{H�u{�prq½ñ�{HzW~`�.tw�HzS�4p�q4z|{`{H��{H~����t�z|~`~g�H�.suq�ü�ÑC�u��sS�bz|{�s�}�z��usutr�.zW~g�u��÷ s�qP������trzW~`~��H�.suq¼µ�� Ã�ÑCprq��H�.�u~`z,�u��øPù�����~�~`�.����H�Jz��.~`z��u��s��W�uq.~k��suqy�%ñPx:prqP� zW�VzWqP� zWqy�����A��prqP�ª�Jpw{HzW�|�Hpr��q:xD�H�4�Ss�t��|�.t�s��Hzm÷���prtrt�q.���,�PsS�bz�Ss��.~`zS��t�s[{H}�z,z|{`{H��{H~gprq��H�Jz��Jz��Hz|{H�eprqPs��Hpr�uq��u��øPùßs�qP��pr~3�H�.z�{Hz|�¹��{HzTó£�.~k�HpÏ�PzW�:�
â�ã&ä�ã�ô õ¶ç(ö�÷òøgö�óbõÝí/öIùVç(ú"ù7ûÜõÝí�ü#ç(ý
§�zWpw�H�.z|{��H�.zg�3o¦��ú �ez|�H�J�
��q.��{A�H�Jz�ú�����ú´�ez|�H�.�
���W�u�.t����J{H�[�
p��Jzgs��W�uq
�Hprq
�.�u�.~��Hp��ez3~`z�©{HprzW~��u�V÷ö�u{AøPù9suq.�#�H�Jzgþ1zWq.�ms�qJ©�Õ���qy�HzWpw�H�#�e�
�JzWtV���(�y�Ps[�Hp��uqeÃy� §��¤�3su~��H�Jz|{Hz|�¹��{Hz3�.~`zS�,�¹��{�H�Jz3�Jz|�Hz�{H�ep�q.s��Hpr��q��u�¥�Jsuprtwv#zW��s��V�u�`{�s�q.~`�.pw{�s[�Hp��uq�{�s��Hz|~��H� {H���J}��.�u�J���H�JzA{HzW~`�VzW�|�Hpr�bzA���.~`z�{H��s[©�Hpr��qm�Vz|{Hpr�
� ~W�(���.�Jtrp��Ws��Hpr��qm�u�¥�H�Jzg�e�
� zWtJ{Hzw�
�Jpw{HzW~A»
q.�S��trzS� }�zg�u�¥�H�.zg~`�J{`�¹su�Wz�{HzW~`pr~k��suqJ�Wz�ÿ��[x���Jp�������s[{HprzW~��V�u�H�¢��pw�H���epr�|{H�u©��ez|�HzW��{H��tr��}upr�Ssut�suq.�¢~`��prt��e��pr~k�H�J{Hz#�W�uqP�Jpw�Hpr��qJ~���Õ���qy�HzWpw�H�:xµW³�¡bÃ 0 ) �
�J�`�Htrz|����{`�H�DxVµW³�û�û�����¿9�.zWqmzW~k�Hpr�ms[�HzW~��u�1øPùès[{Hz�sS��s�prt�s��.trz���� � �1� �
p�s��H�Jz�ú��I��ú)�u{�3o¦��ú)�ez|�H�J�
�J~���xb�H�Jz�þ1z|q.�msuq ©�Õ���qy�HzWpw�H���¹��{H���.t�s��Ss�q��Vz�{HzSs�{`{�s�q.}uzS��s�qP���J~`zS�ep�q
�bz�{H~`zWtwv
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Koromani forest B
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Tulasewa forest A

Z�[d\N^`_�a½¶Bbdc�´`e�f�· hji�kjlmh�n1p5q7irKk1sgtwu1q7iwvjhv�u"x��	�Pp5r�} f�~ �7q7s]k1vjh
�/k�}�r��ï�mêHnNk � v ~ k1r�n}�¼ ~ �½u2i�u1�©k1r�pO}�r��É�m�3nYk � v ~ x
u2i�hv|,vj����|�k2r�nNk2i�n3nNh · p�k2|,p�u2r`v�k2i�u1q7rKn�|��`h½�©hwk1r»k1i�hi�hE¿�i�hvjhjr�|Eh�n �
� |��`h · h
i|�p�twk1s � k1iwvj�
�H��� {H���
p��Jz�z|~k�Hp��ms[�HzW~��u�¦ÿ��[þ

ÿ���ÿ�
���� ×��	�ù �Hÿ��z×���� �� ù ��� � � µ�� �� y� ¾ Ã��
���.z|{HzOÿ��m�msWv¢�Vz��u�J��s�p�qJzS�¢��{H���ñ�ezSsu~`� {HzS�>��prqP�¢~`�VzWzS� ~!�¹��{�»
q.�S��q���s�t��JzW~���������s�qP�©ñ� ) zW���Hp��uq¢ y� §
� §b��s��W�W��{��Jprq.}��H�����y�Ps[�Hpr��q�Ãy� ü �����z|{�su}uz�� pr�J{HqPs�tP�Ps[�`�Hz|{Hq.~��u��ÿ � s[{Hz�~`�J�S��q4prqmo1pr}�� {HzW~3 y�rµ[Ã��²s�qP�m 
�rµSÃuú ���u{��¤�.t�su~`z��3ssuq.�½���u{H�u�msuq.p:�¹��{HzW~k�H~WxV{HzW~`�VzW�|�Hpr�bz|trvy�²ª£q>~`�Jpr�Hz,�����H�Jz,�Jpw¸¥z|{HzWqJ�WzW~�p�q��.zWpr}��y���u���H�.z����u{HzW~k�H~�H�.z�suz|{H�
�
v qPsu�epr�#{HzW~`pr~k��suq.�|zW~���z|{Hz��y�Jpr�Hz�~`pr�ep�t�s[{SxD��pw�H�ª�.sWv
�Hp��ez�sS�bz|{�s�}�zW~,�u��µWü ��µ�����û � ¾ �~�� Á�� suq.��µS§
� Ã
���� 
� ¡b��~�� Á�� s�qP��s[���Hz|{HqJ�y��qm�eprq.pr�ms!���:³ � ü.��� ¾ � û���~�� Á�� suq.��µS¨
�  
����§ � ¾ �~,�>Á��#s����¤�Jt�s�~`z|�3s�s�qP�3����{H���msuqJp����u{HzW~k�H~Wx�{HzW~`�Vz|�|�Hpr�bzWtwvy�>���Jzmz|{`{H�u{H~#prq´sS�bz|{�su}uz�ÿ � su~sm{Hz|~`�.tw�,�u�Az|{`{H�u{H~,�u��µ[Ã�Ññprqª�V���H�*ñ¢s�qP��������z|{Hz�t�z|~`~,�H�.suq ¾ §�Ñ<suq.� µWû�Ññprqª�¤�.t�su~`z��3s�¹��{HzW~k��suqP�¤���u{H���ms�q.pV�¹��{HzW~k�H~WxP{HzW~`�Vz|�|�Hpr�bzWtwvy��(�
�.s��Hpr��q¼ y� ¾ Ã��3su~��.~`zS�4�H�4�Wsutr�W�.t�s[�HzS�©ÿ����¹��{��¤�Jt�s�~`z|�3s4suq.�����u{H�u�msuq.p¥�¹��{HzW~k�H~!��{H���zW~k�Hpr�ms��HzW~g�u��øPù�xPsu~g���J��s�prq.zS����pw�H�>�H�.z,�3o¦��ú²�ez|�H�.�
�¥xPs�qP�>sS�bz|{�s�}�z��Jpr�J{Hq.sut:�W��� {H~`zW~!���ÿ � �¹�u{A�H�.z��£���,�¹��{HzW~k�H~�s�{Hz�~`�.�S��q4p�q4o1pr}�� {HzW~� y��µW¡�� suqP�4 y��µW¡�ú�x {HzW~`�VzW���Hp���zWtwvy�����.z�~`�J{`��s��Wz{HzW~`pr~k��suqJ�Wz��3s�~��Jp�}u�´�J� {Hprq.}��H�Jz�q.pr}u�
�#s�qP�¶�
{H���J�VzS�¼~k�Hz|zW�.twvª~`�.�u{`�Htwv�s����Hz|{#~`�.qJ{Hpr~`zms[���Hz|{���.pr���4pw��{Hz|�msuprq.zS�etr�S�²�.qy�HprtPt�s��Hz�p�qm�H�.z�s����Hz|{Hq.�y�uqD�����.z!�.sWv
�Hpr�ez#��û
þ ¨�¨�©HµS 
þ ¨�¨��P��sS�bz|{�s�}�zÿ����3su~�ü�§J��� ¾ µ[��~�� Á�� prqª�¤�.t�s�~`z|�3sm�¹�u{Hz|~k�SxD��pw�H�¼s4�eprqJp����.�î�u�A§bÃ
����µ�µS�!~�� Á�� prq��H�Jz�e�u{HqJp�qJ}Jx����.z|{HzSs�~4�H�.s��mprq�����{H���ms�q.p��¹�u{Hz|~k�4��su~4�.pr}��Jz|{4s���µuµS§J����µ ¾ ¡��m~m�>Á�����pr�H�æs�eprq.pr���J�°����¡ ¾ ��� ¾ ¨��3~3� Á�� �����.z�~`z|q.~`pw�Hpr� pw�&v����¤�H�Jz��Ssutr�W�Jt�s��HzS�½ÿ����H��z|{`{H��{H~�p�q¤ñmsuq.� ����3s�~�tr�[��x¥��pw�H��z|{`{H�u{H~!�u�gµ[Ã�Ñ prq��V�u�H��ñ>s�qP�!���#{HzW~`�Jtw�Hp�qJ}mp�q�z|{`{H��{H~��u��trzW~`~!�H�.suq¼§�Ñîsuq.�¡�Ñöprq>sS�bz�{�su}�z,�usutr�.z|~3�u�Gÿ���prq¢�D�.t�su~`z|��sesuq.�¤���u{H�u�msuqJp:���u{HzW~k�H~WxJ{HzW~`�VzW�|�Hpr�bzWtwvy�Õ�zSs�~`�J{HzW�ezWqy�H~����V~k�H���ms[��sut
{HzW~`pr~k��suq.�|zW~���pr�H��s��V�u{H�u�ez|�Hz|{�prq��H�Jz��Ss�q.���yv#�u�B���u{H���ms�q.p�¹��{HzW~k�,��Ò!�¥�.s��>xPµS³u³�§b��prqP� pr�Ss��HzS�e�H�Ps[�gÿ �#" �¹�ut�tr�S��zW���H�.z��Jpr�J{Hq.sut¥�W�u�J{H~`z!���Kÿ � x.s�tw�H�.���J}���s���.pr}��Jz|{���s�t��JzW~W� ) �H���ms���s�tJ{HzW~`pr~k��s�q.�WzW~�su�V�[�bz�µ[Ã�¨�¨u¨#~��W�>Á����Az|{Hz��u�.~`z|{H��zS���H�J{H�u�.}��J��� ���H�Jz�SsuqJ���yv��Vz|���u{Hzm~`�.q {Hp�~`z���¡ þ §�¨>�P�!��qH�u�.twv µ[ 
x�µS³u³ µ�x�s[���Hz|{,���Jp����3ÿ��$"!� {H�u�.�VzS��~`�Ps[{H�.twv¼�H�§bÃ�¡J����µS¡u¨b��~�� Á�� s��� yþ ¾ ¨���suq.�m{HzW�ms�prq.zS�e��s�pr{Htwv4�W�uq.~k��suqy���Jq
�Hprt¥s��V���J�!µ[ 
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*: from porometer measurements
---: from TFEB method

B Koromani Forest,
Unstable conditions (Ri<-0.01),

Wind direction N60-200E
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A Tulasewa Forest,
Unstable conditions (Ri<-0.01),

Wind direction N75-225E
From TFEB method
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nE/R              R           A          ETpmLocation, period & data set
        [mm h-1]      [W m-2]        [mm h-1]

Tulasewa forest, Nov ’89 - Nov ’90, Dry conditions
2495(226)474(0.28)0.57Wet season, (8:00-17:00 h)
3576(210)381(0.25)0.44Dry season (8:00-17:00 h)
6071(222)420(0.27)0.50Wet & dry season (8:00-17:00 h)

Tulasewa forest, Nov ’89 - Nov ’90, During rainfall
7680.04(7.2)5.0(0.25)0.18Wet & dry season
3870.05(8.6)6.0(124)119(0.28)0.28Wet & dry season (8:00-17:00 h)
1350.08(5.0)3.6(131)120(0.30)0.30Dry season (8:00-17:00 h)

Koromani forest, Apr ’91 - Sep ’91, Dry conditions
2550(184)321(0.20)0.30Dry season (8:00-17:00 h)

Koromani forest, Apr ’91 - Sep ’91, During rainfall
1430.02(6.2)4.2(0.12)0.08Dry season
680.03(6.6)4.6(71)96(0.15)0.13Dry season (8:00-17:00 h)
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ET/EoEoETDeltaGDeltaSEtEilEiETQPPeriod
[mm day-1][mm day-1][mm][mm][mm][mm][mm][mm][mm][mm]

Whole period
0.944.404.14(-0.1)(0)87713429013012461547Jan 4 - Nov 13, 1990

Wet season
1.064.745.04(-0.2)(0)50868165741163904Jan 4 - May 31, 1990

Dry season
0.803.863.10(0)(0)3015911147198569May 24 - Oct 23, 1990
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:</>=�P1M./,+xbsR<AC+�0�KpE[:<0;Op:9=1+ %'&(�R5OQP,:<ACM./,Bi/,+TKaA*:5=�MJ:LKCM.R5/]W>:HS7+$A*:9B9+�OQM./,M.O�I1O�:9/>=FOp:���M.O�I1OnKC+$OQPr+$A*:<KCI�AC+�0�W1:9/>=F:HS7+$A*:<B5+OQM./,M.O�I1O¥:9/,=XOp:��1M.OXI,O§AC+$-J:LKCM.S7+h)�I1OQMZ=1MmKCM.+�0�:90VOQ+H:90#I�AC+H=�: % R<S5+[y�: % R9I�B9A*:<0#0#-Z:9/>=�W'EhMmKC)
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�� �����������������	��������� !��	"�#�%$&�'��	�(�#)*�+�� *���#,���-�,.���	��#�0/1$��#�# 2���+�3�+���#�	�54 � �#)
,������ *����76���8.�,�#�(���-���9$:���9$ � ���%�;6��#(���� *<>=7 *�#�%$��#($:$���?@�A�� !�A���	�CB(�� |�D�(��� � ��,���E ��	��������<

rsraRn+AlbedoRHmaxRHminTmaxTminYearLocation
[s m-1][s m-1][%][%][C][C]

246 (98)30.8 (24.0)8.0 (3.5)0.18 (0.01)*98 (6)59 (9)28.2 (1.9)17.9 (3.0)1991Nabou Grassland
43 (21)14.1 (8.2)11.4 (3.6)0.10 (0.01)96 (4)66 (11)26.5 (2.1)18.8 (2.0)1990Tulasewa Forest

113 (126)13.5 (7.6)10.5 (3.5)0.13 (0.01)89 (8)61 (11)26.1 (1.9)20.4 (1.5)1991Koromani Forest

+: Daytime values (800-1800 h) in MJ m-2 day-1; *: Wet season 1991
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RainfallI-lossI-lossI-loss
TotalTotalLitterCanopyET/EoEoETETPeriod/YearLocation
[mm][% of P][mm][mm][mm][mm day-1][mm]

Dry Season Estimates
3191225140.264850.97 (0.34)1281991Nabou Grassland
4653151921.114683.95 (1.14)5211990Tulasewa Forest
3173045490.695512.96 (1.14)3821991Koromani Forest
52529501000.875063.3 (-) 4381990Oleolega Forest*

Annual Estimates
1932271593571.0516814.85 (1.56)1772Nov’89-Nov’90Tulasewa Forest
1779291543651990Korokula Forest
1908261553351990Koromani Forest
1798271563380.9416054.1 (-)15121990Oleolega Forest+

*: ET and Eo based on data collected in the period May 24 - October 23, 1990
+: Annual totals of ET, Eo, I-loss, rainfall and runoff obtained by extrapolation from 314 days of data
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ÉU¾@ÂMÑoÇ�Ç�ÁZÂ¤¾@Íp¾�à¡Ç�ÂK¿*Ç�æ�Ç(½1Ç(À�ÊMÑ#ÊKÐ(Ê�Ð�À�Ë¡Á¤Ç�*�È�ÁU¾>È�Á ë Ë�æ¡Ç�Í0ÑoÇ(½ Þ î�í¡í¡õ�Ù { ÁMÆ1ÉkÇ]Ä9ÕkÀ-¾�¿*Ç(Ì]¾XÎ�Ë@½1Ç�¿5Æ
Ö¤À�Ë@ÆKÌrÉ¤Ç,½1ÇpÆ*½1Ç(Ç�Â�Ç�Á¤¿*ÈfÆ!Ê�Ì8¾@¿C½1Ç�ÂkÕkÐ�Ç�Â©Ñ#Êz¿*Ë¡Í:Ç,+�õ d Æ1ÉkÈ�¿K½1Ç�¿*ÕkÀfÆ1Ç�Â©È�Á&Í0Õ¤Ð�É"ÉkÈ�à¡É¤Ç,½M¿*Ë@È�À
Í:Ë¡È�¿5Æ1Õk½1Ç:À�Ç�æ¡Ç�À�¿MÆ1Ék½1Ë@Õ¤à@É¤Ë¡Õ�ÆCÆ1É¤Ç�Â�½*Ê�¿*Ç�¾@¿*Ë@Á�Ë@Î}î�í@í�î�Ð�Ë¡Í:Ö¤¾�½1Ç�ÂzÆ1Ë©î�í¡í@õ&×ôè%Ètà@Õk½1Ç�Ý�Ù Ø�È�Á*�Ç�Ð,Æ1ÈtË@Á�Ý�Ù Ø Û Ù�yÊ�Ð�À�Ë¡ÁkÇ"Âk¾@Íp¾@à@Ç+Ì]¾@¿'ÀtÇ(¿*¿'È�Á[Ü}Ë@½1Ë@ì�ÕkÀt¾£¾�ÁUÂuÜ}Ë�½1Ë¡Íp¾@ÁkÈQÎ�Ë@½1Ç�¿5Æ1¿ Þ É¤Ë�Ì8Ç�æ¡Ç(½ Þ ¾�ÁUÂuÁkË
¿*Õ¤Ð�É�ÂkÈfð	Ç(½1Ç�ÁkÐ�Ç�¿KÈ�Á£Í:È�ÁkÈtÍMÕ¤Í ¿*Ë@È�À]Í:Ë¡È�¿5Æ1Õk½1ÇpÀ�Ç�æ�Ç�À�¿MÑoÇ(Æ2Ì�Ç�Ç�Á©Æ1É¤Ç�Ök½1Ç,ÓX¾�ÁUÂ&ÖoË¡¿5Æ*ÓAÐ(Ê�Ð�À�Ë¡ÁkÇ
Â�½*Êz¿*Ç�¾�¿*Ë¡Á¤¿KÌ8Ç(½1ÇpË@Ñ¤¿*Ç(½1æ�Ç�Â�Æ1É¤Ç(½1Ç@Ù+Ä8É¤Ç:½1Ç�Àt¾�Æ1Ètæ¡Ç�ÀfÊ©Àt¾�½1à@Ç�½1Ç�Â�Õ¤Ð(Æ1È�Ë@Á©È�Á�ÃyÄ Ë¡Ñk¿*Ç(½1æ�Ç�Â�Î�Ë@½
Æ1É¤ÇMÜ}Ë@½1Ë¡ì�ÕkÀ-¾�ÎäË@½1Ç(¿5ÆMÖkÀ�Ë@ÆKÈ�Á�î�í@í�îpÐ�Ë@Õ¤ÀtÂ�Ö¤¾�½*Æ1ÀfÊzÑoÇ:¾�Æ*Æ*½1È�ÑkÕkÆ1Ç�Â3Æ1Ë�ÂkÈfð	Ç(½1Ç(Á¤Ð�Ç�¿CÈ�Á�½�¾�È�ÁkÎ�¾�À�À
¾@Í:Ë@Õ¤Á#Æ1¿QÑoÇ,Æ2Ì8Ç(Ç�ÁzÆ1ÉkÇK½1Ç(¿*ÖoÇ�Ð(Æ1È�æ�Ç0ÖoÇ,½1ÈtË�Â�¿�Ù i Ë�Ì8Ç(æ�Ç(½ Þ Æ1É¤ÇCÎ�¾�Ð(Æ}Æ1ÉU¾�ÆXÍ:Ë¡È�¿5Æ1Õ�½1ÇM¿5Æ*½1Ç�¿*¿XÌ8¾@¿
Ë¡Ñk¿*Ç(½1æ�Ç�ÂZÂ�Õk½1È�Á¤àDÆ1É¤Ç8½�¾�Æ1É¤Ç(½_Ì8Ç(ÆyÂ�½*Ê0¿*Ç�¾�¿*Ë¡Á:Ë�Î;î�í¡í@õ:×ô¾@¿_ÈtÁ¤ÂkÈ�Ð�¾�Æ1Ç�Â0Ñ#ÊKÈtÁkÐ(½1Ç�¾�¿*Ç�ÂZÀ�È�Æ*Æ1Ç,½yÎä¾@À�À-�*�Ç�Ð,Æ1ÈtË@Á©î�å#Ù Ú�Ù�î Û,Þ Ñ¤Õ�ÆDÁ¤Ë@Æ>ÂkÕ�½1È�Á¤àZÆ1ÉU¾�ÆDË@Îrî�í@í�î Þ ÌrÉkÈ�Ð,É�Ì8¾@¿>ÍMÕ¤Ð�É�Â�½1ÈtÇ,½ Þ ¿*Õ¤à@à¡Ç�¿5Æ1Ç�Â�Æ1É¤¾�ÆQ¾
½1Ç�ÂkÕkÐ(Æ1È�Ë¡Á�ÈtÁ�ÃyÄ^¾@¿D¾M½1Ç(¿*Õ¤ÀfÆDË@Î�Ð(Ê�Ð�À�Ë¡ÁkÇCÂ¤¾�Íp¾@à¡Ç>ÉU¾¡Â�Ë#Ð�Ð�Õk½*½1Ç�Â�¾�Æ]Æ1ÉkÈt¿r¿*ÈfÆ1ÇC¾@¿rÌ8Ç(ÀtÀ�Ù��Ë¡Í:Ö¤¾�½1È�¿*Ë¡Á£Ë@ÎDÆ1É¤Ç�Ök½1Ç,Ó!Ð,ÊkÐ(ÀtË@Á¤Ç�Â�½*Ê"¿*Ç�¾@¿*Ë@Á|Ã_Ä Ë@ÎXé>À�Ç�Ë¡À�Ç�à¡¾zÎ�Ë@½1Ç�¿5Æ:ÌrÈfÆ1É&Æ1É¤Ç�ÖoË¡¿5Æ*Ó
Ð(Ê�Ð�À�Ë¡ÁkÇ"Ã_Ä È�Á^Ü}Ë@½1Ë¡Íp¾�Á¤È>Î�Ë@½1Ç�¿5Æ©×äÌrÉ¤È�Ð,É^Ì]¾�¿�¿*È�Í:È�À-¾�½+È�Á^¿5Æ*½1Õ¤Ð(Æ1Õ�½1Ç Û ¿*Õkà¡à@Ç�¿5Æ1Ç�Âó¾uî�õ d
½1Ç�ÂkÕkÐ(Æ1È�Ë¡Á�È�Á�Ã_Ä[¾@¿r¾K½1Ç(¿*Õ¤ÀfÆrË@Î%Â¤¾@Íp¾�à¡Ç}¾/.:È�Ð(Æ1Ç�Â�Ñ�ÊpÐ,ÊkÐ(ÀtË@Á¤Ç�*�È�ÁU¾�Ù_Ä8ÉkÇ}¾@Ð,Æ1ÕU¾@Ào½1Ç�Â�Õ¤Ð(Æ1È�Ë@Á
Íp¾�ÊMÉ¤¾�æ�Ç8ÑoÇ�Ç�Á0¿*Ë¡Í:Ç(ÌrÉ¤¾�ÆyÉ¤È�à¡ÉkÇ(½8¾�¿�Ã ê È�Á'î�í@í¡õXÌ]¾�¿yÀ�Ë�Ì8Ç(½yÆ1ÉU¾�ÁMÆ1ÉU¾�Æ�ÎäË@½yÆ1É¤Ç]Ð�Ë�½*½1Ç�¿*ÖoË¡Á¤Â�Ó
È�Á¤àZÖoÇ(½1È�Ë�Â'È�Ázî�í¡í�îp×äÆ�¾@ÑkÀtÇCí�Ù å Û Ù

{ Á#Æ1Ç(½1Ð(Ç�ÖkÆ1È�Ë¡ÁKÀ�Ë¡¿*¿*Ç�¿�Î�½1Ë@ÍóÆ1É¤Ç�Ð�¾@ÁkË¡Ö#ÊKÂkÇ�Ð,½1Ç�¾@¿*Ç�Â0¾�Æ_¾@À�À�¿*ÈfÆ1Ç�¿r×0*�Ç�Ð,Æ1ÈtË@ÁZÝ�Ù + Û,Þ ¾�¿_È�Á¤ÂkÈ�Ð�¾�Æ1Ç�Â
Ñ#Ê0Æ1É¤ÇDÀt¾�½1à@Ç(½D¾@Í:Ë@Õ¤Á#Æ1¿yË�Î9½1Ç�Àt¾�Æ1Ètæ¡ÇQÆ1Ék½1Ë@Õ¤à@ÉkÎ�¾�À�ÀoÐ�Ë¡À�À�Ç�Ð(Æ1Ç�Â�ÂkÕ�½1ÈtÁkà}Æ1É¤ÇDÖoË¡¿5Æ*ÓAÐ(Ê�Ð�À�Ë¡ÁkÇ>ÖoÇ(½1È�Ë�ÂEÙ
Ä8É¤ÇCÀt¾�½1à@Ç�¿5Æ}Â�Ç�Ð(½1Ç�¾�¿*ÇKÌ8¾@¿>Ë@Ñ¤¿*Ç(½1æ¡Ç�Â+¾�ÆQÜ}Ë@½1Ë@ì�ÕkÀt¾:Î�Ë@½1Ç�¿5Æ Þ ÌrÉ¤Ç(½1ÇCÆ1É¤Ç}Ë@Ñ¤¿*Ç(½1æ�Ç�Â+¾@Í:Ë¡ÕkÁ#ÆQË�Î
Æ1Ék½1Ë@Õ¤à¡É�Î�¾�ÀtÀ7È�Á¤Ð(½1Ç�¾�¿*Ç�Â�Î-½1Ë¡Í á¡á d Ë@Î;Æ1Ë@Æ�¾�À7½�¾�ÈtÁ�Î�¾�ÀtÀ9ÂkÕ�½1ÈtÁkà0Æ1É¤Ç>Ök½1Ç(ÓAÐ(Ê�Ð�À�Ë¡ÁkÇ}ÖoÇ(½1È�Ë�Â�Æ1Ë1�¡á d
ÂkÕ�½1ÈtÁkà>Æ1É¤ÇrÖoË@¿5Æ*Ó!Ð,ÊkÐ(ÀtË@Á¤ÇrÖoÇ(½1È�Ë�ÂEÙ_â8ÆyÄ9ÕkÀ-¾�¿*Ç(Ì]¾}ÎäË�½1Ç�¿5Æ�½1Ç(À-¾�Æ1È�æ�ÇDÆ1É�½1Ë¡Õkà¡ÉkÎä¾@À�ÀUÈ�Á¤Ð,½1Ç�¾@¿*Ç�ÂZÎ-½1Ë¡Í
á@í d Æ1Ë2��Ø d Ë�Î7Æ1Ë�Æ�¾@À¤½�¾�ÈtÁ�Î�¾�ÀtÀ�Ù ë Ë}Ö�½1Ç(ÓAÐ(Ê�Ð�À�Ë¡Á¤ÇDÍ:Ç�¾�¿*Õk½1Ç�Í:Ç�Á#Æ1¿�ÉU¾@Â:ÑoÇ�Ç�ÁpÍp¾¡Â�ÇQÂ�Õk½1È�Á¤àXÆ1ÉkÇ
î�í@í¡õXÌ8Ç(Æy¿*Ç�¾�¿*Ë¡ÁpÈ�ÁZÆ1É¤Ç]Ü}Ë@½1Ë@Íp¾@ÁkÈkÎäË�½1Ç�¿5Æ8ÖkÀ�Ë@Æ Þ ¾�ÁUÂMÆ1ÉkÇDË@Ñ¤¿*Ç(½1æ¡Ç�Â3��å d Ë�ÎoÆ1Ë@Æ�¾�ÀoÂ�½*ÊM¿*Ç�¾@¿*Ë@Á
½�¾@È�ÁkÎä¾@À�À¤È�Á�î�í¡í@õ0ñ�� ò í ï í �@Ú d Ë@ÎUÖoË¡¿5Æ*ÓAÐ(Ê�Ð�À�Ë¡ÁkÇ�½�¾@È�ÁkÎä¾@À�ÀUÍp¾�ÊCÁ¤Ë�Æ_¾@Ð�Ð(Õk½�¾�Æ1Ç(À�ÊK½1Ç(j¤Ç�Ð(Æ�Æ1É¤Ç8Ç,ð	Ç�Ð(ÆË@Î	Ð(Ê�Ð�À�Ë@Á¤Ç)*�È�ÁU¾�Ù i Ë�Ì8Ç(æ�Ç(½ Þ Æ1ÉkÇDÂkÇ�Ð(½1Ç�¾@¿*ÇDÈtÁ:È�Á#Æ1Ç(½1Ð�Ç(ÖkÆ1È�Ë¡ÁZÀ�Ë@¿*¿�Î�½1Ë@Í Æ1ÉkÇrÐ�¾@ÁkË¡Ö#ÊMÌ8¾@¿yÖU¾�½*Æ1ÀfÊ
Ð�Ë¡Í:ÖoÇ(Á¤¿1¾�Æ1Ç�Â�Ñ�Ê'É¤È�à¡ÉkÇ(½XÈ�Á#Æ1Ç(½1Ð�Ç(ÖkÆ1È�Ë¡Á3È�Á+Æ1É¤ÇCÀ�È�Æ*Æ1Ç,½XÀt¾�Ê#Ç(½ Þ ÌrÉ¤È�Ð�É3ÈtÁkÐ(½1Ç�¾�¿*Ç�Â3Î-½1Ë¡Í í�Ù í d Æ1Ë
î¡î@Ù Ý d Ë@Î7Æ1Ë@Æ�¾�À	½�¾�È�ÁkÎ�¾�À�À7È�Á�Ü}Ë@½1Ë¡ì�ÕkÀ-¾}ÎäË�½1Ç�¿5Æ Þ ¾@ÁUÂ:Î�½1Ë@ÍÅí�Ù Ø d Æ1Ë�î�õ�Ù Ø d È�Á�Ä9Õ¤Àt¾�¿*Ç(Ì]¾CÎäË@½1Ç(¿5Æ�Ù
m ÇK¾�½1ÇCÁkË@Æ}¾�Ì8¾�½1ÇKË@Îy¾@Á#Ê�Ë�Æ1É¤Ç(½>¿5Æ1ÕUÂ�ÈtÇ(¿QÈ�Á+Æ1É¤ÇCÀ�ÈfÆ1Ç(½�¾�Æ1Õ�½1ÇK½1Ç�ÖoË�½*Æ1È�Á¤à:Æ1É¤ÇCÇ(ð	Ç�Ð,Æ1¿QË�ÎyÎ�Ë@½1Ç�¿5Æ
ÂkÈ�¿5Æ1Õk½1Ñ¤¾@ÁkÐ�ÇXÑ#ÊpÆ*½1Ë¡Ö¤È�Ð�¾�À7Ð,ÊkÐ(ÀtË@Á¤Ç�¿DË¡Á�½�¾@È�ÁkÎä¾@À�À%È�Á#Æ1Ç(½1Ð�Ç�Ö�Æ1È�Ë¡Á�Ë�½DÎ�Ë@½1Ç�¿5ÆDÇ�æ@¾@ÖoË�Æ*½�¾@Ák¿*Ö¤Èf½�¾�Æ1È�Ë¡ÁEÙ
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ø:jz¥<ø ù °'ª�¬]«lk[mqü>ª8¯�«'°
{ Á}Æ1É¤Ç_ÎäË@ÀtÀ�Ë�ÌrÈ�Á¤à}¿*Ç�Ð,Æ1ÈtË@Á¤¿_¾>Â�Ç�¿*Ð(½1È�ÖkÆ1È�Ë@Á0Ë@ÎkÆ1É¤Ç�¾@ÑoË�æ�Ç(ÓAà@½1Ë@Õ¤Á¤ÂKÑkÈtË@Íp¾@¿*¿%Ë�ÎUÆ1É¤Ç ë ¾�ÑoË¡ÕKà@½�¾@¿*¿5Ó
Àt¾@ÁUÂ�¿*ÈfÆ1Ç0¾@ÁUÂ�ÈfÆ1¿>¾@¿*¿*Ë#Ð�Èt¾�Æ1Ç�Â�Á�ÕkÆ*½1È�Ç�Á#ÆQÐ�Ë¡Á#Æ1Ç�Á#ÆDÌrÈtÀ�À;ÑoÇKà¡È�æ�Ç�Á+Æ1ËpÈ�À�ÀtÕk¿5Æ*½�¾�Æ1ÇKÆ1É¤ÇCà@½�¾�¿*¿*À-¾�ÁUÂ Þ
ûAs � s Æ1ÉkÇ:Ök½1Ç(ÓAÖ¤Àt¾�Á�Æ1È�Ákà Þ ¿*ÈfÆ1ÕU¾�Æ1ÈtË@Á7Ù { Á"¿*Õ¤Ñ¤¿*Ç�Ô�ÕkÇ�Á#ÆKÐ,É¤¾@ÖkÆ1Ç,½1¿KÎ�Ë@½1Ç�¿5Æ:ÑkÈ�Ë¡Íp¾@¿*¿M¾@Á¤Â©Á�ÕkÆ*½1È�Ç�Á#ÆÐ�Ë¡Á#Æ1Ç�Á#Æ Þ ¾@¿8Ì�Ç�À�À9¾�¿]½�¾�Æ1Ç�¿rË@Î%Á�Õ�Æ*½1È�Ç�Á#Æ1¿8È�Á¤Ö¤Õ�Æ1¿ Þ ÈtÁ#Æ*½�¾�Ó!¿5Ê�¿5Æ1Ç�Í Ð(Ê�Ð�À�ÈtÁkà Þ ¾@Á¤Â�Ë¡Õ�Æ1Ö¤Õ�Æ1¿�ÌrÈ�ÀtÀ7ÑoÇ
ÂkÈ�¿*Ð�Õk¿*¿*Ç�ÂEÙ

ø:jz¥�¦ � ¯�2�<k ¨p°nkpo^¨,q|«�¬]¨0ª8«�¬8´ � ¬]«�ü}�k[m©¬]C®
Ã_¿5Æ1È�Íp¾�Æ1Ç�¿QË�Î�Æ1É¤ÇKÂkÇ�¾@Â+¾@Á¤Â�ÀtÈ�æ�ÇK¿5Æ�¾@Á¤ÂkÈ�Á¤à:Ð,½1Ë¡Öz¾�ÆDÆ1É¤Ç ë ¾�ÑoË¡Õ+à�½�¾@¿*¿*Àt¾@Á¤Âz¿*ÈfÆ1ÇCÌ8Ç(½1ÇKÍp¾¡Â�Ç
¾�ÆXÆ1ÉkÇZÇ�Á¤ÂzË�Î]è¤Ç�Ñ�½1ÕU¾�½*Ê�×�à@½1Ë�ÌrÈ�Á¤à�¿*Ç�¾�¿*Ë¡Á Û Ñ�Ê3Ð(ÀtÇ�¾�½1È�Á¤à+¾�Á©¾�½1Ç�¾�Ë�ÎDåsr�îZÍ n Þ ¾@Á¤ÂzÈ�Á � ¾�Ê
î�í@í�î�×�¿5Æ�¾�½*Æ:Ë�ÎQÆ1ÉkÇ'Â�½*Ê©¿*Ç�¾�¿*Ë¡Á Û Ñ#Ê"Ð�À�Ç�¾�½1È�Á¤à"¾@ÁkË@Æ1É¤Ç,½:Útr�î�Í n Ù�âQÀ�À8æ�Ç(à¡Ç(Æ�¾�Æ1ÈtË@Á£Ì8¾@¿ZÐ(ÕkÆ
¾�ÆDà@½1Ë@Õ¤Á¤Â�À�Ç�æ�Ç�À9¾�Î-Æ1Ç(½QÌrÉkÈ�Ð,É�À�ÈfÆ*Æ1Ç(½DÀt¾�Ê#Ç(½Q¾@Á¤Â'à@½1Ç�Ç(Á�Ö¤Àt¾@Á#Æ1¿C×�È�Á¤Ð�À�Õ¤ÂkÈ�Á¤à:¾�Á#Ê�Â�Ç�¾¡Â�Íp¾�Æ1Ç(½1Èt¾@À
¿5Æ1È�ÀtÀ�¾�Æ*Æ�¾�Ð,ÉkÇ�Â"Æ1Ë�Æ1É¤Ç:ÖkÀ-¾�Á#Æ1¿ Û Ì�Ç(½1Ç�¿*Ç�ÖU¾�½�¾�Æ1Ç�Â&¾�ÁUÂ"ÖkÕkÆKÈ�Á©Ök½1Ç(ÓôÌ�Ç�È�à¡É¤Ç�Â©Ö¤Àt¾@¿5Æ1È�Ð�ÑU¾@à@¿KÎ�Ë@½
Æ*½�¾@Ák¿*ÖoË@½*Æ�Ù ë Ë0¾�Æ*Æ1Ç�Í:Ö�Æ]Ì]¾@¿DÍp¾¡Â�ÇQÆ1ËZ¿1¾�Í:Ö¤À�ÇXÆ1É¤Ç>ÑoÇ�À�Ë�Ì�à@½1Ë@Õ¤Á¤Â�ÓAÑ¤È�Ë¡Íp¾�¿*¿�Ùyè%ÈtÇ(À-Â�Ì8Ç�È�à¡É#Æ1¿
Ì8Ç(½1Ç}½1Ç�Ð(Ë@½�ÂkÇ�Â'ÌrÈ�Æ1ÉkÈ�Á+¾0ÎäÇ(ÌóÉ¤Ë@Õk½1¿Q¾�Î�Æ1Ç,½>¿1¾�Í:Ö¤À�È�Á¤àZÌrÈfÆ1É3¾,*k¾�½*Æ1Ë@½1È�Õ¤¿DÇ�À�Ç�Ð(Æ*½1Ë@Á¤È�ÐKÌ�Ç�È�à¡ÉkÈtÁkà
¿*Ð�¾@À�Ç�¿QÐ�¾@Ö¤¾@ÑkÀtÇKË@Î�Ì�Ç�È�à¡É¤È�Ákà�Ý�î�õ@õpà:ÌrÈfÆ1É3¾@Á3¾�Ð�Ð�Õ�½�¾@Ð(Ê'Ë@Îyõ�Ù�îKàkÙDâDÀtÀ9Â�½*Ê�Ì8Ç�È�à@É�Æ1¿D½1Ç(ÎäÇ,½*½1Ç�Â
Æ1Ë}È�Á0Æ1É¤È�¿_Ð,É¤¾@ÖkÆ1Ç,½yÌ�Ç(½1ÇrË¡ÑkÆ�¾�È�Á¤Ç�Â:¾�Î�Æ1Ç(½8Â�½*Ê�È�Á¤à}Ë@ÎoÆ1ÉkÇr¿1¾@Í:Ö¤À�Ç�¿_È�Á:¾@Á:Ë�æ�Ç(Á Þ Íp¾@ÂkÇr¾�æ¡¾�È�À-¾�Ñ¤À�Ç
Ñ#Ê�Ä uDé Ò { Ü m Ë#Ë�Â { ÁUÂkÕk¿5Æ*½1È�Ç�¿ v Æ�Â	ÙU¾�ÆXá�õsv/�|ÎäË�½X¾�ÆQÀ�Ç�¾�¿5ÆQÚZÂ¤¾�Ê�¿�Ù
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Ý@õ¡ík×0�Mî�í¡õ Û ì�à:ÉU¾ ��� ì�à:É¤¾ ��� È�Á � ¾�Ê Þ î�í@í�î@Ù>Ä8ÉkÇMÖ�½1Ë�ÂkÕkÐ(Æ1È�æ�ÈfÆ!Ê'Ë�Î ë ¾@ÑoË@Õ+à@½�¾@¿*¿*Àt¾�ÁUÂ�Ì]¾�¿
î��¡õ¡í�ì�à�É¤¾ ��� ÂkÕ�½1ÈtÁkà�Æ1ÉkÇZá�Ý�Ó!Â¤¾�Ê3ÖoÇ(½1È�Ë�Â	Ù Ò ½1Ë�Â�Õ¤Ð(Æ1È�Ë¡Á3½�¾�Æ1Ç(¿}Ë@Î8Í:È�¿*¿*È�Ë¡Ázà@½�¾�¿*¿C¾@Á¤Â ë ¾¡Â�È
ÑkÀtÕkÇ8à@½�¾�¿*¿Q×äÌrÉkÈ�Ð,É0¾@Ö¤ÖoÇ�¾�½1Ç�ÂM½1Ç(Ð�Ç�Á#Æ1ÀfÊMÈ�ÁKÆ1É¤Ç8à�½�¾@¿*¿*Àt¾@Á¤Âk¿�ÁkÇ�¾�½ ë ¾¡Â�ÈkÑkÕkÆ;É¤¾@¿�Á¤Ë�Æ;Ê#Ç(Æ�¿*Ök½1Ç�¾¡Â
Æ1ËCÆ1É¤Ç ë ¾�ÑoË¡Õ�¾�½1Ç�¾ Û ¾�½1ÇQà¡È�æ�Ç�Á�È�Á�Ä%¾@ÑkÀtÇKî�õ�Ùtî@ÙyÄ8É¤Ç�¿*ÇXÖ�½1Ë�ÂkÕkÐ(Æ1È�Ë¡Á:½�¾�Æ1Ç�¿yÌ8Ç(½1ÇQÍ:Ç�¾@¿*Õ�½1Ç�Â:Ë¡Á
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TotalDecNovOctSepAugJulJunMayAprMarFebJan

6646475500225198190190220109010851100850523Mission grass
54964254502001801761752006008401000775475Nadi blue grass

Æ*½1Èt¾@À�Ö¤À�Ë@Æ1¿p×ôí�Í n�Û Ç�¾�Ð,É"¾�ÆCÆ1É¤ÇMÁ¤Ç�¾�½1Ñ�Ê¨*�È�à�¾�Æ1Ë@ì¡¾~uQÇ�¿*Ç�¾�½1Ð�É©��Ç�Á#Æ1Ç(½K¾�Æ ë ¾@Ð(Ë#Ð�Ë¡À�Ç�æ�Õ7Ù�Ä8ÉkÇ
Ök½1Ë�Â�Õ¤Ð(Æ1È�æ�ÈfÆ2ÊZÌ8¾@¿]É¤È�à@É¤Ç�¿5ÆDÂ�Õk½1È�Á¤àCÆ1É¤ÇDÌ8Ç(Ær¿*Ç�¾�¿*Ë¡Á©× � Ç�Ð�Ç�ÍMÑoÇ(½ b�� ¾�Ê Û ÌrÈfÆ1É�¾CÊ�ÈtÇ(À-ÂpË@Î;Ø�î�å@Ú
ì�à+ÉU¾ ��� ¾�¿0Ð�Ë@Í:ÖU¾�½1Ç�Â&Æ1Ë&î�Ø¡å@Ú3ì�à3ÉU¾ ��� Â�Õk½1È�Á¤à+Æ1ÉkÇ'Â�½*Ê©¿*Ç�¾�¿*Ë¡Á7Ù©Ä8É¤Ç�Ök½1Ë�Â�Õ¤Ð(Æ1È�æ�ÈfÆ2Ê©Ë�Î
Æ1É¤Ç ë ¾@ÑoË¡Õ"à@½�¾@¿*¿*Àt¾�ÁUÂ&È�Á � ¾�½1Ð�É&¾@Á¤Â&âQÖk½1È�Àrî�í@í�îz×5î�á@Ø@õ+ì�à+ÉU¾ ��� Û Ì]¾�¿0¿*Ë¡Í:Ç,ÌrÉU¾�ÆMÀ�Ë�Ì8Ç(½
Æ1ÉU¾�ÁzÆ1ÉkÇZÐ�Ë@½*½1Ç(¿*ÖoË¡ÁUÂ�È�Á¤à�æ@¾@À�Õ¤Ç'×Aå�î��@õ�ì�à'ÉU¾ ��� Û à@È�æ�Ç�Á"È�Á"Ä%¾@ÑkÀtÇ�î�õ�Ù�î¡Ù�Ä8ÉkÇ:Ök½1Ë�Â�Õ¤Ð(Æ1È�æ�ÈfÆ2Ê
Ë@Î]Æ1ÉkÇ�à�½�¾@¿*¿Mæ�Ç�à¡Ç,Æ�¾�Æ1È�Ë¡Á©Ì8¾@¿0ÉkÈ�à¡É¤ÀfÊ"æ¡¾�½1È-¾�Ñ¤À�Ç�¾@Á#Ê�Ì]¾�Ê�ÈtÁB* m ý ÈfÆ1È v Ç�æ�Õ Þ Â�Ç�ÖoÇ�Á¤ÂkÈ�Á¤à+Ë@Á
Æ1É¤ÇC¿*ÈfÆ1Ç0Ô#Õ¤¾@À�ÈfÆ2Ê Þ ¾�ÁUÂ�Æ1É¤Ç|�¤à¡Õk½1Ç(¿QÖ�½1Ç�¿*Ç�Á#Æ1Ç�Â�É¤Ç,½1ÇKÎ�Ë@½ ë ¾@ÑoË@Õzà�½�¾@¿*¿*Àt¾@Á¤ÂzÍp¾�Ê�ÑoÇK¾@¿*¿*Õ¤Í:Ç�Â
½1Ç�Ök½1Ç(¿*Ç�Á#Æ�¾�Æ1È�æ�ÇZ× � ½�Ù¤Ä>Ù Ä>Ùªu>¾�Ì8¾¡Ô�¾ Þ ÖoÇ(½1¿�ÙkÐ�Ë¡Í:Í�Ù Û Ù

Ä8É¤ÇQ¾�æ�Ç(½�¾�à¡ÇDà@½�¾�æ�ÈtÍ:Ç,Æ*½1ÈtÐDÍ:Ë¡È�¿5Æ1Õ�½1ÇDÐ(Ë¡Á#Æ1Ç�Á#Æ�Ë�Î7Æ1ÉkÇrà@½�¾@¿*¿8¾�Æ_Æ1É¤Ç ë ¾@ÑoË@Õ:¿*ÈfÆ1Ç>Â�Ç�Ð(½1Ç�¾�¿*Ç�Â
Î�½1Ë@Í�å@Ø�î d Ë�ÎDÂ�½*ÊzÌ8Ç�È�à¡É#ÆMÈ�Á�è¤Ç�Ñk½1Õ¤¾�½*ÊzÆ1Ë"î�Ø<� d È�Á � ¾�Ê Þ ÖoË¡¿*¿*È�Ñ¤ÀfÊ"½1Ç,jUÇ�Ð(Æ1È�Ákà+ÈtÁkÐ(½1Ç�¾�¿*Ç�Â
Í:Ë¡È�¿5Æ1Õk½1Çy¿5Æ*½1Ç�¿*¿]× õ�÷�s *�Ç�Ð,Æ1ÈtË@Á:Ø#Ù Ú Û Ù�Ä8É¤Ç8ÂkÇ�Ð(½1Ç�¾@¿*Ç8È�Á0Í:Ë@È�¿5Æ1Õk½1Ç�Ð(Ë¡Á#Æ1Ç�Á#Æ%Ì]¾�¿;À�Ç�¿*¿;Ök½1Ë@Á¤Ë¡ÕkÁ¤Ð�Ç�ÂÎäË�½DÆ1ÉkÇXË@Æ1ÉkÇ(½D¿*ÖoÇ�Ð�È�Ç�¿K×5î�Ø�í d ñ û¬«�s î�Ú¡Ú dZÛ Ù

Ä8É¤Ç0Íp¾@¿*¿XË�Î8À�ÈfÆ*Æ1Ç(½C¿5Æ�¾@Á¤ÂkÈ�Á¤à�Ð(½1Ë¡ÖzÌ]¾�¿Zî�õ�Ø<��î¡×0�Mî�+�Ý Û ì�à�ÉU¾ ��� È�Á�è¤Ç�Ñk½1Õ¤¾�½*Ê3¾�ÁUÂ3ÉU¾@Â
ÂkÇ�Ð,½1Ç�¾@¿*Ç�ÂpÆ1ËZÝ��¡Ý¡í�×0�Mî�õ@Ú�Ø Û ì�àMÉ¤¾ ��� È�Á � ¾�Êzî�í¡í�î¡Ù � Ë¡¿5ÆDË@Î%Æ1ÉkÇ>à�½�¾@¿*¿DÂkÈ�Ç�Â�ÑoÇ(Æ2Ì�Ç�Ç�Á � ¾�Ê
¾@Á¤Â~}¡ÕkÀfÊ'¾�ÁUÂpÆ1É¤Ç � ¾�Ê�Ç�¿5Æ1È�Íp¾�Æ1Ç>Ë@Î;À�ÈfÆ*Æ1Ç(½rÍp¾@¿*¿]Íp¾�Ê:Æ1ÉkÇ(½1Ç(ÎäË�½1ÇXÑoÇXÐ�Ë@Á¤¿*ÈtÂkÇ,½1Ç�Â�Æ1Ë0ÑoÇ>Ð�À�Ë¡¿*Ç
Æ1Ë�Æ1ÉkÇ+¾@ÁkÁ�Õ¤¾@ÀrÍ:È�Á¤È�Í0ÕkÍ�ÙuâSÍp¾ � È�Í0ÕkÍ�À�ÈfÆ*Æ1Ç(½�Íp¾@¿*¿pË�ÎC¾@ÑoË@ÕkÆ+î�Ø�õ¡õ@õ©ì�à"ÉU¾ ��� Ð�¾�ÁuÑoÇ
Ç � ÖoÇ�Ð(Æ1Ç�Â3¾�ÆXÆ1É¤ÇMÇ�ÁUÂ3Ë@Î_Æ1É¤Ç0Â�½*Ê+¿*Ç�¾�¿*Ë¡Áu× ë Ë�æ�Ç�Í0ÑoÇ,½ Û ÌrÉkÇ�Á�Í:Ë@¿5ÆXË�Î�Æ1É¤ÇMà@½�¾�¿*¿}ÉU¾@¿CÂ�È�Ç�ÂEÙ
Ä8É¤ÇK¿*Ç�¾@¿*Ë@ÁU¾�Àyæ@¾�½1Èt¾�Æ1È�Ë@Á�Ë�ÎyÆ1ÉkÇMÐ�Ë@Í0ÑkÈtÁkÇ�Â+Íp¾@¿*¿QË@Î8À�È�æ�È�Á¤à�à@½�¾@¿*¿C¾�ÁUÂ+À�ÈfÆ*Æ1Ç(½}¿*É¤Ë@Õ¤ÀtÂ+Á¤Ë�Æ}ÑoÇ
æ�Ç(½*ÊpÉkÈtà@É'¾�ÁUÂpjUÕ¤Ð,Æ1ÕU¾�Æ1Ç�Â�Ö�½1Ç�¿*Õ¤Íp¾�Ñ¤ÀfÊ:ÑoÇ(Æ!Ì8Ç�Ç�Á'¾@Á�Ç�¿5Æ1È�Íp¾�Æ1Ç�Â3î�Ø@õ@õ¡õZì�àKÉU¾ ��� ¾�Æ]Æ1ÉkÇ>Ç�Á¤Â
Ë@Î%Æ1ÉkÇ}Â�½*Ê�¿*Ç�¾�¿*Ë¡Á�Æ1Ë'î�á@õ@õ¡õZì�àZÉU¾ ��� È�Á+è¤Ç(Ñk½1ÕU¾�½*Ê#Ù

Ä8É¤Ç_Í:Ç�¾�Á}æ�Ç�à¡Ç,Æ�¾�Æ1È�Ë¡ÁKÉ¤Ç�È�à@É�ÆEÌ]¾�¿%Ç�¿5Æ1È�Íp¾�Æ1Ç�ÂCæ�È�¿*ÕU¾�À�À�Ê}¾�Æ�î@Ù ØrÍ^È�ÁKè¤Ç�Ñk½1Õ¤¾�½*Ê0×�Íp¾ � È�Í0Õ¤Í
å�Ù ØQÍ Û,Þ î¡Ù �>Í�È�Á � ¾�Ê Þ î¡Ù +}Í Ñ#ÊCÆ1É¤Ç8Ç�Á¤ÂMË�Î}¡Õ¤ÀfÊ0¾@Á¤Â�î¡Ù åQÍ�È�Á3*�Ç�Ö�Æ1Ç�Í0ÑoÇ(½�î�í¡í�î¡Ù i Ë�Ì�Ç�æ�Ç(½ Þ
Æ1É¤Ç�À�Ç�Á¤à�Æ1É�Ë�ÎXÝ@Ý�È�ÁUÂ�Ètæ�ÈtÂkÕ¤¾@À8ÖkÀt¾@Á#Æ1¿Z¿1¾@Í:ÖkÀ�Ç�Â&ÑoÇ(Æ2Ì�Ç�Ç�ÁD}¡Õ¤ÀfÊ�å@Úz¾@Á¤Â�âDÕ¤à@Õ¤¿5Æ'î�õz½�¾�Á¤à¡Ç�Â
Î�½1Ë@ÍSõ�Ù á@í0Í Æ1ËZå�Ù Ú¡íZÍ ÌrÈ�Æ1É'¾@Á+¾�æ�Ç,½�¾@à¡Ç}Ë�Î8î¡Ù ��î�×0�Xõ�Ù Ú@Ý Û Í ¾@ÁUÂpÆ1É¤ÇXæ�È�¿*ÕU¾�À�À�Ê�Â�Ç(Æ1Ç(½1Í:È�Á¤Ç�Â
ÂkÇ�Ð,½1Ç�¾@¿*ÇKÈ�Á�¾�æ�Ç,½�¾@à¡ÇKÉ¤Ç(Ètà@É#Æ}ÂkÕ�½1È�Á¤àZÆ1É¤ÇKÂ�½*Ê�¿*Ç�¾�¿*Ë¡ÁzÍ0Õ¤¿5ÆrÆ1ÉkÇ(½1Ç(ÎäË�½1Ç0ÑoÇMÂkÕkÇCÆ1Ë:ÌrÈ�ÁUÂ�À�Ç�¾�Á
Ë@Î]Æ1ÉkÇ:ÂkÇ�¾@Â"à@½�¾�¿*¿�Ù3Ä8É¤Çp¾�æ�Ç,½�¾@à¡Ç�Â�½*Ê�Ì�Ç�È�à¡É#ÆKË@ÎD¾�¿*È�Á¤à@ÀtÇpÖkÀ-¾�Á#Æ�×�È�ÁkÐ�À�ÕUÂkÈ�Ákà+ÂkÇ�¾@Â"À�Ç�¾�æ�Ç�¿ Û
Ì]¾�¿Ká�Ù õk×0�Xõ�Ù Ú Û à'È�Á � ¾�Ê£×�Áª® Ø@õ Û ¾�ÁUÂ�á�Ù Ø�×0�Mî@Ù�î Û à'Ñ#Ê�Æ1ÉkÇ0Ç�Á¤ÂzË�Î8}¡Õ¤ÀfÊ�×�Á&® Ý¡Ý Û Ù1*#Æ1Ç�Í
Ì8Ç�È�à@É�Æ�¾�Ð�Ð�Ë@Õ¤Á#Æ1Ç�Â�Î�Ë@½�¾@ÑoË@ÕkÆ�Ý�� d Ë@Î}ÖkÀt¾@Á#ÆpÌ8Ç�È�à¡É#ÆpÈ�Á � ¾�Ê�¾@¿:Ì8Ç(ÀtÀ>¾@¿pÈ�Á¯}¡ÕkÀfÊ#Ù � Ç�¾@Â
À�Ç�¾�æ�Ç�¿ Þ à�½1Ç�Ç�Á3À�Ç�¾�æ�Ç�¿Q¾@ÁUÂ�¿*Ç(Ç�Â+Ö¤À�Õ¤Í:ÇXÌ�Ç�È�à¡É#Æ1¿X¾�Ð�Ð�Ë¡ÕkÁ#Æ1Ç�Â'ÎäË�½0î�õ d�Þ î�+ d ¾�ÁUÂ�í d Ë�Î�Æ1Ë@Æ�¾@À
Ö¤Àt¾@Á#ÆKÌ8Ç�È�à@É�Æ Þ ½1Ç�¿*ÖoÇ�Ð,Æ1Ètæ¡Ç�ÀfÊ Þ È�Á � ¾�Ê#Ù&Ä8ÉkÇ�Ì�Ç�È�à¡É#Æ:Ë@ÎQÂ�Ç�¾¡Â&À�Ç�¾�æ�Ç�¿ZÈ�ÁkÐ(½1Ç�¾@¿*Ç�Â�Æ1Ë�å¡Ø d Ñ#Ê
Æ1É¤Ç}Ç�Á¤Â�Ë@Î¦}¡ÕkÀfÊ Þ Ð�Ë@ÈtÁkÐ�ÈtÂkÈ�Á¤à:ÌrÈfÆ1Éz¾:ÂkÇ�Ð,½1Ç�¾@¿*ÇKÈ�Á�Æ1É¤ÇXÌ8Ç(Ètà@É#ÆXË@Î_à�½1Ç�Ç�Á+À�Ç�¾�æ�Ç�¿rÆ1Ë�á d ¾@Á¤Â�¾
Æ1Ë@Æ�¾�Ày¾�Ñ¤¿*Ç�ÁkÐ�ÇZË�Î8¿*Ç�Ç�ÂzÖ¤À�Õ¤Í:Ç(¿�ÙKÄ8É¤ÇZÑkÈtË@Íp¾@¿*¿}Ë�Î8Ç�¾�Ð,É�Ö¤Àt¾@Á#Æ}Ð�Ë@Í:ÖoË¡ÁkÇ�Á#Æ>ÎäË�½CÇ�¾@Ð�É"ÉkÇ�È�à¡É#Æ
È�Á�Æ1Ç,½1æ¡¾�À_Ì8¾@¿KÐ�¾@À�Ð�ÕkÀ-¾�Æ1Ç�Â©Ñ#ÊzÍ0Õ¤ÀfÆ1È�Ö¤ÀfÊ�È�Á¤à�Æ1É¤Ç:Ñ¤È�Ë@Íp¾@¿*¿Kæ¡¾�ÀtÕkÇ�¿}ÌrÈfÆ1É©Æ1É¤ÇZÍp¾�¿*¿KÎ-½�¾@Ð(Æ1È�Ë¡Á&Ë�Î
Ç�¾@Ð�ÉCÐ�Ë¡Í:ÖoË@Á¤Ç�Á#Æ7ÎäË@½%Ç�¾@Ð�ÉMÉkÇ�È�à¡É#Æ;È�Á#Æ1Ç(½1æ@¾@À�Ù;è%È�à¡Õ�½1ÇQî�õ�Ù�î8¿*ÉkË�Ìr¿%Æ1ÉkÇyÐ(Õ¤Í0ÕkÀt¾�Æ1È�æ�ÇyÂkÈ�¿5Æ*½1È�Ñ¤ÕkÆ1È�Ë@Á
Ë@Î7ÂkÇ�¾¡Â:À�Ç�¾�Î Þ à�½1Ç�Ç�ÁpÀ�Ç�¾�Î9¾@Á¤Â:¿5Æ1Ç�Í ÑkÈ�Ë¡Íp¾@¿*¿Dñ�� ò í ï í É¤Ç(Ètà@É#Æ8Ë@ÎEÆ1É¤Çræ�Ç(à¡Ç(Æ�¾�Æ1ÈtË@ÁpÑ�ÊMÆ1É¤ÇDÇ�ÁUÂZË�Î}¡Õ¤ÀfÊ#Ù { Æ8È�¿8Ð�À�Ç�¾�½]Æ1ÉU¾�Æ]Ñ#Ê0Æ1É¤È�¿�Æ1È�Í:ÇrÎ�½1Ç�¿*É�À�Ç�¾�æ�Ç�¿8Ì�Ç(½1Ç>Ð�Ë@Á¤Ð�Ç(Á�Æ*½�¾�Æ1Ç�ÂpÈtÁ:Æ1ÉkÇXõ�Ù á b î¡Ù +ZÍ À�Ç�æ�Ç�À
¾@Á¤Â'Íp¾¡Â�Ç}Õ¤Ö�Ë@Á¤ÀfÊ�¾ZÍ:È�ÁkË@½DÖU¾�½*Æ>Ë�Î;Æ1É¤Ç}Æ1Ë@Æ�¾�À9Ñ¤È�Ë@Íp¾@¿*¿�Ùrâ8ÆrÆ1É¤Ç}ÑoÇ�à@È�Á¤Á¤È�Ákà:Ë@Î�*�Ç(ÖkÆ1Ç�ÍMÑoÇ(½
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Stem

Dead leaves

Fresh leaves

°;±³²�´µ·¶©¸ �¹ ¸�º[¥8�ª»'�ª¼³½t¾À¿�?tÁ"B<¿0Ât»w½sÃ�Ã¨ÂÅÄ¨Æ�Á�½�Æ[¼³Á�½5ÇsÁ/Ã�§ Ä�È·Á/Ã·�É¼ÊÁ�½5ÇsÁ/ÃË½5Ì�Æ[Ã�¾ÍÁ<»ÏÎ�¶<µ�ÐÅ´ÑÐ�Á<¿¬Ò��ª¾�ÂÓÄ3¾��Ác��½�Ô�Â��lÒ5È·½tÃ�Ã�¼Ê½tÌ�ÆlÇtÁÀÒyÁ<¾Õ½5¾�¿0Â5Ì9½t¾$¾��ÁÖÁ/Ì�ÆlÂÓÄ�×k�ª¼¬ØwÙ�Ú�ÚyÙ�Û
�y���	�Ê¶¨¸ �¹	x º0�)Ã�¾À¿-»�½5¾ÕÁ/Ã�ÂÅÄÖ¼�¿-Ç�¿-Ì&ÒB½5Ì�Æ[Æ�Á�½�Æ[Ô<¿0Ât»w½sÃ�Ã�Ä/ÂtÈÖ¾-�ÑÁ���½�Ô�Â#�©Ò5È·½tÃ�Ã�¼Ê½tÌ�ÆnÃ�¿-¾ÍÁ½t¾|Æt¿ Ü2Á<È·Á<ÌÑ¾$¾�¿-»wÁ/Ã1ÂÅÄ1¾-�ÑÁ,Ø�Á�½5È�½tÌ�Æ¨Æ�Á<È�¿-ÇsÁ�ÆnÁ/Ã�¾À¿-»w½t¾ÍÁ�Ã�ÂÓÄ2Ý�Þ�¢�Û

LAISLASeedStemFresh leavesDead leavesTotal biomassDate
m2 m-2kg m-2kg m-2kg m-2kg m-2kg m-2kg m-21991

2.0(11.4)b-(0.508)a(0.178)a-0.687February 23-28
1.311.40.0710.5600.1120.0810.824May 11
0.6(11.4)b-0.5610.0550.207(0.824)cJuly 23 - August 10
0.2(11.4)b-0.5610.016(0.247)d(0.824)cSeptember 1

a: Dead leaves were assumed absent, grass not yet in flowering stage therefore no seed.
b: Using the SLA as determined on May 11.
c: Total grass biomass assumed to remain constant after May 11.
d: All foliage above 0.7 m dead (visual observation). Fraction of living leaf mass below 0.7 m to total plant
mass, as determined between July 23 and August 10, used in the calculation of LAI

¾�ÀtÀ	À�Ç�¾�æ�Ç�¿r¾�ÑoË�æ�ÇX¾CÉ¤Ç�È�à@É�Æ8Ë@Î;õ�Ù áMÍ É¤¾¡ÂpÂkÈ�Ç�Â3×�æ�Èt¿*Õ¤¾@À	Ë¡Ñk¿*Ç(½1æ@¾�Æ1È�Ë¡Á Û Ñ¤Õ�Æ]¿*Ë¡Í:ÇQà@½1Ç�Ç�Á�ß¤Àt¾�Á�Æ1¿
Ì�Ç(½1Ç]Ë¡Ñk¿*Ç(½1æ�Ç�ÂKÑoÇ�À�Ë�Ì£Æ1É¤È�¿;À�Ç�æ�Ç(ÀôÙ;Ä8É¤ÇrÂkÈ�¿5Æ*½1È�Ñ¤Õ�Æ1È�Ë¡ÁZË�ÎoÑ¤È�Ë¡Íp¾�¿*¿�ÑoÇ(Æ2Ì�Ç�Ç�ÁZÂ�Ç�¾¡ÂKÀ�Ç�¾�æ�Ç�¿ Þ à�½1Ç�Ç�Á
À�Ç�¾�æ�Ç�¿Q¾@Á¤Â'¿5Æ1Ç�Í:¿D¾@¿DÌ8Ç�À�À9¾@¿Q¾�ßyß�½1Ë�àkÈ�Íp¾�Æ1Ç v â { æ¡¾�ÀtÕkÇ�¿Q¾�ÆQÂkÈfð	Ç(½1Ç�Á#ÆrÆ1È�Í:Ç�¿DË@Î;Æ1É¤ÇXÊ�Ç�¾�½>¾�½1Ç
¿*ÉkË�ÌrÁ'ÈtÁ'Ä%¾@ÑkÀ�Çpî�õ�Ù å�Ù

Ã�¿5Æ1È�Íp¾�Æ1Ç�¿MË@Î v â { Ì8Ç(½1Ç�Ë¡Ñ�Æ�¾@È�Á¤Ç�Â©Ñ�Ê�Ð�Ë@Í0Ñ¤È�ÁkÈtÁkà�Æ1É¤ÇpÇ�¿5Æ1È�Íp¾�Æ1Ç�Â©à@½1Ç�Ç�Á&À�Ç�¾�Î>ÑkÈ�Ë¡Íp¾@¿*¿
ÌrÈfÆ1É�Æ1É¤Ç:* v âKÙUÄ8É¤Ç:* v â Ë@Î_Í:È�¿*¿*È�Ë¡Á+à@½�¾�¿*¿>Ì]¾�¿>Ç�¿5Æ1È�Íp¾�Æ1Ç�Â+¾�ÆKî¡î@Ù +�Í n ì�à����>È�Á � ¾�Ê+¾�ÁUÂ
ÍMÕ¤ÀfÆ1È�ß¤ÀfÊ�ÈtÁkà0Æ1É¤È�¿Qæ¡¾�ÀtÕkÇ}ÌrÈ�Æ1É+Æ1ÉkÇCÎ-½1Ç�¿*ÉzÀtÇ�¾�ÎyÑ¤È�Ë¡Íp¾�¿*¿QË�ÎQî@î�å�îMì�à:ÉU¾5���>Ê�È�Ç�ÀtÂkÇ�Â+¾@Á v â { Ë@Î
î@Ù Ú:Í n Í � n ÙrâQÁ�¾�ßyß�½1Ë�àkÈ�Íp¾�Æ1ÈtË@Á�Ë@Î�Æ1ÉkÇ v â { ÎäË@½Xè¤Ç�Ñ�½1ÕU¾�½*Ê�Ì]¾�¿>Íp¾@ÂkÇ}Ñ#Ê�¾�¿*¿*Õ¤Í:È�Á¤àMÆ1ÉU¾�Æ
¾�ÀtÀkÀ�Ç�¾�æ�Ç�¿_Ë¡Áp¾#ß¤Àt¾�Á�Æ�Ì�Ç(½1Çrà@½1Ç�Ç�Áp¾�ÆyÆ1É¤¾�Æ�Æ1È�Í:Ç}×�Á¤ËXÍ:Ë@È�¿5Æ1Õk½1Ç]¿5Æ*½1Ç�¿*¿yÈtÁMÆ1É¤Ç8Ì8Ç,Æ�¿*Ç�¾�¿*Ë¡Á Û ¾�ÁUÂ
Æ1É¤¾�Æ]ÑoË�Æ1É�Æ1ÉkÇXÀ�Ç�¾�Î%Æ1ËKÀ�Ç�¾�Î-á>¿5Æ1Ç�ÍÅÍp¾@¿*¿8½�¾�Æ1È�ËZ¾@Á¤ÂpÆ1ÉkÇ�* v âuÌ8Ç(½1Ç}¿*È�Í:È�Àt¾�½]Æ1ËMÆ1ÉkË¡¿*ÇXÈ�Á � ¾�Ê#Ù
âD¿_ÈfÆyÕ¤ÁkÀtÈ�ì�Ç(À�ÊKÆ1ÉU¾�Æ�Æ1É¤Ç�* v â�ÌrÈ�À�ÀUæ¡¾�½*Ê0ÍMÕ¤Ð�ÉKÆ1É�½1Ë¡Õkà¡É¤Ë@ÕkÆ�Æ1É¤Ç8Ê�Ç�¾�½ Þ Æ1ÉkÇ]Íp¾@È�ÁZÇ(½*½1Ë�½yÌrÈ�À�ÀUÑoÇ
¾�¿*¿*Ë#Ð�Èt¾�Æ1Ç�ÂpÌrÈ�Æ1ÉpÆ1É¤ÇrÐ�¾�À�Ð�Õ¤Àt¾�Æ1Ç�Â�à@½1Ç(Ç�ÁpÀtÇ�¾�Î%Íp¾�¿*¿yÎ-½�¾@Ð(Æ1È�Ë¡ÁpÌrÉ¤È�Ð�É�Ì8¾@¿8Ç(¿5Æ1ÈtÍp¾�Æ1Ç�Âp¾�Æ]å¡Ø d Ë@Î
Æ1ÉkÇCÆ1Ë�Æ�¾@À�ß¤Àt¾@Á#ÆQÍp¾@¿*¿DÈtÁ3èkÇ�Ñk½1Õ¤¾�½*Ê©×ôÄ9¾@Ñ¤À�Ç:î�õ�Ù å Û Ù ë Ëp¾�Ð(Æ1ÕU¾�À%À�Ç�¾�Î_Ñ¤È�Ë@Íp¾@¿*¿X¾�ÁUÂâ* v â Âk¾�Æ�¾
Ì�Ç(½1Çp¾�æ¡¾�ÈtÀt¾�Ñ¤À�Ç:Æ1Ë�Ð�¾@À�Ð�ÕkÀt¾�Æ1Ç:Æ1É¤Ç v â { ¿XÎ�Ë@½c}¡Õ¤ÀfÊ Þ âQÕ¤à@Õ¤¿5ÆCË�½3*�Ç�ßkÆ1Ç(Í0ÑoÇ(½�Ù i Ë�Ì8Ç�æ�Ç,½ Þ Æ1Ë@Æ�¾�À
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Ñ¤È�Ë¡Íp¾�¿*¿>ÎäË�½2ë�¾�Ê3Íp¾�Ê�ÑoÇMÆ�¾�ì�Ç�Áz¾@¿X¾�à@Ë#Ë�Â"¾�ß�ßk½1Ë�à�È�Íp¾�Æ1È�Ë¡Áz¾@¿}ÑoË�Æ1ÉzÂkÇ�Ð�Ë@Í1ßoË¡¿*ÈfÆ1È�Ë¡Á�¾@Á¤Âßk½1Ë�Â�Õ¤Ð(Æ1È�Ë¡Á�Ë@Î9Ñ¤È�Ë¡Íp¾�¿*¿]¾�½1Ç>ÀtË�ÌãÂ�Õk½1È�Á¤àCÆ1É¤Ç>Â�½*Êp¿*Ç�¾�¿*Ë¡Á7ÙyÄ8ÉkÇXÂkÈ�¿5Æ*½1È�Ñ¤Õ�Æ1È�Ë¡Á'Ë�Î9Æ1ÉkÇQÑkÈtË@Íp¾@¿*¿
Ë�æ�Ç(½>Æ1ÉkÇ0æ@¾�½1È�Ë¡Õk¿#ß¤Àt¾�Á�Æ>Ð�Ë¡Í1ßoË@Á¤Ç�Á#Æ1¿DÌ]¾@¿CÂ�Ç(Æ1Ç(½1Í:È�Á¤Ç�Âz¾�ÆXÆ1É¤ÇKÇ�Á¤Â3Ë�Î�}¡ÕkÀfÊ�×0*�Ç�Ð(Æ1È�Ë@Á�î�õ�Ù å Û
¾@Á¤Â�Æ1É¤ÇZÎ-½1Ç�¿*É�ÀtÇ�¾�ÎDÑ¤È�Ë¡Íp¾�¿*¿KÌ8¾@¿MË¡ÑkÆ�¾�È�Á¤Ç�Â©Ñ#ÊzÐ�Ë¡ÍMÑ¤È�Á¤È�Ákà�Æ1É¤Ç�ë�¾�Ê©ÑkÈtË@Íp¾@¿*¿Kæ¡¾�À�Õ¤Ç:ÌrÈfÆ1É
Æ1É¤Ç}Î�½�¾�Ð(Æ1È�Ë¡Á3Ë@Î�Î-½1Ç�¿*É3ÀtÇ�¾�ÎyÍp¾@¿*¿rÆ1ËpÆ1Ë�Æ�¾@À�ßkÀt¾@Á#Æ>Íp¾�¿*¿�Ù � ¿*È�Á¤à:Æ1É¤Ç:*�ì9âóæ@¾@À�Õ¤Ç}Î�Ë@½2ë�¾�Ê'Æ1ÉkÇì9â�íQ¾�ÆXÆ1É¤ÇMÇ�ÁUÂ3Ë@Î }¡Õ¤ÀfÊ+Ì8¾@¿}Ç�¿5Æ1È�Íp¾�Æ1Ç�Â�¾�ÆKõ�Ù Ý�Í�îCÍ � î�ÙZé>Á+Æ1É¤Ç2�¤½1¿5Æ}Ë�Î8*�Ç�ßkÆ1Ç�ÍMÑoÇ(½}¾�ÀtÀ
À�Ç�¾�æ�Ç�¿X¾�ÑoË�æ�Ç0¾:ÉkÇ�È�à¡É#Æ>Ë�Î8õ�Ù ápÍSÉU¾@Â3ÂkÈ�Ç�Â+¾@Á¤Â�Æ1É¤Ç}Î�½1Ç�¿*É3À�Ç�¾�Î�Íp¾�¿*¿QÎ�½�¾�Ð(Æ1È�Ë¡ÁzË@Î_Æ1É¤ÇKõ/ï#õ�Ù á
Í ÀtÇ(æ�Ç�ÀX×Aå�ð Ë�ÎDÆ1Ë�Æ�¾@À�ßkÀ-¾�Á#Æ0Íp¾�¿*¿ Û,Þ ÂkÇ(Æ1Ç(½1Í:È�ÁkÇ�Â©ÑoÇ(Æ2Ì�Ç�Ç�Á[}¡ÕkÀfÊ£å@Ú3¾@Á¤Â&âQÕkà¡Õ¤¿5Æ�î�õ Þ Ì8¾@¿
Õ¤¿*Ç�Â0Æ1ËCÐ�¾�À�Ð�Õ¤Àt¾�Æ1ÇX¾@Á�ì9â�í;Ë@Î9õ�Ù åCÍ�î8Í � î8Î-½1Ë¡Í Æ1É¤Ç$ë�¾�ÊZÑ¤È�Ë¡Íp¾�¿*¿8¾@Á¤Â�*�ì9âuæ@¾@À�ÕkÇ�¿ Þ ÌrÉ¤È�Ð�É
Íp¾�Ê'ÑoÇCÐ�Ë@Á¤¿*ÈtÂkÇ(½1Ç�Âz¾�¿>Æ1É¤ÇC¿*Ç�¾�¿*Ë¡Á¤¾@À;Í:È�Á¤È�Í0ÕkÍ�Ù]Ä8ÉkÈt¿>¿*É¤Ë�Ìr¿QÆ1É¤¾�ÆDÆ1É¤ÇK¿*Ç�¾@¿*Ë@ÁU¾@À;æ@¾�½1Èt¾�Æ1ÈtË@Á
È�Ázà�½�¾@¿*¿*Àt¾@Á¤Â¨ì7â)í]È�¿XÀt¾�½1à@ÇMÌrÈfÆ1É�¾+î�õ�ÓôÎäË@ÀtÂ"ÂkÈfð	Ç(½1Ç(Á¤Ð�ÇKÑoÇ(Æ2Ì�Ç�Ç�Á+Æ1É¤Ç}Ì�Ç(Æ}¿*Ç�¾�¿*Ë¡ÁzÍp¾<à�È�Í0Õ¤Í
¾@Á¤Â:Æ1ÉkÇXÂ�½*Ê:¿*Ç�¾@¿*Ë@Á�Í:È�Á¤È�Í0ÕkÍ�Ù7Ä8É¤ÇXÇ�¿5Æ1È�Íp¾�Æ1Ç�ÂZÌ8Ç(Ær¿*Ç�¾�¿*Ë¡Á�æ¡¾�ÀtÕkÇ>Ë�Î�å�Ù õKÍ�îrÍ � îDÈ�¿]Í0ÕkÐ,É
É¤È�à¡ÉkÇ(½XÆ1É¤¾@Á+Æ1É¤Ç0õ�Ù �k×0�Xõ�Ù Ú Û Í î Í � î ÎäË@Õ¤Á¤Â3Î�Ë@½C¿*É¤Ë�½*Æ}à@½�¾�¿*¿XÌrÈfÆ1É©¾pÍ0Õ¤Ð�É+À�Ë�Ì8Ç(½CÑkÈtË@Íp¾@¿*¿
×�Ñ¤È�Ë¡Íp¾�¿*¿�Ë�Î9à�½�¾@¿*¿r¾@Á¤Â:ÀtÈfÆ*Æ1Ç(½]¾@Í:Ë¡ÕkÁ#Æ1Ç�Â0Æ1ËZØ�Ý¡õ@õMì�àCÉU¾���� Û Ñ#Ê,ë'Ð·ñ[È�ÀtÀ�Èt¾@Í_�·ò ó�ô¬õU×5î�í¡í¡Ú Û È�Á
¾0Ð�À�Ç�¾�½1ÈtÁkà:È�Á�âQÍp¾<��Ë¡ÁkÈt¾�Ù

Ä8É¤Ç Ò â�u Î-½�¾@Ð(Æ1È�Ë@Á[×�ö:÷<ö�ø Û æ@¾�½1È�Ç�ÂzÎ-½1Ë¡Íßõ�Ù å@á�×0�Xõ�Ù�î�Ø Û ÿ2Õ¤¿5ÆK¾�ÑoË�æ¡ÇZÆ1É¤ÇZÀ�ÈfÆ*Æ1Ç(½KÀt¾�Ê�Ç(½CÆ1Ë
õ�Ù á@í�×0�Xõ�Ù�î¡î Û ¾�ÆCî¡Ù +ZÍÅ¾�¿D¿*ÉkË�ÌrÁ�È�Á�è%È�à¡Õ�½1ÇZî�õ�Ù å Þ ÌrÈfÆ1É�È�Á¤Ð�Ë@Í:È�Á¤à Ò â�u ×�ö ø Û ½�¾@Á¤à@È�Á¤à0Î-½1Ë¡Í�¡Ý@õzÆ1Ë�î�õ¡í@õ � Í:Ë¡À]Í � î ¿ ��� Ù£Ä8É¤Ç�Ð�¾@ÁkË�ß#Ê�à�¾<ß£Î-½�¾@Ð(Æ1È�Ë¡Á�È�Á¤Ð(½1Ç�¾�¿*Ç�Â£Î-½1Ë¡Í�Ú�Ø��}å/+tð ÿ2Õ¤¿5Æ
¾@ÑoË�æ�ÇKÆ1É¤ÇZÀ�ÈfÆ*Æ1Ç(½CÀt¾�Ê#Ç(½}Æ1Ë+á�ís�Mî�Ýsð ¾�Æ:î@Ù õ'Íï¾@Á¤Â�í¡á��}Ø�ð ¾�Æ:î¡Ù +�Í�Ù0âQ¿>¿*É¤Ë�ÌrÁ"È�Á"Í:Ë�½1Ç
ÂkÇ(Æ�¾�È�ÀDÈ�Á¯*�Ç�Ð(Æ1È�Ë@Áóî¡î@Ù å Þ ÈfÎXÆ1É¤ÇÖì9â)íKÈ�¿pì�ÁkË�ÌrÁ�Æ1É¤Ç�À�Ètà@É#Æ�Ç·à�Æ1È�ÁkÐ(Æ1È�Ë¡Á|Ð(Ë#Ç�ù:Ð�È�Ç�Á#Æz×�ú Û Ë@ÎX¾
Ð�¾@ÁkË�ß#Ê�Ð�¾�Á|ÑoÇ�Ð�¾�À�Ð�Õ¤Àt¾�Æ1Ç�Â£Î�½1Ë@Í Æ1É¤Ç Ò â�uÅÎ�½�¾@Ð,Æ1ÈtË@ÁuÕ¤¿*È�Ákà�Æ1É¤Ç�û�Ç�Ç(½*Ó�ì9¾�Í0ÑoÇ(½*ÆZÇ�Ô#ÕU¾�Æ1È�Ë@Á
× Ò È�Ç(½1Ð(Ç�¾�ÁUÂËuDÕ¤ÁkÁ¤È�Á¤à Þ î�í���� Û Ù3Ä8É¤Ç:Ç·à�Æ1È�ÁkÐ(Æ1È�Ë¡Á&Ð�Ë#Ç�ùZÐ�È�Ç�Á#Æ3ú©È�¿M¾@Á©Ç�Í1ßkÈf½1ÈtÐ�¾@À;ß¤¾�½�¾�Í:Ç(Æ1Ç(½
ÂkÇ�ßoÇ(ÁUÂkÈ�ÁkàZË¡Á+Æ1É¤ÇCà@Ç�Ë¡Í:Ç(Æ*½*Ê'Ë@Î�Æ1É¤ÇCÐ�¾�Á¤Ë�ß�Ê�¾@Á¤Â'½�¾@Á¤à@Ç�¿QÎ-½1Ë¡Í õ�Ù ÚZÆ1Ë+î¡Ù Ø Þ ÌrÈfÆ1É+Æ1É¤ÇCÀ�Ë�Ì8Ç(½
æ¡¾�À�Õ¤Ç�¿:Ð�Ë�½*½1Ç�¿ÍßoË¡Á¤ÂkÈ�Á¤à©ÌrÈfÆ1É[¾�Á|Ç(½1Ç(Ð(Æ1Ë�ßkÉ�Ê�À]Æ2Ê�ßoÇ�Ë�ÎCÐ�¾@ÁkË�ß#Êã×-uQË@¿*¿ Þ î�í¡á¡Ø Û ÙêuDÈ�ß¤À�Ç(Ê�¾@Á¤ÂuQÇ�ÂkÍp¾@Á'×5î�í�á�Ý Û Î�Ë¡ÕkÁUÂ:¾@ÁpÇ�à�Æ1È�Á¤Ð,Æ1ÈtË@ÁpÐ�Ë#Ç�ù:Ð�È�Ç�Á#Æ�Ë@Î9õ�Ù Ý¡Ú}ÎäË�½8¿*É¤Ë�½*Æ8à�½�¾@¿*¿8È�Á:Æ1É¤Ç]Æ1Ç�Í1ßoÇ(½�¾�Æ1Ç��Ë¡ÁkÇ¡Ù¦ì7È�ÁkÇ�¾�½]È�Á#Æ1Ç(½ÓßoË@À-¾�Æ1È�Ë¡Á'Ë�Î7Æ1ÉkÇ>Â�Ç(½1È�æ�Ç�Â,ì9â�í�Ç�¿5Æ1È�Íp¾�Æ1ÇQÎ�Ë@½�ë�¾�Ê�¾�ÁUÂ�}¡Õ¤ÀfÊ�Ó!âQÕ¤à@Õ¤¿5ÆDî�í@í�î
½1Ç�¿*Õ¤ÀfÆ1Ç�Â©È�Á&¾�Á[ì9â�í}Ë@ÎDõ�Ù �+Í î Í�� î Ë@Á[}¡Õ¤ÀfÊ|î�õ©× û õü��õ7Æ1ÉkÇ�Âk¾�Ê�Æ1É¤¾�ÆKÆ1É¤Ç Ò â)u"ßk½1Ë��¤À�Ç�Ë�Î
è%È�à¡Õk½1Ç3î�õ�Ù å3Ì]¾�¿:ÂkÇ,Æ1Ç(½1Í:È�Á¤Ç�Â Û Ù©è¤Ë�½:¾+Í:Ç�¾�¿*Õk½1Ç�Â Ò â)u Î-½�¾@Ð(Æ1È�Ë@Á�Ë�ÎXõ�Ù å@ápÿ2Õ¤¿5Æ:¾�ÑoË�æ�Ç�Æ1ÉkÇ
À�È�Æ*Æ1Ç,½0Àt¾�Ê#Ç(½ Þ ú©Ì8Ë@Õ¤ÀtÂ&ÉU¾�æ�Ç:Æ1É¤Çpæ�Ç(½*Ê�É¤È�à@É&æ¡¾�ÀtÕkÇpË@ÎKî¡Ù Ý�+ Þ ÌrÉkÈ�Ð,É�Í0Õk¿5ÆKÑoÇ�¾�Æ*Æ*½1È�Ñ¤ÕkÆ1Ç�Â"Æ1Ë
Æ1É¤Ç:Àt¾�½1à@Ç'¾�Í:Ë¡ÕkÁ�ÆKË�Î Ò â�u È�Á#Æ1Ç(½1Ð�Ç�ß�Æ1Ç�Â"Ñ#ÊzÆ1É¤Ç:à@½�¾�¿*¿0¿5Æ1Ç�Í:¿M¾@Á¤Â"æ@¾�½1È�Ë¡Õk¿Mì�È�ÁUÂ�¿KË�ÎQÂkÇ�¾@Â
Íp¾�Æ1Ç(½1Èt¾�ÀôÙ
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ZnMnBMgCaKPN

5.5337200.1290.3590.0700.0300.497Litter
3.9284150.2410.2231.3280.0430.469Mission grass

�������Ê¶'¸ �Ñ¹ . º0/�Ât¾Í½t¼D½5»�Â1�ªÌÑ¾�Ã(ÂÅÄ(Ì)�ª¾ÀÈ�¿0Á/Ì�¾0ÃHå,2<ÒH�½s����é@Ã�¾ÍÂtÈ·Á�Æ@¿-Ì3 |Á/Ì�ÌÑ¿üÃ<Á<¾4�ª»#Â5¼�ØsÃ�¾Õ½%���ªØ�ÂtÌ[Ò�È·½sÃ�Ã�½tÌ�Æ�Ò�È·½sÃ�Ã�¼³½tÌ�Æâ¼¬¿-¾�¾ÍÁ/È,½5¾)¾��Ác��½�Ô�Â1�nÃ�¾4�ÑÆ5Ø~Ã�¿-¾ÍÁ�Û
ZnMnBMgCaKPN

February 1991
0.2063.5660.05813.637.97.43.252.5Litter standing crop
0.0971.8420.02515.614.486.12.830.4Mission grass
0.3045.4080.08329.252.493.55.982.9Total

May 1991
0.1342.3150.0378.924.64.82.134.1Litter standing crop
0.1242.3400.03219.818.3109.43.538.6Mission grass
0.2584.6550.07028.743.0114.25.672.7Total
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Ä8ÉkÇ�Ð�Ë¡ÁkÐ�Ç�Á#Æ*½�¾�Æ1È�Ë@Á¤¿�Ë@Î}Íp¾�Ð(½1Ë@ÓM¾@Á¤Â�Í:È�Ð(½1Ë@Á�Õ�Æ*½1È�Ç�Á#Æ1¿ZÈ�Á|À�ÈfÆ*Æ1Ç(½�¾@ÁUÂ�Î�½1Ç�¿*É|à@½�¾@¿*¿�¿1¾@Í1ßkÀ�Ç�Â
È�Á^è¤Ç�Ñ�½1ÕU¾�½*Ê�î�í¡í�î�¾�½1Çz¿*ÉkË�ÌrÁ[ÈtÁ^Ä9¾@Ñ¤À�Ç&î�õ�Ù Ú�Ù Ä8É¤Ç3Ð�Ë@Á¤Ð�Ç�Á#Æ*½�¾�Æ1ÈtË@Á¤¿�Ë@Î ë Þ �8¾�¾@Á¤Â�Æ1É¤Ç
Í:È�Ð(½1Ë@Á�Õ�Æ*½1È�Ç�Á#Æ1¿7Ì8Ç,½1Ç8É¤È�à¡ÉkÇ(½;È�ÁCÆ1É¤Ç_ÀtÈfÆ*Æ1Ç(½ Þ È�ÁUÂkÈ�Ð�¾�Æ1È�Á¤àrÆ1ÉU¾�Æ9Æ1É¤Ç�¿*ÇyÁ�Õ�Æ*½1È�Ç�Á#Æ1¿9Íp¾�Ê}ÑoÇy½1Ç(ÀtÇ�¾@¿*Ç�Â
½1Ç�Àt¾�Æ1Ètæ¡Ç�ÀfÊ"¿*À�Ë�ÌrÀfÊ©Â�Õk½1È�Á¤à'ÂkÇ�Ð�Ë@Í1ßoË¡¿*ÈfÆ1È�Ë¡ÁEÙ�Ä8É¤ÇZÐ�Ë@Á¤Ð�Ç(Á�Æ*½�¾�Æ1È�Ë¡Á©Ë�Î]Ü Þ Ë¡Á�Æ1ÉkÇZË@Æ1ÉkÇ(½CÉU¾�ÁUÂ Þ
Ì8¾@¿pî���ÓôÎ�Ë¡ÀtÂ©É¤È�à¡ÉkÇ(½CÈ�Á©À�È�æ�È�Ákà�à@½�¾�¿*¿MÆ1ÉU¾�Á"È�Á©À�ÈfÆ*Æ1Ç(½ Þ ¿*Õkà¡à@Ç�¿5Æ1È�Á¤à+Æ1ÉU¾�ÆCÜÅÈt¿KÇ�¾�¿*ÈtÀfÊ�À�Ç�¾@Ð�É¤Ç�Â	Ù��Ë@Á¤Ð�Ç�Á#Æ*½�¾�Æ1ÈtË@Á¤¿MË@Î)ë'àz¾@Á¤Â Ò Ì8Ç,½1Ç�¾�À�¿*ËzÉkÈ�à¡É¤Ç,½0È�Á&À�È�æ�È�Ákà+à@½�¾@¿*¿MÑ¤Õ�ÆKÆ1ÉkÇpÂkÈfð	Ç(½1Ç�ÁkÐ�Ç:Ì]¾�¿
ÍMÕ¤Ð�ÉZÀ�Ç�¿*¿ ßk½1Ë@Á¤Ë@Õ¤Á¤Ð(Ç�ÂZÆ1ÉU¾@ÁZÎ�Ë@½]ÜZÙ ë Ê#ÇQ¾@Á¤Âp¼Q½1Ç�Ç�Á¤Àt¾�ÁUÂ3×5î�í¡Ý@õ Û ß�½1Ë�æ�ÈtÂ�Ç�Â0½�¾@Ákà¡Ç�¿8Ë�Î%õ�Ù å@í/ï
î@Ù �>Î�Ë@½ ë Þ õ�Ù õ�Ø�ï�õ�Ù�î�+KÎ�Ë@½ Ò Þ õ�Ù Ø<+/ïUî@Ù åXÎäË�½�Ü Þ õ�Ù�î�á�ï�õ�Ù +�å}Î�Ë@½��8¾}¾@ÁUÂ0õ�Ù å@í�ï�õ�Ù Ú¡Ø}Î�Ë@½8ë'à�Ù�ñ[ÈfÆ1É
Æ1ÉkÇMÇ�à�Ð�Ç�ßkÆ1È�Ë¡ÁzË@Î�Ü Þ Æ1É¤ÇKÐ�Ë¡ÁkÐ�Ç�Á#Æ*½�¾�Æ1È�Ë¡Ák¿}È�Á3Æ1ÉkÇ ë ¾@ÑoË¡Õzà@½�¾�¿*¿XÌ8Ç(½1Ç0¾�ÆXÆ1ÉkÇ0À�Ë�Ì8Ç(½CÇ(ÁUÂk¿QË@Î
Æ1ÉkÇ�¿*ÇX½�¾@Ákà¡Ç�¿�Ù

Ä8ÉkÇp¾@Í:Ë@Õ¤Á#Æ1¿}Ë@Î]Á�Õ�Æ*½1ÈtÇ(Á�Æ1¿}¿5Æ1Ë�½1Ç�Â"È�Á"Æ1ÉkÇZà@½�¾�¿*¿*À-¾�ÁUÂ©æ�Ç(à¡Ç(Æ�¾�Æ1ÈtË@Á&¾@Á¤Â�À�ÈfÆ*Æ1Ç(½CÌ8Ç(½1ÇpÐ�¾�ÀfÓ
Ð�ÕkÀt¾�Æ1Ç�Â©ÎäË�½:è¤Ç(Ñk½1ÕU¾�½*Ê&¾�ÁUÂ[ë�¾�Ê Þ ¾@¿*¿*ÕkÍ:ÈtÁkà�Æ1ÉU¾�Æ0Æ1É¤ÇpÐ�Ë@Á¤Ð�Ç(Á�Æ*½�¾�Æ1È�Ë¡Á¤¿0ÂkÈtÂ©Á¤Ë�Æ0Ð�ÉU¾�Á¤à@Ç�È�Á
Æ1È�Í:Çp×ôÄ%¾@ÑkÀ�Ç�î�õ�Ù + Û ÙCâDÍ:Ë¡ÕkÁ�Æ1¿rË�Î�Á�ÕkÆ*½1È�Ç�Á#Æ1¿D¿5Æ1Ë@½1Ç�Â+È�Á+Æ1É¤ÇCÀ�ÈfÆ*Æ1Ç(½}Àt¾�Ê#Ç(½Xà@Ç�Á¤Ç,½�¾@À�ÀfÊ3Ç�à�Ð�Ç�Ç�Â�Ç�Â
Æ1ÉkË¡¿*ÇZ¿5Æ1Ë�½1Ç�Â�È�Á3Æ1É¤Ç0À�È�æ�È�Á¤à�Ð(½1Ë�ß�È�Á"è¤Ç�Ñk½1Õ¤¾�½*Ê Þ ÌrÈfÆ1É�Æ1ÉkÇZÇ�à�Ð�Ç�ß�Æ1È�Ë¡ÁzË@Î8Ü Þ ¾�ÁUÂ+Æ1Ë�¾�À�Ç�¿*¿*Ç,½
Ç�à�Æ1Ç�Á#Æ�ë'à Þ ÌrÉ¤È�Ð�ÉZÉU¾@ÂZ¾>æ�Ç(½*ÊKÀ�Ë�Ì|Ð(Ë¡Á¤Ð(Ç�Á#Æ*½�¾�Æ1È�Ë¡ÁZÈ�Á0Æ1ÉkÇ]À�È�Æ*Æ1Ç,½�Ù�ûyÊKÆ1É¤Ç]Ç�Á¤ÂMË@ÎoÆ1ÉkÇ]à@½1Ë�ÌrÈ�Á¤à
¿*Ç�¾�¿*Ë¡Á Þ É¤Ë�Ì8Ç�æ¡Ç(½ Þ ¿*ÕkÑ¤¿5Æ�¾@Á#Æ1Èt¾@ÀU¾@Í:Ë¡ÕkÁ#Æ1¿;Ë@Î	Á�ÕkÆ*½1È�Ç�Á#Æ1¿r×-ßk½1Ç�¿*ÕkÍp¾@ÑkÀ�ÊC½1Ç�À�Ç�¾�¿*Ç�ÂZÎ�½1Ë@Í Æ1ÉkÇrÀtÈfÆ*Æ1Ç(½
Àt¾�Ê#Ç(½;Æ1É�½1Ë¡Õ¤à@É0Â�Ç�Ð�Ë@Í1ßoË¡¿*ÈfÆ1È�Ë¡Á Û É¤¾¡ÂCÑoÇ�Ç�ÁCÆ�¾@ì�Ç(ÁMÕ�ßMÑ#Ê}Æ1É¤Çyæ�Ç�à@Ç(Æ�¾�Æ1È�Ë¡Á0¾@Á¤ÂM¾�Í:Ë¡Õ¤Á#Æ1¿%¿5Æ1Ë�½1Ç�Â
È�Á"Æ1ÉkÇZÀ�Ètæ�È�Á¤àwßkÀt¾@Á#Æ1¿CÇ�à�Ð�Ç�Ç�Â�Ç�ÂzÆ1ÉkË¡¿*ÇpÈ�Á�Æ1É¤Ç:À�ÈfÆ*Æ1Ç(½MÀt¾�Ê�Ç(½CÌrÈ�Æ1É�Æ1É¤ÇZÇ�à�Ð�Ç�ßkÆ1È�Ë¡Á Þ Íp¾@È�Á¤ÀfÊ Þ Ë@Î�8¾�Ù í2Á#Æ1Ç(½1Ç(¿5Æ1ÈtÁkà¡ÀfÊ Þ Æ1Ë�Æ�¾@À9¾@Í:Ë¡ÕkÁ#Æ1¿]Ë@Î_Á�ÕkÆ*½1È�Ç�Á#Æ1¿]¿5Æ1Ë@½1Ç�Â�È�Á'Æ1ÉkÇ}À�Ètæ�È�Á¤à:Ð,½1Ë�ß3¾@Á¤Â'À�ÈfÆ*Æ1Ç(½>Àt¾�Ê#Ç(½
Â�Ç�Ð(½1Ç�¾�¿*Ç�Â+¿*ÀtÈ�à@É�Æ1ÀfÊ"×äÌrÈ�Æ1É+Æ1ÉkÇKÇ·àkÐ(Ç�ßkÆ1È�Ë¡Á+Ë�Î_Ü Û ¾�¿QÆ1ÉkÇMÂ�½*Ê'¿*Ç�¾@¿*Ë¡Álßk½1Ë@à@½1Ç�¿*¿*Ç�Â Þ ÂkÇ(¿Íß¤ÈfÆ1ÇK¾@Á
Ë�æ�Ç(½�¾�À�À9È�Á¤Ð(½1Ç�¾@¿*ÇKÈtÁ+ÑkÈ�Ë¡Íp¾@¿*¿rÎ�½1Ë@Í á�õ�+¡õ:Æ1Ë,����+��pì�à:É¤¾ ��� ÙrÄ8É¤È�¿DÈt¿DÆ1É¤Ë@Õ¤à¡É#ÆrÆ1ËZ½1Ç;:¤Ç�Ð(ÆrÆ1É¤Ç



z5{��=<�	� ��þ>
�
��þ�� 7 �-�?��� % �����"ý ! ��������� ¸ 4A@
ÂkÇ�Ð,½1Ç�¾@¿*ÇrÈ�ÁZÍp¾@¿*¿�Ë�ÎUÆ1É¤Ç]À�ÈfÆ*Æ1Ç(½yÀ-¾�Ê#Ç,½_ÌrÉkÈ�Ð,É0Ì8¾@¿_Àt¾�½1à¡Ç,½yÆ1É¤¾@Á0Æ1ÉkÇ]ÈtÁkÐ(½1Ç�¾�¿*ÇDÈ�ÁZÀ�È�æ�È�Á¤àXÑkÈtË@Íp¾@¿*¿
×7B ÷ õkÄ9¾@Ñ¤À�Ç:î�õ�Ù å Û Ùû�Ç�Ð�¾@Õ¤¿*Ç3Æ1É¤Ç+Ç(¿5Æ1ÈtÍp¾�Æ1Ç�Âu¿*Ç�¾�¿*Ë¡ÁU¾�ÀXæ@¾�½1Èt¾�Æ1È�Ë¡Á^È�Á|Æ1ÉkÇzÐ(Ë¡Í0ÑkÈ�Á¤Ç�Â£Íp¾@¿*¿�Ë@ÎCÀ�È�æ�È�Ákà&à@½�¾@¿*¿
¾@Á¤Â�À�ÈfÆ*Æ1Ç(½MÌ8¾@¿KÁ¤Ë�ÆMæ¡Ç(½*Ê"Àt¾�½1à¡Ç�¾@Á¤Â�Æ1É¤Ç:Ð�Ë@Á¤Ð�Ç(Á�Æ*½�¾�Æ1È�Ë¡Á¤¿KË@Î ë Þ Ò Þ �8¾ Þ û Þ ë'Á&¾@Á¤Â � Á©È�Á
Î�½1Ç�¿*É"à@½�¾@¿*¿KÌ8Ç(½1Ç:ÁkË@ÆMÂ�½�¾�Íp¾�Æ1È�Ð�¾�ÀtÀfÊ©ÂkÈfð	Ç(½1Ç�Á#Æ}Î�½1Ë@ÍïÆ1É¤Ë¡¿*ÇpÈ�Á©À�ÈfÆ*Æ1Ç(½CÆ1É¤ÇZÆ1Ë�Æ�¾@À8¾�Í:Ë¡ÕkÁ�Æ1¿}Ë�Î
Æ1É¤Ç�¿*Ç�Á�Õ�Æ*½1È�Ç�Á#Æ1¿;¿5Æ1Ë@½1Ç�ÂKÈtÁMÆ1É¤Ç8æ�Ç(à¡Ç(Æ�¾�Æ1ÈtË@ÁZ¿*É¤Ë@Õ¤ÀtÂMÁkË@Æ�¿*ÉkË�Ì�¾>æ¡Ç(½*ÊCÀt¾�½1à¡Çr¿*Ç�¾�¿*Ë¡Á¤¾@À¤æ@¾�½1Èt¾�Æ1ÈtË@Á
Ç�ÈfÆ1É¤Ç(½�ÙDC>Ë�Ì8Ç(æ�Ç(½ Þ Ü Þ ¾�ÁUÂ}Æ1ËX¾DÀtÇ(¿*¿*Ç(½�Ç�à�Æ1Ç�Á#Æ¦ë'à Þ Íp¾�ÊXÌ8Ç�À�À�¿*É¤Ë�Ì£¾QÀt¾�½1à¡Ç]¿*Ç�¾�¿*Ë¡ÁU¾�Àkæ@¾�½1Èt¾�Æ1ÈtË@Á
ÌrÈfÆ1É�ß�½1Ë¡à�½1Ç�¿*¿*È�æ�Ç�ÀfÊpÉ¤È�à¡ÉkÇ(½]Ð�Ë@Á¤Ð�Ç(Á�Æ*½�¾�Æ1È�Ë¡Á¤¿8ÂkÕk½1È�ÁkàCÆ1ÉkÇQà�½1Ë�ÌrÈtÁkà0¿*Ç�¾�¿*Ë¡Á Þ ¾}½�¾�ßkÈtÂ�Â�Ç�Ð�À�È�Á¤Ç>¾�Æ
Æ1É¤ÇMÇ�ÁUÂ+Ë@Î�Æ1É¤ÇKà@½1Ë�ÌrÈ�Á¤à�¿*Ç�¾�¿*Ë¡Á©Ð(Ë¡È�Á¤Ð�ÈtÂ�ÈtÁkà�ÌrÈfÆ1É�Æ1ÉkÇZÂ�ÊkÈ�Ákà�Ë�Î�Æ1É¤ÇMà@½�¾�¿*¿ Þ ¾@Á¤ÂzÀ�Ë�Ì À�Ç�æ�Ç�À�¿
ÂkÕ�½1ÈtÁkàMÆ1ÉkÇ}Â�½*Ê�¿*Ç�¾�¿*Ë¡Á7Ù�è¤Õ�½*Æ1É¤Ç(½8Ì�Ë@½1ì�È�¿QÁkÇ�Ð�Ç�¿*¿1¾�½*Ê�Æ1Ë0Æ1Ç(¿5Æ]Æ1É¤Ç�¿*ÇC¾�¿*¿*Ç(½*Æ1È�Ë¡Á¤¿�Ù

â ½�¾�Æ1ÇZË@Î8ÀtÈfÆ*Æ1Ç(½}Æ1Õ�½1Á¤Ë�æ�Ç(½Z×�Ü�E Û Ð�¾@Á"ÑoÇMÐ�¾@À�Ð�ÕkÀt¾�Æ1Ç�Â©¾�¿}Æ1É¤ÇM½�¾�Æ1È�Ë�Ë@Î8Æ1ÉkÇZ¾�Á¤Á�ÕU¾�À_À�ÈfÆ*Æ1Ç(½ßk½1Ë�Â�Õ¤Ð(Æ1È�Ë¡ÁuÆ1Ë©Æ1ÉkÇ3ÀtÈfÆ*Æ1Ç(½'¿5Æ�¾@Á¤ÂkÈ�Á¤à&Ð(½1Ë�ß�×0*�ÌrÈfÎ�Æ©�·ò,ó�ô¬õ Þ î�í�á@í5�M¼>Õ¤Á¤¾¡ÂkÈ Þ î�í@í¡Ú@ÑÑ�2û�Õk½1à@ÉkÓ
Ë¡Õ�Æ1¿ Þ î�í@í¡Ú Û Ù¨*�Õ¤Ð�É©¾�Á&Ç�¿5Æ1È�Íp¾�Æ1ÇZÌ]¾�¿0Ë@ÑkÆ�¾@È�ÁkÇ�Â�ÎäË�½0Æ1ÉkÇ ë ¾@ÑoË@Õ©à@½�¾�¿*¿*Àt¾@ÁUÂ&¿*ÈfÆ1ÇpÕ¤¿*È�Á¤à�Æ1ÉkÇ
¾@ÁkÁ�Õ¤¾@À¦ßk½1Ë�Â�Õ¤Ð(Æ1È�Ë¡Á©½�¾�Æ1ÇpË@ÎDà@½�¾�¿*¿Z¾@Á¤Â"Æ1É¤Ç:¿*Ç�¾�¿*Ë¡Á¤¾@À]Í:È�Á¤È�Í0ÕkÍ À�ÈfÆ*Æ1Ç(½Z¿5Æ�¾�ÁUÂ�ÈtÁkà+Ð(½1Ë�ß[×7B ÷ õ*�Ç�Ð,Æ1ÈtË@Á©î�å#Ù + Û ÙQÄ8É¤ÇKà@½�¾@¿*¿Qæ�Ç�à@Ç(Æ�¾�Æ1È�Ë¡Á3È�¿>ÉkÈ�à¡É¤ÀfÊ'¿*Ç�¾@¿*Ë@ÁU¾@À�¾�ÁUÂ+Â�ÈtÇ(¿>Ë@ð"¾@À�Í:Ë@¿5Æ>Ð�Ë@Í1ß¤À�Ç(Æ1Ç�ÀfÊ
ÂkÕ�½1ÈtÁkàzÆ1ÉkÇ�Â�½*Ê�¿*Ç�¾@¿*Ë@Á7Ù^Ä8ÉkÇ+¾@ÁkÁ�Õ¤¾@À�ß�½1Ë�ÂkÕ¤Ð,Æ1ÈtË@Á|Ë�ÎXà@½�¾�¿*¿pÀtÈfÆ*Æ1Ç(½pÐ�¾@Á�Æ1ÉkÇ(½1Ç(Î�Ë@½1Ç+ÑoÇ�¾<ßkÓßk½1Ë�à�È�Íp¾�Æ1Ç�Â&Ñ#Ê©Æ1É¤Ç'¾@ÁkÁ�Õ¤¾@À]à�½�¾@¿*¿,ßk½1Ë�Â�Õ¤Ð(Æ1È�Ë¡Á Þ ÌrÉkÈtÐ�É�Ì]¾@¿pÇ�¿5Æ1È�Íp¾�Æ1Ç�Â�¾�ÆpÝ¡Ý<+�Ý"ì�àzÉU¾ ���
×ôÄ%¾@ÑkÀ�Ç�î�õ�Ù�î Û ÙcñuÈ�Æ1É"¾�¿*Ç�¾@¿*Ë¡Á¤¾@ÀyÍ:ÈtÁkÈ�Í0Õ¤ÍSÀ�ÈfÆ*Æ1Ç(½C¿5Æ�¾@Á¤ÂkÈ�Á¤à�Ð(½1Ë�ß"Ë@Î8Ý��@Ý¡í'ì�à�ÉU¾����C¾@¿}Ë@ÑkÓ
¿*Ç(½1æ�Ç�Â�È�Áwë�¾�Ê�î�í¡í�î Þ ¾MÜ�E+æ@¾@À�ÕkÇ}Ë@Î�õ�Ù í¡áMÌ]¾�¿DË@ÑkÆ�¾�ÈtÁkÇ�ÂEÙyÄ8ÉkÇX½�¾�Æ1Ç}Ë@Î;ÂkÇ�Ð�Ë@Í1ßoË¡¿*ÈfÆ1È�Ë¡Á'Ì8¾@¿
É¤È�à¡ÉkÇ�¿5Æ_ÂkÕ�½1È�Á¤à>Æ1ÉkÇ�Ì8Ç(Æ_¿*Ç�¾�¿*Ë¡Á:¾�¿�ÈtÁ¤ÂkÈ�Ð�¾�Æ1Ç�Â0Ñ#ÊCÆ1É¤Ç8À�Ë¡¿*¿_Ë@ÎoÚ�á�î�å>ì�à>ÉU¾ ��� Ë�Î	ÀtÈfÆ*Æ1Ç(½_ÑoÇ(Æ!Ì8Ç�Ç(Á
è¤Ç�Ñ�½1ÕU¾�½*ÊZå��}¾�ÁUÂ,ë�¾�Ê'î�õ�Ù_âD¿_¿*ÕkÐ,É:Í:Ë@¿5Æ_Á�Õ�Æ*½1È�Ç�Á#Æ1¿�½1Ç(ÀtÇ�¾@¿*Ç�ÂZÎ�½1Ë@Í Æ1ÉkÇrÂkÇ�Ð(Ë¡Í1ßoË¡¿*È�Ákà}à@½�¾@¿*¿
À�È�Æ*Æ1Ç,½QÐ�¾@Á�ÑoÇXÕk¿*Ç�Â�Ñ#ÊpÆ1É¤Ç>à@½1Ë�ÌrÈ�Á¤àpÐ(½1Ë�ßEÙ
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í"]�y�oPh7|~eP^7`bop]�op](^7_�g�i�`ba�^lh7`nu%{%^7`bop]�ozy%q�gk`�àp_&^�eP]Ai�|xoz`ba�^7{%h7gVc;op]&^7gk]&^ozy�`b]Ai%`bv1`ni%{�ezt1]�gkgki%tbgalg;^7ajqs`=^7_!_�gk`�àp_&^�ozyX^7_%gxc;h7o�qs]�qXePa�ozu%^deP`n]%g�iZu&�-hdez]Ai�op|xt=��ckoptbtbgkc;^7`b]kà�¢k©p©�y}h7gkal_!]�gkgki%tbgalg;^7aXqs`=^7_�`b]�g�ezcd_�¢(|¸algkcm^7`noz]�ozy^7_%gjtn`bvwgjcmh7o\qs]�y}h7op|ô¢kâr^lh7g;gka�ez]AiOh7gkckozhdi�`b]¤àr^7_�g;`bhsy}h7gkal_ez]�i�o\vwgk]��"i1hl�xq�gk`�àz_1^7ak�¶ a�^7`n|~e\^7gka�oPy�f%h7g;��ez]Ai�foza�^l�,c;��cktbop]�g:ìD��í"aXy�oPhjg�ePcm_�oPy�^7_%g(a�^7{Ai���y�oPh7gka�^7a�q�gmh7g�c�ePtbck{%�tneP^7g�i�y}h7op|õ^7_�g�Â�ì�� Þ ^7_%g?y�oztn`ne�àpgru%`noz|~ezala�ez]�i�^7_�gj^lh7gkg�i%gk]%al`=^"�&��í4]Ai%g;fgk]Ai�gk]&^sgka�^7`b|~eP^7gkaq�g;h7g>opu%^deP`b]�g�i-{�al`b]¤àO^7_�g�°?gkc�e�àpop]!Â�{�]�:Agkcd§�c;gkf%^7oz|xg;^7g;h(i�gkalc;h7`bug�i®gkePh7tb`bg;h�ezckckoPhdi%`b]¤à�^7o^7_�g�|xg;^7_�o1i~ozy × `bg;h7ckg(eP]Ai~u�{�]%]�`b]¤àO �¢�«zåpåp¥m��Â1gkvwg;hdePt^lhdez]�alg;c;^7aXq�g;h7gj|~ezi%g�^7_�h7op{kàp_�gkezcd_y�oPh7gka�^xeP]AiZe\^>gkvpg;hl�Z��|Ãeztboz]¤à�e�^lhdez]%algkc;^r�z© × �)uÆ �ö�¥?|xg�ePal{%h7gk|xgk]&^7a?qVg;h7g�|~ezi%gxu&�_�ozt}i�`b]¤à-^7_�g�c;gkf%^7oz|xg;^7g;hxtbgkvwg;tsqs`=^7_¹ePh7|xaroz{%^7a�^lh7g;^7cd_�gki¹eP]Ai�a7ez|xf�tb`b]¤à-qs_�`btbg�^7{%h7]%`b]¤à�e�p¬z©sv�ck`=h7cktbgje\^sezuoz{%^�¢�£�v?`b]�c;h7g;|xgk]&^7ak�¦ë�g�ezal{�h7gk|xgk]&^7aVoPyD`b]%ckop|x`b]¤à × �)uÙ �ö ø ¥Sq�gmh7g?|~epi�gh7g�àp{%tnePh7t=�¾`b]¾epiPº�ezckg;]1^�àPhdezalaltnez]�i%ak� � _�gâûVgkgmhl�Àì�ez|�ug;hl^~g�ã&{Ae\^7`noz]Ù  ¶ ã1{�eP^7`bop]Ð¢p¢z� �z¥xq�eza{�alg�ir^7o�c�eztbck{%t}e\^7g�^7_�g$ìD��í�{%al`b]¤àreP]�g·à�^7`b]%c;^7`bop]Ocko&g�ùxck`bgk]&^( �ú¥�ozyD©�� £p�>ePa]àp`bvwgk]Ou&�,}we\h7v�`baÕ ò�ó�ô �� �¢�«p¤z¬p¥seP]Ai�c;op]%»%h7|xg�i~u1� × `bg;h7ckg(ez]�iÖu�{�]�]%`b]¤àO �¢�«påzåw¥�y�oPh�ckoz]�`=y�gmh7op{�asy�oPh7gka�^7ak�

ö�÷�ø ®Òù tb]D �ö2÷�ö�ø;¥ú  �¢z¢p� �p¥
× h7gm�4cm�%c;tnoz]�g�|xg�ePal{%h7gk|xg;]1^7a�q�g;h7g�|~ezi%g�`b] � {�tnezalg;q�e�y�oPh7gka�^�oz]�t=�+ �}p{�t=�¼¢�«z«p© Þ ]&®ô£z©w¥ Þqs_�g;h7gkeza(fopa�^l�,c;��cktbop]%gx|xg�ezal{�h7gk|xgk]&^7a?q�gmh7gx|~epi%g>`n] � {�tnePalg;qXe! ¡]ª®ª¬z©w¥ ÞD¦ ozh7op§1{%t}eZ ¡]&®¢�©p£p¥sez]AiO`b] ¦ ozh7oz|~ez]�`� ¡]ª®ú¤\â&¥Vy�oPh7gka�^7a�`b]w}z{�t=�®¢k«p«1¢p�V��]�oP^7_�g;h(¢k��¢(|xg�ePal{%h7gk|xgk]&^7aVqVg;h7g|~epi�g�`b](^7_�g�y�ozh7gka�^Sal{�hlh7op{%]Ai%`b]kà�^7_%gV|xg;^7gkoPh7optbo¡àz`bc�ezt1^7o�q�g;hS]%g�ePh�^7_%g ¦ oPh7op|~ez]%`wy�oPh7gka�^Sf�tboz^����tbt1|xg�ezal{�h7gk|xgk]&^7a�qVg;h7g�|~ezi%gVugm^"q�g;gk]�¢z¢pû ©p©jeP]Aix¢kâ%û ©z©?_>{�]�i%g;h�cktbg�ePhSal§1`bgkak� Ø ez]%opf&�CàwePfy�hdePc;^7`bop]�a�q�g;h7g�i%gm^7g;h7|x`b]�g�i�`b]�^7_%gja7ez|xgjy¡ePal_�`bop]�ez]�i�{�al`b]¤àr^7_%g × ��u+^lh7gkal_%optni-i%gkalcmh7`nugki`b]�Â�g;c;^7`bop]�¢k©�� �� _�g�ezuo\vwgm�!àPh7op{%]Ai�u�`boz|~ezala�oPyS^7_�g({�]�i%g;h1àPh7o\qX^7_�q�eza?|xgkezal{%h7gki�`n] ¦ oPh7op|~eP]�`Dy�ozh7gka�^op]�ë�ek�~£ Þ ¢�«z«�¢p����tnt%{�]�i%g;h1àPh7o\qX^7_xvpg�àpg;^de\^7`bop]~`b]r^"q�o(a7ã&{Ae\h7gka Þ cko\vwgmh7`n]kà�ez]~ePh7gke(oPyD�p£?|�îg�ezcd_ Þ q�eza�c;{%^Xe\^]àzh7oz{�]�i~tbgkvpgkt�ez]�ix^7_%g�^7oP^deztAy}h7gkal_OqVgk`�àp_&^�y�ozhXg�ePcm_~alfgkc;`ng;a�qXeza�h7gkckozhdi�g�i)�ÏAezcm^7ozh7a�y�oPhS^7_�g�ckoz]1vwg;h7al`bop]�ozyAy}h7gkal_�qVgk`�àp_&^S^7o?i�hl�jqVgk`�àp_&^Sq�g;h7gVopu%^deP`b]�g�i(y�h7op|úal{%u�a7eP|xf�tbgkackoptbtbgkc;^7gki�y�oPh�g�ePcm_�alfgkck`bgkak�
M�MON;ü ýÐUX��� � R kÿþ WOUX� � T��ô� � U �xY TV�(Us[ � TX[ Yj�
í"](^7_�`baSalgkc;^7`bop]>alop|xgXuAePcm§�àPh7op{�]�i�`b]%y�ozh7|~e\^7`noz]r`ba�àp`bvwgk]�op]>^lh7gkgVa�^lh7{�c;^7{�h7g Þ ePaSqVgktbtAePaSqVo&o1iez]�ixy�optb`ne@àzgjf%h7opfgmhl^7`ng;a�ozy�X���%�1�?BÓóz�d���Óó Õ ó|ë�ozh7g;tngm^svpe\h������z� � ��� Õ ���7���_àzh7o�qs]�`n]OÏ�` º�` Þ eza�ozu%�^dez`b]�gki(y}h7op|Ù^7_�g�tb`b^7gmhdeP^7{%h7gseP]Aij^7_�g�f%h7gkalgk]&^a�^7{�i��&� � _�gV`b]�y�ozh7|~e\^7`bop]r_�ezaugkgk]�`b]�cktb{�i%g�i�eza
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½4]�y�oPh7gka~7a�]�o2�e\·�gkc�7g�i�u&��c;��cktbop]%gka�7_�gxal_AePfgxozy	7_%g5lh7gkgx_�gk`�àz_l(y}h7g�ã&{�gk]%c;�®i%`ba~lh7`=�u%{�7`bop]!ck{�h7vwgka~ �Ï�`�àp{�h7g�¢z¢p� �'ÀX¥�al_�op{%tniZugOal`b|x`btnePh�7ow7_Aex�ozy�7_%g�±r²;³�´P²z��½"]�7_%g~a~7{Ai��



0�0Q¥ è ¥Á¢O¤�£§£� �¨�éÓê�ë7¤�£�¦F¢ � ì� �¤�  � ¢O£§¤jí¦F¢Ví � ¦ \21�Â

ÃVÄlÅ�Æ±[}\Q\�^X\�`�Ç�opqrfLn2s�qrc]npk³t}che�npk³tQnpf�tJt�qro'a&npega&jpk�cwjCm�tpa&nl|wqxe~qxf$#	!�qrays"!�e�#�ÈrfLjlv	kGt�q~É³e+!
nlk�t�ÈxfLjpv	kÊtpa&np|}qxe~qxfwËg|�Ì�jCm�Í�a+k�Î�c®È$npfha&i$nQq$n�e�fLq$qrc�a+kÏe*!�q�Ð/Î/z±n"cxqrvEnp#�ÑwjpfLj'ÒpÎ/zXn�npk�t
Ñwjpf�jp|}npk�a�mrjlfLqrc$e�É�z±jpe�cr�

nMinimumMaximumSDAverage

TULASEWA FOREST (Planted 1984)
January 1990

2390.2530.0260.0420.156Dbhob
2393.615.82.311.6Height
2392.114.42.39.1Crown depth
2250.84.60.82.6Crown diameter

January 1990, trees planted in 1980
150.3150.1820.0380.255Dbhob
158.119.73.214.7Height
155.015.12.410.5Crown depth
152.05.00.93.7Crown diameter

September 1991
1350.0450.2770.0440.181Dbhob
614.2182.613.1Height

September 1991, trees planted in 1980
140.1850.3390.0440.272Dbhob
715.720.61.717.9Height

KOROKULA FOREST (Planted 1979)
January 1990

1000.0950.2810.0360.204Dbhob
1006.019.12.614.7Height
1004.615.12.29.7Crown depth
990.29.01.23.0Crown diameter (2 m)
991.67.00.93.8Crown diameter (3 m)

September 1991
950.1000.3060.0380.211Dbhob

KOROMANI FOREST (Planted 1975)
January 1990

1000.1140.4610.0550.249Dbhob
1005.724.32.617.5Height
1003.516.52.211.1Crown depth
991.48.01.23.9Crown diameter (3 m)

September 1991
1000.1200.4790.0570.256Dbhob
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TVUXW�Y�ZL[J\Q\�^ 3�`�ÔFfLq$ÕrÎ�qxk�Èxu�tladche�fha&ixÎ/e�a&jlk�c�Ëgk³�Ö�Q���$Ì×jCm]e+!�q}tpa&np|}qxe~qxf�npe�ixfLq$n"che§!�qxays'!/e
Ë&Ç�Ì"#�!�qrays"!�eJË&%OÌ"#®ÈrfLjlv	kÁtpa&nl|wqxe~qxfGË$(�Ì npk³t ÈrfLjlv	kÁtQq�É�e*!�Ë*)�ÌGjCm�Í�a+k�Î�c×È$npfha&i$nQq$n
e�f�q�qrc®npe�nxs�q��"#��Q�Jnpk�t��Q���

Ø±Ù2ÚCÛ$Ü~ÝCÜ§Þyß�à³Þ ágÞ*â�ã�ÙhäOÛ$å"ÛLÚhâ�ÝCã�Û�ßlæ�ç�è/Û�Ú�Ù2Ø¿Ý�ÚCÛ$Û�Ü7é�êxç®ê2ë2Ûhé�èpìwí�ìQí$î{Ù2ß�Û$ÜEÞ{ß�í�ÚCÛhêxÜ�Ûhéwä�Þ¯ÝCã�ê2ë'Û
ÙxØ�ÝCã�ÛEØ±Ù2ÚCÛ$Ü~Ý�ï*ð'µ¼Þ{ß]ñ�æ�îyê2Ü�ÛLä	ê�Ø±Ù2ÚCÛ$Ü~ÝOÞyß�òhó2ó'ðlâ�ô'õ'µ¼Þyßbö�Ù2ÚCÙ2ç®ê2ß�Þ�ØdÙxÚCÛ$Ü~ÝL÷Lø�ù§ÜOê�ÚCÛ$Ü�æ�î{Ý�ÝCã�Û
Ý�ÚCÛ$Û�ã�Û$Þ{ë'ãpÝ§é�Þ{Ü~Ý�ÚCÞ{è�æQÝCÞyÙ2ßwí$æQÚCå"Û$Ü	Ü�ã�Ùhäúê2ßwÞ{ß�í�ÚCÛhê2Ü�Û$éwÜ�û"Û�ä�ß�Û�Ü�Ü�ÝCÙ�ÝCã�Û�î{Û�Ø±ÝEä�Þ¯ÝCãwÞ{ß�í�ÚCÛ$ê2Ü�Þ{ß�ë
Ø±Ù2ÚCÛ$Ü~Ý�ê2ë2ÛAï*à³Þyë2æ�ÚCÛ5ò2ò'ø ô'À	÷Lø
ñOã�Û�íLÚCÙrä�ß�é�ÞyêxçAÛ�ÝCÛ�Ú�Ø±ÚCÛhüpæ�Û�ß�í�ì7é�Þ{Ü~Ý�ÚCÞ{è�æ�ÝCÞ{Ù2ß�í�æ�ÚCå"Û$Ü�Ù2Ø�ñ�æ�îXêxÜ�Û�ä	ê	ØdÙxÚCÛ$Ü~ÝFêxß�é7ö�Ù2ÚCÙ2ç®ê2ß�Þ

Ø±Ù2ÚCÛ$Ü~Ý�ï*à³Þ{ë'æQÚCÛ¾ò'ò'ø ô'ý	÷LâVä�ã�Þ{íãGè/Ù2ÝCã�ã�ê2é�è/Û$Û$ß�þ�îyê2ßpÝCÛhé?êxÝ]ê�Ü�þ�ê2í�Þyß�ë¾Ù2Ø�ô"ÿxô�çwâVã�ê2éÊê
éQÞ���ÛLÚCÛ$ßpÝ�Ü�ã�ê2þ/Û5ÝCã�ê2ß�ÝCã�êxÝ�ÙxØ�ö�Ù2ÚCÙ2ûQæ�îyê]ØdÙxÚCÛ$Ü~Ý�ï+Ü�þ�ê2í$Þ{ß�ë��"ÿrôwçb÷Lâ�Ü�ã�Ùrä�Þ{ß�ë�ÝCã�ÛAÞ{ß���æ�Û$ß�í$Û
ÙxØ¿é�Þ���Û�ÚCÛ�ßlÝOÜ�þ�ê2í�Þyß�ë'Ü	Ù2ß]í�ÚCÙhä�ß�é�Û$å"Û�îyÙ2þ�çAÛ$ßpÝhø¿½�ß®ö�Ù2ÚCÙ'ç®êxß�Þ�Ø±Ù2ÚCÛ$Ü~Ýhâ�ê2ß�é®ÝCÙ²ê�ç�æ�íãbî{Û$Ü�Ü�ÛLÚ
Û��lÝCÛ$ßpÝ²Þyß?ö�Ù2ÚCÙ2ûlæ�îyê�Ø±Ù2ÚCÛ$Ü~Ýhâ	ë'ê2þ�Ü5äOÛ�ÚCÛ]í�ÚCÛhêxÝCÛ$éÊê2Ü®ê}ÚCÛ$Ü�æ�î{Ý®ÙxØ7í�ìQí$î{Ù2ß�Ûwé�ê2ç®êxë'Û'ø�ñ�ÚCÛ$Û�Ü
êrÝ�ÝCã�Û�ÛhéQë'Û�Ù2Ø�Ü�æ�íã}ë"êxþ�Ü�æ�Ü�æ�êxîyî¯ì}ã�ê'éwîyêxÚCë2Û�Ú�í�ÚCÙhä�ßJé�Þyê2çAÛLÝCÛ�ÚCÜEä�ã�Þ{íLã�Ü�ã�ÙhäVÛhé}æ�þ}Þ{ßwÝCã�Û
ØXÚCÛhüpæ�Û$ß�í�ìAéQÞyÜ~Ý�ÚCÞ{è�æ�ÝCÞ{Ù'ß�ÜVÙ2Ø�ÝCã�Û$Ü�ÛEØ±Ù2ÚCÛ$Ü~ÝCÜOê2ÜOê�Ü�û"ÛLä�ß�Û$Ü�Ü�ÝCÙ�ÝCã�Û	ÚCÞyë2ãpÝhøFà³Þ{ë'æ�ÚCÛ�ò'ò2ø ô�� Ü�ã�Ùhä�Ü
ÝCã�Û�ë2Û$ß�Û�Úêxî¿Þ{ß�í�ÚCÛhêxÜ�Û5Þ{ß�çAÛhê2ß}í�ÚCÙhä�ßJé�Û$þQÝCãwä�Þ¯ÝCã�Ø±Ù2ÚCÛ$Ü~Ý�êxë'Û'ø�ñOã�Û�å2êxÚCÞyêrÝCÞyÙ2ß�êrÚCÙ'æ�ß�éwÝCã�Û
çAÛhêxß�Þ{Ü�ã�Þ{ë'ã]ÝCã�ÚCÙ'æ�ë'ã�Ù'æ�Ý	ÝCã�Û�ÚCÙ2ÝêrÝCÞ{Ù'ß�ø

	
	������� ���FMOH������FM�����<�B�����D M���< �ÊM!��:�@#" � MO@ I���M��%$�BC:&��D
à�ÙxÚ¿ÛhêxíLã�ØdÙxÚCÛ$Ü~ÝFþ�î{Ù2Ý³þ�ÚCÛ('�êxß�é�þ/Ù'Ü~Ý)'&í�ìQí$î{Ù'ß�Û � ù§½gÜ�äOÛ�ÚCÛOí$ê2î{í$æ�îyêrÝCÛhé�èpì7í�Ù'ç²è�Þ{ß�Þ{ß�ëEÛ$Ü~ÝCÞ{ç®êxÝCÛ$Ü
ÙxØ7ØdÙ2îyÞyêxë'Û�è�Þ{Ù'ç®êxÜ�Ü}ï+*QÛ$íLÝCÞyÙ2ß ò2ò'ø õlø �'÷5ä�Þ¯ÝCã�ÝCã�Û,* � ù ï+*lÛ$í�ÝCÞ{Ù'ß ò'ò2ø ôlø ô"÷Lø ñOã�Û]ÚCÛ$Ü�æ�î¯ÝCÜbêxÚCÛ
þQÚCÛ$Ü�Û$ßpÝCÛhé�Þ{ß}ñ³êxè�î{Û5ò'ò2ø �lø�ñOã�Û�þ�ÚCÛ('&í�ìQí$î{Ù'ß�Û � ùE½Vä	êxÜ§î{ÙhäOÛ$Ü~Ý§Þ{ß}ñ�æ�îXêxÜ�Û�ä	ê5Ø±Ù2ÚCÛ$Ü~Ýhâ�ä�ã�Û�ÚCÛhêxÜ
ÝCã�Û�ã�Þ{ë2ã�Û$Ü~Ý�å2ê2î{æ�ÛEä	êxÜOØdÙ'æ�ß�éAØdÙxÚ�ö�Ù2ÚCÙ'ûlæ�îXê�ØdÙxÚCÛ$Ü~Ýhâ�éQæ�ÛEÝCÙ²Þ¯ÝCÜOã�Þ{ë2ã�Û�Ú�Ü~ÝCÙpíûlÞyß�ë�ï+í$Ù2çAþ�êrÚCÛhé
ÝCÙ�ö�Ù2ÚCÙ2ç®ê2ß�Þ�ØdÙ2ÚCÛ�Ü~ÝL÷Lø.-³Ù2Ü~Ý)'&í�ìQí$î{Ù'ß�Û � ùE½gÜ$âlçAÛhêxÜ�æ�ÚCÛhéAÜ�Ù'çAÛ0/r´pó�çAÙ2ßlÝCã�ÜVêrØ±ÝCÛ�Ú	ÝCã�Û§íLì�í�îyÙ2ß�Û
Û$å'Û$ßpÝhâ�äOÛLÚCÛbÜ�Þ{ë2ß�Þ�1�íhêxßpÝCî{ì�î{ÙräVÛ�Ú]ï32F.©ðlø ð"õ'÷�Þ{ß×Ü�þ�Þ¯ÝCÛAÙ2Ø�ÝCã�Û5ÚCÛ$ë'Û$ß�Û�ÚêxÝCÞ{Ù2ß×Ù2Ø�ØdÙ2îyÞyêxë'Û®ÝCã�êxÝ
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ÃVÄlÅ�Æ±[ \�\Q^¯_/` Í�fLq�<Jnlk�tÏÉ�jpche�<ÈxuQÈrz±jpk�qÊz±q�nmÊnlfLq$n a+k�tpa&È$qrcÊn"cGjQixe~nla+k�q$t¾m$fLjp| mrjlz{a&nxs�q
ixa&jp|}n"c$c]qrc$ega+|}npe�qhc$#�nlk�t�m$fLjp|ÖÍ¿Ç>=Önle�e�qxk�Î�npega&jpk?|wq$n"chÎ/fLqx|}qrk�e&c}Ë@?��P�Q�+�l�rÌQ�BA�e~nlk�<
t�npfLtJtQqxo2a&nle�a&jlk�c]npf�q�sQa+o"qxkÊi$qxe�vEq$qxkwÉ�nlfLqxk�e*!�qrcrqrc$#EkÏfLq�É�f�qhcxqxk�e�c�e*!�qbk�Î/|}i�qxfAjCm5egfLq$qhc
ËCixa&jp|}n"c$c�qrche�a+|}npe�qrcgÌAjpf�e+!�q�k�Î/|wi$qxf�jCm§cxnp|�É�zya+k�sAz±j2È$npega&jpk�c²ËCÈ$q�É�e�jp|}qre�qrf�qrc$ega+|}npe�qhc~ÌQ�

                Post-cyclone LAI                Pre-cyclone LAI
nCeptometernBiomassnCeptometernBiomassLocation

[m2 m-2][m2 m-2][m2 m-2][m2 m-2]

601.5 (1.1)1351.7 (0.6)503.7 (1.5)2393.5 (0.9)Tulasewa forest

1053.5 (1.4)953.2 (0.7)1004.4 (0.7)Korokula forest

742.4 (1.3)1003.1 (0.8)1004.0 (0.7)Koromani forest
654.0 (1.2)Koromani meteosite North
663.0 (1.4)Koromani meteosite South

1313.5 (1.4)Koromani meteosite

ã�ê2é]Ùpí$í$æQÚ�ÚCÛhé�Þ{ß]ÝCã�Û�çAÛhê2ßbÝCÞ{çAÛ'ø
� ùE½Vå2ê2î{æ�Û�ÜOäOÛ�ÚCÛ�êxîyÜ�Ù²íhê2î{í$æ�îXêrÝCÛhé�Ø±ÚCÙ2ç�-�ù0C êxÝ�ÝCÛ$ßlæ�êxÝCÞ{Ù'ß]çAÛhê2Ü�æQÚCÛ$çAÛ$ßpÝCÜ7ï@-FÞyÛLÚCí$Û�ê2ß�é

C§æ�ß�ß�Þyß�ë�â�òhóEDFD"÷Eæ�Ü�Þ{ß�ë5ÝCã�Û�À�Û$Û�Ú)' � êxç²è/Û�Ú�ÝEÛhüpæ�êrÝCÞ{Ù'ß×ï+*QÛ�í�ÝCÞ{Ù'ß¾ò'ò2ø �'÷Lø§ÀVÛ$î{Ùhä�'&íhê2ß�Ù'þpì�-�ù0C
å'êxî{æ�Û$Ü5Úêxß�ë'Û$éÊè/Û�ÝgäVÛ$Û$ßÊô"µ ê2ß�éHGJIpµ>Ù2Ø�Þ{ß�í$Ù'çAÞ{ß�ë�-�ù0C�Þ{ß ñ�æ�îyêxÜ�Û�ä	ê�Ø±Ù2ÚCÛ$Ü~Ýhâ	ä�Þ¯ÝCã êxß
êhå"Û�Úê2ë2Û�Ù2Ø.�2ð'µbøEùEØXÝCÛ�Ú§ÝCã�Û7ØdÙxÚCÛ$Ü~Ý�äOê2Ü7é�ê2ç®êxë'Ûhéwèpìbí�ìQí$î{Ù'ß�ÛB*lÞyß�êAê5îyêxÚCë'ÛLÚ�Úê2ß�ë'Û�Ù2ØKD'µ�´
D"õ2µ ä	ê2Ü�Ù'è�Ü�Û�ÚCå"Ûhé�ê2ß�é�ÝCã�ÛL-�ù0C¼ä�Þ¯ÝCã�Þ{ß�ÝCã�Û²ØdÙxÚCÛ$Ü~ÝAêhå"Û�Úêxë'Ûhé�ô'ó"µ�ÙxØOÝCã�êrÝ�Ù2æ�ÝCÜ�Þyé�Û5ÝCã�Û
ØdÙxÚCÛ$Ü~Ýhø&-³Ù'Ü~Ý)'&í�ìQí$î{Ù'ß�Û²êhå"ÛLÚê2ë'Û�å2ê2î{æ�Û�Ü§ÙxØ�è/Û�îyÙhä�'&íhêxß�Ù'þpìM-�ù&CúÞ{ß}ö�Ù2ÚCÙ2ûlæ�îyêAê2ß�éwö�Ù2ÚCÙ'ç®êxß�Þ
ØdÙxÚCÛ$Ü~ÝCÜ�Úêxß�ë'Û$éAØXÚCÙ'ç�òN/h´lôF/'µ Ù2Ø�Þ{ß�í�Ù'çAÞ{ß�ë>-�ù0C�øPO§Ù�þ�ÚCÛ('&í�ìQí$î{Ù2ß�Û�Ù'è�Ü�Û�ÚCå'êrÝCÞ{Ù'ß�Ü�äOÛ�ÚCÛEç®ê'éQÛ
Þ{ß]ÝCã�Û�Ü�Û7ØdÙ2ÚCÛ�Ü~ÝCÜ$ø
½gß�ö�Ù2ÚCÙ2ç®ê2ß�ÞpØ±Ù2ÚCÛ$Ü~Ý�þ/Ù'Ü~Ý)'&í�ìQí$î{Ù'ß�Û	í$Û$þQÝCÙ'çAÛ�ÝCÛ�Ú³çAÛhê2Ü�æQÚCÛ$çAÛ$ßpÝCÜ�äOÛLÚCÛ	ç®ê'é�ÛVÞyß�ÝCã�ÛVØ±Ù2ÚCÛ$Ü~Ý

þ�î{Ù2Ý�êxÜFäVÛ$î{î�êxÜ�Þ{ß²ÝCã�Û	êxÚCÛ$ê7Ü�æ�Ú�ÚCÙ'æ�ß�éQÞyß�ë§ÝCã�Û	çAÛ�ÝCÛ$Ù2ÚCÙ2î{Ù'ë'Þ{íhêxî�ÝCÙhäOÛ�ÚEï+ö�ÙxÚCÙ'ç®ê2ß�ÞlçAÛ�ÝCÛ$Ù'Ü�Þ¯ÝCÛr÷Lø
ñ�ÙwÝCã�Û®ß�Ù2Ú�ÝCã¾ÙxØEÝCã�ÛAÚCÙ"ê'éGï*à³Þ{ë2æ�ÚCÛ]ôQø ô"÷�ÝCã�ÛAØdÙxÚCÛ$Ü~Ý²äOê2Ü5éQÛ$ß�Ü�ÛLÚ�ÝCã�ê2ß�ÝCã�êxÝ�ÝCÙwÝCã�Û®Ü�Ù'æQÝCã
Ù2Ø¿ÝCã�Û�ÚCÙ"ê2é�ä�ã�Þ{íLã�ã�ê'é]Ü�æ�Ü~Ýê2Þ{ß�Ûhé�í$Ù2ß�Ü�Þyé�Û�Úêxè�î{Û�é�ê2ç®êxë'Û7ØXÚCÙ'ç�í�ìQí$î{Ù'ß�Û$Ü$øOñOã�Þ{Ü§Ü�ã�ÙräVÛhéwæ�þ
ß�ÛhêrÝCî¯ì]Þ{ßbÝCã�Û � ù§½Vå2ê2î{æ�Û$Ü	Ù'èQÝê2Þ{ß�ÛhébØdÙ2Ú�ÝCã�Û�ÝgäVÙ5î{ÙpíhêxÝCÞ{Ù'ß�Ü�ï*ñ�ê2è�î{Û5ò2ò'ø �'÷LøVñOã�Û�îyêxÚCë2Û7Úê2ß�ë'Û
Þ{ß � ù§½Eå'êxîyæ�Û$Ü7Ù2è�Ýê2Þ{ß�Ûhé�Ø±Ù2Ú�ö�Ù2ÚCÙ2ç®ê2ß�Þ³ØdÙ2ÚCÛ�Ü~Ý�ÚCÛ���Û$í�ÝCÜ7ÝCã�Û²å2êxÚCÞyêxÝCÞ{Ù2ß�Þ{ß�ÝCã�Û²íhêxß�Ù2þlì�êxÜ�ê
ÚCÛ$Ü�æ�î¯ÝEÙ2Ø³í�ìQí$î{Ù'ß�Û�é�ê2ç®êxë'Û'ø
ñOã�Û � ù§½Eå2ê2î{æ�Û$Ü�íhêxî{í$æ�îyêxÝCÛ$é�Ø±ÚCÙ2çQ-�ù0CÁêxÝ�ÝCÛ$ßlæ�êxÝCÞ{Ù'ßJçAÛhê2Ü�æQÚCÛ$çAÛ$ßpÝCÜ7æ�Ü�Þ{ß�ë]ÝCã�Û²ÀVÛ$Û�Ú)'

� êxç²è/Û�Ú�Ý�Ûhüpæ�êrÝCÞ{Ù'ßAäOÛ�ÚCÛ�ä�Þ¯ÝCã�Þ{ßR�'õ2µÁÙ2Ø�ÝCã�Ù'Ü�ÛEÙ'è�ÝêxÞ{ß�Ûhé5Ø±ÚCÙ2çÁÝCã�Û§è�Þ{Ù'ç®ê2Ü�ÜVê2ß�éL* � ùGçAÛ$ê�'
Ü�æ�ÚCÛ$çAÛ�ßlÝCÜ$ø%S¿�QÝCÞ{ß�í�ÝCÞ{Ù'ß5í$ÙpÛ�TAí$Þ{Û$ßpÝCÜ�í�Ù'æ�îyé²è/Û	í$ê2î{í$æ�îyêrÝCÛhé²ØdÙxÚ�ÝCã�ÛOØdÙxÚCÛ$Ü~ÝVÜ�Þ¯ÝCÛ$Ü�èpì�í$Ù'ç�è�Þ{ß�Þ{ß�ë
ÝCã�Û0-�ù0C êrÝ�ÝCÛ$ßlæ�êxÝCÞ{Ù2ß]å2ê2î{æ�Û�Ü�ä�Þ¯ÝCãbÝCã�Û � ù§½Få2ê2î{æ�Û$ÜVé�Û�ÚCÞ{å"Û$éAØXÚCÙ'ç è�Þ{Ù'ç®êxÜ�ÜOçAÛhê2Ü�æQÚCÛ$çAÛ$ßpÝCÜ$ø
ñOã�Þ{Ü§ÚCÛ�Ü�æ�î¯ÝCÛhéwÞ{ßVU�å2ê2î{æ�Û$Ü�ÙxØVðlø IP/bê2ß�é}ðlø õ'õ5ØdÙ2Ú§ÝCã�Û�þ�ÚCÛ('Vê2ß�é}þ/Ù'Ü~Ý)'&í�ìQí$î{Ù'ß�Û�Ø±Ù2ÚCÛ$Ü~Ý�êxÝ�ñ�æ�'
îyê2Ü�Û�äOêQâ¿ÚCÛ$Ü�þ/Û$íLÝCÞyå'Û$î¯ìpâ³ä�ã�Û�ÚCÛ$ê2Ü�þ/Ù'Ü~Ý)'&í�ìQí$î{Ù'ß�ÛAå'êxîyæ�Û$Ü�Ù2ØEðlø I"õ}ê2ß�é�ðQø I"ô�äVÛ�ÚCÛ®Ù'è�ÝêxÞ{ß�ÛhéJØ±Ù2Ú
ö�Ù2ÚCÙ2ûQæ�îyêwê2ß�é¾ö�Ù2ÚCÙ'ç®êxß�ÞFØdÙxÚCÛ$Ü~ÝCÜ$â¿ÚCÛ$Ü�þ/Û$í�ÝCÞ{å"Û�î{ìpøwñOã�Û$Ü�Û®å2ê2î{æ�Û�Ü²êrÚCÛbí�îyÙ2Ü�ÛAÝCÙwÝCã�Û®êhå"Û�Úêxë'Û
Û��lÝCÞ{ß�í�ÝCÞ{Ù'ß®í$ÙpÛ�TAí$Þ{Û$ßpÝ	Ù2Ø�ðQø õE��ØdÙ2æ�ß�é®Ø±Ù2Ú	í$Ù2ß�Þ¯ØdÛLÚCÙ'æ�ÜOØ±Ù2ÚCÛ$Ü~ÝCÜ	Þ{ßAÝCÛ$çAþ/Û�ÚêrÝCÛ§í�îyÞ{ç®êrÝCÛ$Ü7ï*«"êrÚCåQÞ{Ü
W ¸	·'¹y°{â�ò$óPG�/"÷Lø-³Ù'Ü~Ý)'&í�ìQí$î{Ù2ß�Û�í$ê2ß�Ù2þpìÏë"ê2þÏØ±Úêxí�ÝCÞ{Ù'ß�Ü5Úê2ß�ë2Ûhé×Ø±ÚCÙ'ç>ê�çAÞ{ß�Þyç�æ�çÖÙ2ØX�FGlï+Y��F�2÷�µ Þ{ßÏÝCã�Û
ØdÙxÚCÛ$Ü~ÝAÜ�æ�Ú�ÚCÙ2æ�ß�é�Þ{ß�ë}ÝCã�Û®çAÛ�ÝCÛ�Ù2ÚCÙ'î{Ù2ë'Þ{íhê2î	ÝCÙhäOÛLÚAÞ{ß?ö�ÙxÚCÙ'ç®êxß�ÞVÝCÙJõ2ðQï+Y��E/'÷�µ Þ{ß?ñ�æ�îyê2Ü�ÛLä	ê
ØdÙxÚCÛ$Ü~ÝhøAñOã�Û5íhê2ß�Ù'þpì�ë"êxþJØXÚê2í�ÝCÞ{Ù'ß�çAÛhê2Ü�æQÚCÛhé�Þ{ß�ö�Ù2ÚCÙ2ûQæ�îyêbØdÙxÚCÛ$Ü~Ý�ä	êxÜ6�ED�ï+Y��xô"÷�µbø5ù§ë'ê2Þ{ß
ÝCã�Û�ÚCÛEä	êxÜ�ê�í$Ù2ß�Ü�Þyé�ÛLÚê2è�î{Û7å2êxÚCÞyêrÝCÞyÙ2ß�ÙxØ�ÝCã�Û§íhê2ß�Ù'þpìAë'ê2þ]ØXÚê2í�ÝCÞ{Ù2ß�Þ{ß]ö�ÙxÚCÙ'ç®êxß�Þ�ØdÙxÚCÛ$Ü~Ý�ä�Þ¯ÝCã
ê�çAÞ{ß�Þyç�æ�ç ÙxØVòhóQï+Y�òN/'÷�µ Þ{ßbÝCã�ÛEØ±Ù2ÚCÛ$Ü~Ý�ß�Ù2Ú�ÝCãbÙ2Ø�ÝCã�Û§ÚCÙ'ê'ébê2ß�ébê�ç®êx�QÞ{ç²æ�ç Ù2Ø�IF/�ï+Y���/"÷�µ
ä�Þ¯ÝCã�Þ{ß]ÝCã�Û�þ�î{Ù2Ý�ï[Z3\h°�*QÛ$í�ÝCÞ{Ù2ß,/Qø I�ø{òh÷Lø
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Ã�ÄQÅ�Æ±[]\�\Q^ g�`�=�q~slf�qhc$cha&jpk�È$jlk�che~nlk�e�c]ËCnPh§iCÌPhOc$e�npk³tQnlfLt�qxfhfLjpf$c}ËiAkj�Ì}jCm5e@l�q®|wq$npk�cmh�È$j^<
q+n�Èxa&qrk�e&c�jCm�t�qre�qxfh|]a+k³npega&jpk×npk�tAche~nlk�tQnlfLtbqxfhfLjlf$c�jm�qrc$ega+|}npe�q®Ë+j�=6jVÌOmrjlf�fLq~slf�qhc$cha&jpk
npk³npz{u"cxqrc7Î�cha+k�sbnA|�Î/z{ega É�z{a&È$nle�a+opq�|wj'tQqxzFË@oVprqKsutVvJouw^vJxgÌ®jpk�egvEj®ixa&jp|}n"c$c�tQnle~nAcxqre�cx�
Ð�l�q]k�Î/|}i$qrf®jCm5egfLq$qrc²adcAfLq�É�fLqrcxqrk�e~q$tJiru}k³�

nERER-squaredSEbSEaDependent variable

6171.1560.7610.01650.72951.027648.2787Sound trees
8111.1950.6340.01820.68321.029643.5496All trees

y�yRz[{ |~}��!�������!���R��}����~�����f�R�#�����������������J������}.}

*lÛ$å"Û�Úêxî�Ü~ÝCæ�é�Þ{Û$ÜFã�êhå"Û	è/Û$Û�ß5þ�æ�è�î{Þ{Ü�ã�Ûhé�é�ÛhêxîyÞ{ß�ë7ä�Þ{ÝCã�ÝCã�Û	íã�ê2ß�ë'Û$ÜFÞ{ßAêxè/Ùxå'Û('&ë2ÚCÙ'æ�ß�é²è�Þ{Ù'ç®ê2Ü�Ü
êxß�é�ßlæ�Ý�ÚCÞ{Û$ßpÝ�í$Ù2ßpÝCÛ$ßpÝ�Ù2Ø0�! ¢¡¤£^¥LZC·E¦§ @¨C· W ·Jþ�îXêxßpÝêxÝCÞ{Ù'ß�Ø±Ù2ÚCÛ$Ü~ÝCÜ²êxÝ�å2êxÚCÞ{Ù'æ�Ü�Ü~Ýêxë'Û$Ü²é�æQÚCÞyß�ë}ê
ÚCÙxÝêxÝCÞ{Ù'ß�ø}½gß�ÝCã�Û$Ü�ÛAÜ~ÝCæ�éQÞ{Û$Ü�ÝCã�Û5ä�ã�Ù2îyÛ�'&Ý�ÚCÛ�Ûbè�Þ{Ù'ç®ê2Ü�Ü�ê2ß�éJÝCã�ÛAè�Þ{Ù'ç®ê2Ü�Ü�Ù2Ø	ÝCã�Û5Ý�ÚCÛ$Û®í$Ù'çB'
þ/Ù2ß�Û$ßpÝCÜ�ï+Ü~ÝCÛ$ç�äVÙpÙlé�âEÜ~ÝCÛ$ç�è�êxÚCû/â�èQÚê2ß�íã�Û�Ü�êxß�éÊß�Û$Ûhé�î{Û$Ü÷®êxÚCÛ�ë'Û�ß�Û�Úêxîyî¯ì�ÚCÛ$îyêxÝCÛhéGÝCÙ¾Ý�ÚCÛ$Û
éQÞXêxçAÛ�ÝCÛ�Ú]ï@S�ë2æ�ßxá~Ù'è�Þ�ê2ß�é?ÀVê'é�êlâ§ò$óPGxóa©�C§ê2ß�í$Û W ¸�·2¹y°yâ	òhóEDP�^©�ö�ê2é�Û$è�êQâ�òhó2óQòh÷²Ù2Ú5å'Ù'î{æ�çAÛ'â
Û��QþQÚCÛ$Ü�Ü�Ûhé?ê2ÜLªB«m¬�E«m®J¬ ï@S�ë2æ�ßxá~Ù'è�Þ+â7òhóFGE/a©�â�ò$óFD2ô"÷5Ù2ÚbêxÜ®ða¯ õ²ÿX°6± ÿ�¬�â7ï3CEæ�Ü�Ü�Û$î{î+â7òhóED'ô'÷
ä�ã�Û�ÚCÛ�°6±�ÚCÛ$þQÚCÛ$Ü�Û$ßpÝCÜ�è�ê2ÜCêxî�êxÚCÛhê×ï3C§ê2ß�í�Û W ¸�·2¹ øyâ�ò$óFDP�2÷Lø¾ùEî{îyÙ2çAÛ�Ý�ÚCÞ{íbÚCÛ�ë2ÚCÛ$Ü�Ü�Þ{Ù'ß?çAÙlé�Û�îyÜ
ÙxØ�ÝCã�Û�Ø±Ù2ÚCç©î{ß&²~³µ´6¶·«/îyß
¸�â/ä�ã�Û�ÚCÛ6²�ê2ß�éM¸ÖÚCÛ$þQÚCÛ$Ü�Û$ßpÝ�éQÛ$þ/Û$ß�éQÛ$ßpÝ§ê2ß�éwÞ{ß�é�Û$þ/Û$ß�é�Û$ßpÝ
å2êxÚCÞyê2è�î{Û$ÜVÚCÛ$Ü�þ/Û$íLÝCÞyå'Û$î¯ìpâpäOÛ�ÚCÛEæ�Ü�ÛhéAÞ{ßAÝCã�Û$Ü�Û§Ü~ÝCæ�éQÞyÛ�Ü$ø�-FÚCÛ$ålÞ{Ù'æ�Ü�äVÙ2ÚCûAÙ'ßAÝCã�Û�éQÛ�ÝCÛ�ÚCçAÞ{ß�êrÝCÞyÙ2ß
ÙxØ	è�Þ{Ù'ç®êxÜ�Ü�Ù2Ø�þ�Þ{ß�ÛAþ�îyê2ßpÝêxÝCÞ{Ù2ß�Ü�Þ{ß×à³Þ á~Þ�äOê2Ü�íhêrÚ�ÚCÞyÛ$é¾Ù'æ�Ý�èpì�ýVîyê2Û$Ü�Ù2ß W ¸�·'¹ ø�ï~òhóEDEI"÷Lâ¿ä�ã�Ù
í$Ù2çAþ�êrÚCÛhé�ØdÙ2æ�Ú�ÚCÛ�ë2ÚCÛ$Ü�Ü�Þ{Ù'ßJçAÙlé�Û$î{ÜEÙ'ß�ê®é�êrÝê®Ü�ÛLÝ7Ù2Ø�òmD®Ý�ÚCÛ$Û�Ü$ø7ñOã�Û�ì�Ø±Ù'æ�ß�éwÝCã�êxÝEÝCã�Û�î{Ù'ë�'
êrÚCÞ{ÝCã�çAÞ{í5çAÙlé�Û$î¿ÚCÛ$îyêrÝCÞyß�ëwäOÛ$Þ{ë2ãlÝ�ÝCÙ�å"Ù'î{æ�çAÛ]ï@ªB«m¬¤�« ® ¬/÷�Ü�ã�ÙhäOÛhéJÝCã�Û5ã�Þ{ë2ã�Û$Ü~Ý�í$ÙxÚ�ÚCÛ$îyêxÝCÞ{Ù'ß
í$ÙpÛ�TAí$Þ{Û$ßpÝCÜ$øO½&Ý�ÞyÜEí$Ù2çAçAÙ'ß]ÝCÙ�ÚCÛ$îyêxÝCÛ�è�Þ{Ù'ç®êxÜ�ÜEÝCÙBªB«m¬¤�«�Ù'ß�î{ìJï@-¿êxÚéK¹Û'â�òhóFD2ð"÷�è/Û$íhê2æ�Ü�Û7ÝCã�Û
Þ{ß�í�îyæ�Ü�Þ{Ù'ßÊÙxØ�¬ÊÙxØ±ÝCÛ$ßÊé�ÙpÛ$ÜAß�Ù2ÝAÞ{çAþQÚCÙxå'ÛbÝCã�ÛR1�Ý5Ù2Ø7ÝCã�Û]ÚCÛ$ëxÚCÛ$Ü�Ü�Þ{Ù'ß�ï3C§ê2ß�í$Û W ¸�·'¹ ø{â�ò$óFDF�^©
ýVîyê2Û�Ü�Ù'ß W ¸�·'¹y°yâEòhóEDEI"÷LøÊ¬§ÙräVÛ$å"Û�Úhâ�ÝCã�Û]Þ{ß�í$î{æ�Ü�Þ{Ù2ßÊÙ2Ø�ã�Û$Þ{ë2ãlÝ5ÞyßÏÝCã�ÛbÚCÛ$ë2ÚCÛ�Ü�Ü�ÞyÙ2ßGÛhüpæ�êrÝCÞ{Ù'ß�Ü
éQÙpÛ$ÜVç®êxû"Û�Ü�Û$ß�Ü�Û§ÞyßAÝCã�Û§à³Þ ágÞ/Ü�Þ{ÝCæ�êxÝCÞ{Ù'ß�âlä�ã�Û�ÚCÛ�ÝCã�Û�ØdÙxÚCÛ$Ü~ÝCÜ	êxÚCÛ§Ù2ØXÝCÛ$ßbé�ê2ç®êxë'ÛhéAèpì5íLì�í�îyÙ2ß�Û$Ü
ä�ã�Þyíã]ÚCÛ�Ü�æ�î¯ÝCÜ�Þyßwê²þ/ÙpÙ2ÚEí$ÙxÚ�ÚCÛ$îyêxÝCÞ{Ù'ß}è/Û�Ý�äOÛ$Û�ßMªB«m¬�E«�êxß�é�¬bØdÙ2Ú�é�êxç®ê2ë2ÛhébÝ�ÚCÛ$Û�Ü$øVñ�Ù5Þ{îyî{æ�Üº'
Ý�ÚêrÝCÛOÝCã�Þ{Ü$âlé�ÞyêxçAÛ�ÝCÛ�Ú)'&ã�Û$Þ{ë2ãlÝ¿ÚCÛ�îXêrÝCÞ{Ù'ß�ÜFäOÛLÚCÛEÛ�Ü~Ýê2è�î{Þ{Ü�ã�Û$é5æ�Ü�Þ{ß�ë�é�êxÝê7í$Ù2î{îyÛ�í�ÝCÛhéAêxÝ�ñ�æ�îyê2Ü�Û�äOêQâ
ö�ÙxÚCÙ'ûlæ�îyê�ê2ß�é5ö�Ù2ÚCÙ'ç®êxß�ÞQØdÙ2ÚCÛ�Ü~ÝCÜ$øVñOã�ÛEé�êxÝê�Ü�Û�Ý�í$Ù2ß�Ü�Þ{Ü~ÝCÛhéAÙ2ØuDQò2ò§Ý�ÚCÛ�Û$ÜVÙxØ�ä�ã�Þ{íLãwò$óEI�äOÛ�ÚCÛ
é�ê2ç®ê2ë2Ûhéwèpì�íLì�í�îyÙ2ß�Û$Ü$ø
CEÛ$ëxÚCÛ$Ü�Ü�Þ{Ù'ß�ê2ß�ê2î¯ìQÜ�ÞyÜ§ä	ê2Ü§þ/Û�Ú�ØdÙxÚCçAÛhé�Ù2ßwÝCã�Û�ä�ã�Ù2îyÛ�é�êrÝê5Ü�Û�Ýhâ�êxß�é
Ù2ß�êbÜ�ç®ê2î{î{Û�Ú�é�êrÝê]Ü�Û�Ý�í�Ù'ßpÝê2Þ{ß�Þ{ß�ëwÜ�Ù'æ�ß�é}Ý�ÚCÛ$Û$Ü�Ù'ß�î¯ìÏï+ßk³~/lòJG'÷Lø²ù¼ç²æ�î¯ÝCÞ{þ�î{Þ{íhêrÝCÞyå'Û²çAÙlé�Û�î
ï@¬b³»´bÿXªB«m¬¤�«m¼�÷�ë"êhå"Û]ÝCã�Ûwè/Û$Ü~Ý�1�Ý5ä�Þ¯ÝCãGê�í$ÙpÛ(TAí$Þ{Û$ßpÝbÙ2Ø�é�Û�ÝCÛ�ÚCçAÞ{ß�êxÝCÞ{Ù'ß ïdÚ�®$÷²Ù2Ø�ðQø GE/
Ø±Ù2Ú7ÝCã�Û�Ü�Ù2æ�ß�é�Ý�ÚCÛ�Û5é�êrÝêAÜ�Û�Ýhø�ñOã�Û�í$ÙpÛ(T5í$Þ{Û$ßpÝ�Ù2ØVé�Û�ÝCÛLÚCçAÞyß�êxÝCÞ{Ù'ß�éQÛ$í�ÚCÛhêxÜ�Ûhé}ÝCÙ�ðlø /2ô®ä�ã�Û$ß
é�ê2ç®ê2ë2Ûhé�Ý�ÚCÛ�Û$Ü¿äOÛ�ÚCÛ�Þ{ß�í$î{æ�é�Ûhé�ø¿ñOã�ÛOÚCÛ�Ü�æ�î¯ÝCÜFÙ2Ø/ÝCã�Û�ÚCÛ$ë2ÚCÛ$Ü�Ü�Þ{Ù2ß]êxß�êxî{ìQÜ�Û$Ü�êxß�é�ÝCã�ÛOíhê2î{í$æ�îyêxÝCÛhé
ÚCÛ$ëxÚCÛ$Ü�Ü�Þ{Ù'ß]îyÞ{ß�Û$Ü	êxÚCÛ§Ü�ã�Ùhä�ßbÞyß]ñ³êxè�î{Û�ò2ò'ø ô²êxß�é®à³Þ{ë'æ�ÚCÛ�ò'ò2ø I�ÚCÛ$Ü�þ/Û$í�ÝCÞ{å"Û�î{ìpø¿ñOã�Û�Þ{ß�í$î{æ�Ü�Þ{Ù'ßbÙ2Ø
í�ìQí$î{Ù2ß�Û�é�êxç®ê2ë2ÛhébÝ�ÚCÛ$Û�Ü�ÚCÛ�Ü�æ�î¯ÝCÛhé�Þ{ß}êB/'µ é�Û$íLÚCÛhê2Ü�Û�Þ{ßwþQÚCÛhé�Þ{í�ÝCÛhé®Ý�ÚCÛ$Û�ã�Û�Þyë2ãpÝhø
ñOã�Û	Ý�ÚCÛ$Û	è�Þ{Ù'ç®êxÜ�Ü�é�êxÝê7í�Ù'î{î{Û$í�ÝCÛhéAéQæ�ÚCÞ{ß�ëEÝCã�Û	þ�ÚCÛ�Ü�Û$ßpÝ�Ü~ÝCæ�éQì�Þ{ßBO7êxè/Ù'æ�ØdÙ2ÚCÛ�Ü~Ý	êxÚCÛ	ë2Þ{å"Û$ß

Þ{ßAñ³êxè�î{Û�ò'ò2ø IQø�ñOã�Û�ì�äOÛLÚCÛEí�Ù'ß�Ü�Û$ülæ�Û$ßpÝCî¯ì�í�Ù'ç²è�Þ{ß�Ûhé�ä�Þ{ÝCã�ÝCã�Ù'Ü�Û�í$Ù2î{îyÛ�í�ÝCÛhé5èpì²ýVîXêxÛ$Ü�Ù'ß W ¸F·2¹ ø
ï~ò$óFDEI"÷Vï+Ü�æ�çAç®êrÚCÞ¾½�Ûhé7Þ{ß²ñ³êxè�î{Û�ò2ò'ø õ'÷�ÝCÙEÙ'èQÝê2Þ{ß²êEé�êrÝêEÜ�ÛLÝ¿Ù2Ø�ôP�OÝ�ÚCÛ$Û$Ü³ØdÙxÚ³ä�ã�Þ{íã�Û�¿�þQÚCÛ$Ü�Ü�Þ{Ù'ß�Ü
äVÛ�ÚCÛ}Ù'èQÝê2Þ{ß�Ûhé?ØdÙ2ÚbÝCã�ÛwÝCÙxÝê2î�Ý�ÚCÛ$Û}è�Þ{Ù2ç®ê2Ü�Übê2ß�é�ØdÙxÚ]ÝCã�Ûwç®ê2Ü�Ü®Ù2Ø�ÝCã�Ûwè/Ù'î{Û'âEÜ~ÝCÛ$ç�äOÙpÙlé�â
Ü~ÝCÛ$ç�è�êrÚCûÏê2ß�é?è�Úêxß�íã�Û$Ü$øSÀ�Û$íhê2æ�Ü�Û�ýVîyê2Û$Ü�Ù2ß W ¸5·'¹ øEï~ò$óFDEI"÷Aé�Þyé�ß�Ù2Ý®ç®ê2û'Ûwê¾éQÞyÜ~ÝCÞ{ß�í�ÝCÞ{Ù'ß
è/Û�Ý�äOÛ$Û�ßAè�Úê2ß�íLã�Û$Ü�ê2ß�é�Ýgä�Þ{ë'Ü$âQÛ(¿Qþ�ÚCÛ�Ü�Ü�ÞyÙ2ß�Ü�ØdÙ2Ú�ÝCã�Û�Ü�Û§í$Ù2çAþ/Ù'ß�Û$ßpÝCÜFäVÛ�ÚCÛ�Ù'èQÝê2Þ{ß�Ûhé5ØXÚCÙ'ç ÝCã�Û
é�êxÝê²í$Ù2î{îyÛ�í�ÝCÛhé}é�æQÚCÞ{ß�ë�ÝCã�Û7þ�ÚCÛ�Ü�Û$ßpÝ§Ü~ÝCæ�éQì�ï~òhõ�Ý�ÚCÛ$Û$Ü÷OÙ'ß�î¯ìpø
ù�î{Ù2ë"êxÚCÞ¯ÝCã�çAÞyí�çAÙléQÛ$îVï+î{ß�²r³b´X¶À«/î{ß
¸�÷Oä	ê2Ü§æ�Ü�ÛhébØdÙ2Ú�è�Þ{Ù'ç®êxÜ�Ü§Û�Ü~ÝCÞyç®êrÝCÞ{Ù'ß�Ü$â�ä�ã�Û�ÚCÛ

² ÚCÛ$þQÚCÛ$Ü�Û$ßpÝCÛhéAÝCã�Û§äVÛ$Þ{ë'ãpÝ�Ù2Ø�ÝCã�ÛEÝ�ÚCÛ$Û7Ù2ÚOÞ{ÝCÜ	í�Ù'çAþ/Ù'ß�Û$ßpÝCÜ	ê2ß�é�¸©ÝCã�Û§å"Ù'î{æ�çAÛ�ï@ªB«m¬¤�«N®m¬�÷Lø
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ÃVÄlÅ�ÆÉÈ>Ç�ÇaÊ Ë�ÌKÍ>Î+ÏÑÐ,ÒPÓmÓ�Ô�ÒÑÕ)Ò®ÈmÏÑÖ3ÖØ×$È�Õº×mÔLÔlÎkÙNÎ3Ú¤ÛBÕ@lÜ×VÉ%Ù�×JÓ�×JÚuÕÝÓNÕ�Î�Ô^Þ6Î3Ú,Õ@lÜ×bÐ�ÎkÖØÒPÓ�×�ß&ÒwË&Ç�ÌPh
ÑMÏÑÙ(Ï2ÒlÎkÖØÒ�Ë+ÍOÌ�ÒÑÚ%Ô�ÑMÏ^Ù�ÏÑÐ,ÒÑÚuÎFàJÏ^Ù�×NÓNÕ�É�ÖØÏÑÕ�Ó�Ëmá�ÌPhÝÒ^Ú%Ô�Î3ÚMÕ@lÜ×BâXÖØ×mÏÑÖÉ×iÛ¤Ò�ËmâVÌ²ÈmÒÑÕ�È(lkÐM×�Ú�Õ)ã
ÇfÖ3Ö�ß&×�Î¾ÛPläÕ�ÓBÙ(×~É�Ù�×NÓ�×�Ú�Õ�ÏÑåÑ×JÚu<§ÔÑÙNÞ,åÑÒÑÖ{Î�×JÓ�ã

NeedlesBranchesBarkBoleStemTotalHeightDbhobTree
[kg][kg][kg][kg][kg][kg][m][m]

7.78.68.338.947.263.612.00.178A32
8.213.910.450.460.883.012.30.188A47

11.211.814.570.485.0108.113.80.197A126
16.419.57.647.555.192.511.80.189A141
12.521.99.453.763.299.411.30.192A221
8.918.214.583.898.3125.714.40.206B17
9.524.717.4106.6123.9159.115.70.225B32
8.717.911.5100.1111.6138.416.20.212B59
9.721.317.0114.7131.6162.917.30.206B80

11.426.113.499.9113.3150.915.80.210B92
8.719.028.0135.6163.6191.317.70.259C20

16.032.924.1152.4176.5225.917.90.270C88
15.740.418.8189.6208.4265.417.80.267C98
12.327.222.4163.3185.7225.518.70.260O13
27.759.828.9261.1290.0377.620.30.264O14

M. flowersConesL. twigsD. twigsL. branchD. branchHeightDbhobTree
[kg][kg][kg][kg][kg][kg][m][m]

0.000.011.000.386.60.612.00.178A32
0.000.090.710.5310.91.812.30.188A47
0.000.081.250.299.01.313.80.197A126
0.001.501.740.5614.82.311.80.189A141
0.001.521.350.7017.22.611.30.192A221
0.000.160.940.2313.73.314.40.206B17
0.010.862.390.4415.66.315.70.225B32
0.040.130.740.3213.92.916.20.212B59
0.010.090.820.3914.45.717.30.206B80
0.000.002.680.8118.44.215.80.210B92
0.000.020.830.1312.75.317.70.259C20
0.000.153.720.4626.42.417.90.270C88
0.030.671.980.7530.67.017.80.267C98
0.000.221.120.2122.43.518.70.260O13
0.000.132.590.8751.74.720.30.264O14
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+ Sound trees (n=617)
* Damaged trees (n=194)

Sound trees
All data

æ.çØè�éÜê�È�ÇaÇ�Ê ËuÌ!=f×JÖÉÒÑÕiÎ+ÏÑÚÜÓ�lkÎ ÉuÓ�ëm×JÕiß&×m×JÚÀÔ^Î+ÒÑÐ,×JÕ)×JÙ�Ò^Õ0ë�Ù�×mÒPÓNÕ!l�×JÎ¾ÛPläÕXÒÑÚ%Ô,Õ�Ù�×m×6l�×JÎ¾ÛPläÕ�àJÏÑÙ
Õ�ß&ÏìÔaÒ^ÕºÒ,ÓJ×�Õ�ÓJã

Ã�ÄQÅ�ÆÉÈ�ÇaÇ�Ê íÜÌ!Í>Î+ÏÑÐ,ÒPÓmÓLÔaÒÑÕ)Ò}ÈmÏÑÖ3ÖØ×$È�Õº×mÔ,ë�Þìá!ÖØÒ�×NÓ�Ï^Ú�ÈJî7ÄlÆ)ã	Ë[ï^ð�ñ�òpÌMÎ3Ú�Õ@lÜ×!àJÏÑÙ(×NÓNÕ�ÓBÏ[àfÕ@lÜ×
Ô&Î óNÎ�Í#Î3Ú%×Àá
ÏÑÐ�ÐRÎ¢ÓmÓNÎ+ÏÑÚ�ãôâXÚ%×MÓNÐ,ÒÑÖ3Ö0Õ�Ù�×m×ìÏÑÐ�ÐRÎ3Õ)×mÔÀÒPÓ,Î3Õ�ÓLl�×JÎ¾ÛPläÕwË[õaã¢ðöÐ�Ì·Ô^Î+Ô�Ú�ÏÑÕ
ÈmÏÑÙNÙ�×JÓgÉÜÏ^Ú%Ô�ß�Î3Õ@l�Î3Õ�Ó,Ô^Î+ÒÑÐ,×JÕ)×JÙ�Ò^ÕfëJÙ(×(ÒÑÓNÕXlÜ×�Î¾ÛPläÕbË[õ�ã3õJò È�Ð�Ì^ã�ÇfÖ3Ö!ß&×�Î¾ÛFlkÕ+ÓV×(÷rÉ%Ù�×JÓmÓJ×mÔ
ÒPÓ�ÏÑåÑ×�Ú�<§ÔÑÙNÞ?Ë)ï�õaøEù�á�Ì,ß&×�Î¾ÛFlkÕ+Ó�ã

NeedlesBranchesBarkBoleStemTotalHeightDbhobTree
[kg][kg][kg][kg][kg][kg][m][m]

16.718.012.8132.4145.2189.017.20.230F67
8.614.17.647.254.877.515.00.168P70

12.718.612.244.456.687.913.90.187P73A
6.23.53.718.922.632.37.70.143P78A

22.427.633.9153.1187.0237.018.30.245P68A
8.232.925.4152.5177.9219.016.80.230P68B

13.419.511.995.4107.3140.216.80.179P69
14.927.915.8168.8184.6227.420.10.226P70
13.74.86.828.134.952.910.80.171P71
11.018.111.170.481.5110.614.30.197P72
17.813.29.153.362.493.413.60.165P73B
17.017.48.653.261.896.212.40.205P74A
19.016.611.877.789.5125.113.90.204P74B
12.87.16.743.149.869.711.60.179P75
13.216.94.926.831.761.88.70.155P76
9.45.43.019.622.637.46.80.125P77
4.72.30.72.53.210.24.60.072P78
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ÃVÄlÅ�ÆÉÈúÇaÇ�Ê û�Ì =6×ºÛaÙ�×NÓmÓNÎ+ÏÑÚ ÈmÏ^ÚÜÓNÕºÒ^Ú�Õ�Ó Ë[ÒPhüë�ÌPh È(ÏF×�núÈ�Î+×JÚuÕ+ÓýÏ[àþÔa×�Õº×�ÙNÐ�Î3Ú%ÒÑÕiÎ+ÏÑÚ
Ë@=B<ºÓxÕxÎ�ÒÑÙ�×mÔ$ÌìÒ^Ú%ÔìÓNÕ)ÒÑÚ%Ô�ÒÑÙ�Ô�×�ÙNÙ�ÏÑÙmÓ,Ï[à�×NÓNÕiÎ3ÐMÒ^Õº×¾Ë+j�=fj�ÌfàJÏÑÙ,×$ÕrÎ�Ò^Õ�Î+Ï^ÚÜÓ�Ï§à�Õ@lÜ×�Ð,ÏFÔa×�Ö
ÆÉÿ���p q��bv�ÆØÿ�� Õ)Ï�É%Ù(×(Ô^Î&ÈJÕ#åÑÒÑÙNÎ+ÏpÎäÓRë�Î+ÏÑÐ,ÒPÓmÓbÈmÏÑÐ�ÉÜÏ^Ú%×�Ú�Õ�Ó�Ï§à§É%Î3Ú�ÎäÓ®ÈmÒ^ÙNÎ+ë(Ò�×mÒ,ÕiÙ�×m×NÓ
Î3Ú��KÎ3Õ�Î	�K×�å2Î�ã}Ð�lÜ×�Ú�ÎkÐ,ëm×JÙLÏ[àLÕ�Ù�×m×JÓ²ÎäÓ�×mÔ,Î3ÚöÕ3l�×LÙ(×iÛaÙ�×JÓmÓmÎ+Ï^ÚÜÓBÎ¢ÓLÙ�×�É%Ù�×JÓ�×JÚuÕº×mÔ�ë�Þ�Ú%ã

nERER-squaredSEbSEaDependent variable

321.190.9450.03720.84490.03915.2672Total weight
321.180.9660.03551.04140.03735.0528Bole weight
321.200.9600.03981.06690.04194.9146Stemwood weight
321.210.9420.04060.89230.04272.9826Bark weight
321.420.7580.07590.73640.07993.2691Branch weight
151.670.4230.29270.90360.16011.3909Dead branch weight
151.410.5610.19810.80730.10833.0400Live branch weight
151.750.0130.3206-0.13020.1754-0.9176Dead twig weight
151.660.1570.28980.45100.15850.4659Live twig weight

Foliage
181.342340.5050.07680.31050.10192.8143Pre-cyclone
141.324160.3920.16980.47260.08782.5472Post-cyclone

O�Ù�í$ÙxÚ�ÚCÛ$í�ÝCÞ{Ù'ß�Ü5äOÛ�ÚCÛwç®ê2é�Û®ØdÙxÚAÝCã�ÛbÜ�ç®ê2î{î	Û�Ú�ÚCÙ2ÚCÜ5ÚCÛ�Ü�æ�î¯ÝCÞ{ß�ë�Ø±ÚCÙ'ç ÝCã�ÛbîyÙ2ëE'�ê2ßpÝCÞ{î{Ù'ë�Ý�Úêxß�Üº'
ØdÙxÚCç®êxÝCÞ{Ù'ß�Ù2Ø�ÝCã�Û�å'êrÚCÞyê2è�î{Û$Ü�êxÜ�ÝCã�Û�Ü�Û�ÝCÛ$ß�é}ÝCÙbÞ{ß�í�ÚCÛ$ê2Ü�Û�ÝCã�Û²è�ÞXêxÜ5ï&ºwê'éQë2ä�Þ{íû�â�òhóED'ô'÷Lø²ñOã�Û
ÚCÛ$ë2ÚCÛ�Ü�Ü�ÞyÙ2ß í�Ù'ß�Ü~ÝêxßpÝCÜ�êxß�éÊÝCã�Û�í$ÙpÛ�TAí$Þ{Û$ßpÝCÜwÙ2Ø�éQÛ�ÝCÛ�ÚCçAÞ{ß�êrÝCÞyÙ2ßSêxÚCÛ�ë'Þ{å"Û$ß Þ{ßSñ³êxè�î{ÛÏò'ò'ø /lø
ñOã�Ûbí$Ù2Ú�ÚCÛ�îXêrÝCÞ{Ù'ß�Ü®è/Û�Ý�äOÛ$Û�ßöªB«(¬¤�« ® ¬Êêxß�é¾äOÛ�Þyë2ãpÝ5äOÛ�ÚCÛ]ë'ÙpÙléÏØdÙ2Ú²ÝCÙ2Ýê2î	Ý�ÚCÛ$Ûbç®ê2Ü�Ü$â�è/Ù'î{Û'â
Ü~ÝCÛ$ç�äVÙpÙlé�â�Ü~ÝCÛ$ç�è�êrÚCûwê2ß�é}í$Ù'ç�è�Þ{ß�Ûhé]è�Úê2ß�íLã�êxß�éwÝgä�Þ{ëbç®ê2Ü�Ü$â/ä�Þ¯ÝCã�í$ÙpÛ(TAí$Þ{Û$ßpÝCÜ7ÙxØOéQÛ�ÝCÛ�Ú)'
çAÞ{ß�êxÝCÞ{Ù2ßJÚê2ß�ë'Þ{ß�ë}è/ÛLÝgäOÛ�Û$ß×ðQø G�/}ê2ß�é�ðQø óPGpø}ñ�ÚCÛ$ÛAè�Þ{Ù'ç®ê2Ü�Ü�ê2ß�éJþQÚCÛhé�Þ{í�ÝCÛhéJè�Þ{Ù'ç®êxÜ�Ü�ã�êhå"Û
è/Û$Û$ßÏþ�î{ÙxÝ�ÝCÛhé�êxë"êxÞyß�Ü~ÝRªB«m¬¤�«�Þ{ß�à³Þyë2æ�ÚCÛ�ò2ò'ø õløÊñOã�Û]í$ÙpÛ(TAí�ÞyÛ�ßlÝCÜ®ÙxØ�é�ÛLÝCÛ�ÚCçAÞ{ß�êxÝCÞ{Ù2ßÏäVÛ�ÚCÛ
ç²æ�íLã]îyÙhäVÛ�Ú5ï*ðløyòm/r´pðQø õE/'÷§ØdÙ2Ú§ÝCã�Û�Ûhüpæ�êxÝCÞ{Ù'ß�Ü�þ�ÚCÛ$é�Þ{í�ÝCÞ{ß�ëAè�ÞyÙ2ç®ê2Ü�ÜEÙ2ØFØdÙ2î{ÞXêxë'Û'â�éQÛhê'é}êxß�éwî{Þ{å"Û
è�Úêxß�íã�Û$Ü�êxß�é]î{Þ{å"Û7Ý�ä�Þyë2Ü�ïdÝêxè�î{Û5ò'ò2ø /"÷Lø

à�Ù2æ�Ú�ÝCÛ$Û$ß�Ù2Ø�ÝCã�Ûbòrõ5Ý�ÚCÛ$Û$Ü�Þ{ß�ÝCã�Û²þQÚCÛ$Ü�Û$ßpÝ�é�êrÝêbÜ�ÛLÝ7äOÛ�ÚCÛ²ÜCê2çAþ�î{Ûhé}ä�Þ¯ÝCã�Þ{ß�ØdÙ'æQÚ�ÝCÙbÝCÛ�ß
çAÙ'ßpÝCã�Ü5êxØ±ÝCÛLÚ]íLì�í�îyÙ2ß�ÛV*lÞyß�ê�éQÛ�ØdÙ2îyÞyêrÝCÛhéÊÝCã�Û�Ø±Ù2ÚCÛ$Ü~ÝCÜ$øúù§î¯ÝCã�Ù'æ�ë2ã�ØXÚCÛ$Ü�ãGß�Û�Ûhé�î{Û$Übê2þ�þ/ÛhêxÚCÛ$é
Ü�ã�ÙxÚ�ÝCî{ìAêxØ±ÝCÛLÚVÝCã�ÛEÛ$å"Û�ßlÝhâ'ÚCÛ$ë'Û$ß�Û�ÚêxÝCÞ{Ù2ß]ÙxØ�Ø±Ù'î{Þyê2ë2Û�ã�ê'é5ß�Ù2Ý�ìpÛ�Ý�è/Û$Û$ß®í$Ù'çAþ�î{Û�ÝCÛhéAêxÝ�ÝCã�Û	ÝCÞ{çAÛ
Ù2Ø�ÜCê2çAþ�î{Þ{ß�ëQø ñOã�ÞyÜ®Þ{Ü®í$î{ÛhêxÚCî¯ì?Ü�ã�Ùhä�ß�ÞyßÊà³Þ{ë'æ�ÚCÛ¾ò2ò'ø /Jä�ã�Û�ÚCÛ�ÝCã�Û]ØdÙ'î{Þyê2ë2Û}äOÛ$Þ{ë'ãpÝCÜAØdÙ2æ�ß�é
é�æQÚCÞyß�ë7ÝCã�ÛEþ�ÚCÛ$Ü�Û�ßlÝ�Ü~ÝCæ�élìAêxß�é²ÝCã�Ù2Ü�Û�ÙxØ³ýVîyêxÛ$Ü�Ù'ß W ¸�·'¹ ø/ï~òhóEDEI"÷OêxÚCÛEþ�î{Ù2Ý�ÝCÛhé®êxë"ê2Þ{ß�Ü~Ý
ªB«m¬¤�«2ø*QÛ$þ�êxÚêrÝCÛbÚCÛ$ëxÚCÛ$Ü�Ü�Þ{Ù'ß�Ûhüpæ�êxÝCÞ{Ù2ß�Ü�äVÛ�ÚCÛ]ÝCã�Û�ÚCÛ�Ø±Ù2ÚCÛ�Ù2è�ÝêxÞyß�Ûhé¾ÝCÙ�þ�ÚCÛhéQÞyíLÝ5þ�ÚCÛ�'�íLì�í�îyÙ2ß�Ûbß�Û$Û$é�î{Û
è�Þ{Ù'ç®êxÜ�ÜVï+æ�Ü�Þyß�ë	ÝCã�Û�é�êrÝêEÜ�Û�Ý�Ù2Ø�ýVîyê2Û$Ü�Ù2ß W ¸�·'¹ øpï~ò$óFD�Ip÷�êxß�é7Ý�ÚCÛ$Û�ù�òmIQò�ØXÚCÙ'çSÝCã�Û�þ�ÚCÛ$Ü�Û�ßlÝ³é�êrÝê
Ü�Û�ÝL÷�êxß�éAþ/Ù'Ü~Ý)'&í�ìQí$î{Ù2ß�Û�ß�Û$ÛhéQîyÛ§è�Þ{Ù'ç®êxÜ�Ü7ï+æ�Ü�Þ{ß�ë�ÝCã�Û§þQÚCÛ$Ü�Û$ßpÝ�é�êxÝê�Ü�Û�Ý	Û(¿Qí$î{æ�é�Þ{ß�ë�Ý�ÚCÛ$Û§ù�òmIQòr÷
ê2Ü7Ü�ã�Ùhä�ß�Þ{ßJà³Þ{ë'æ�ÚCÛbò'ò2ø /lø�ÀVÛ$íhêxæ�Ü�Û5íLì�í�îyÙ2ß�Û$Ü�Ùpí$í$æ�Ú§ÚCÛ$ë'æ�îyêxÚCî¯ì�Þyß�à³Þ á~Þ�ï[Z3\h°Ü*lÛ$í�ÝCÞ{Ù'ß��lø I�ø I"÷Lâ
ÝCã�ÛAØdÙxÚCÛ$Ü~ÝCÜ²ç®ê$ì�è/Û]éQÛ�ØdÙ2î{ÞXêrÝCÛhéÏÜ�Û$å"Û�ÚêxîVÝCÞ{çAÛ$Ü²éQæ�ÚCÞ{ß�ë�êwÚCÙxÝêxÝCÞ{Ù'ß?ê2ß�é�ØdÙ2îyÞyêxë'Ûwç®êxÜ�Ü�ç®ê$ì
Ü�ã�ÙhäÁîyêxÚCë'Û®å2êxÚCÞyêxÝCÞ{Ù2ß�Ü�è/Û�ÝgäVÛ$Û$ß�Ý�ÚCÛ$Û�Ü�ä�Þ¯ÝCã�Þyß¾ê2ß¾Û$å'Û$ß�'�ê2ë2ÛhéJíLì�í�îyÙ2ß�Û®é�ê2ç®ê2ë2Ûhé�Ü~Ýêxß�é�â³ê2Ü
ê2î¯ÚCÛhê2éQì]Þyß�é�Þ{íhêrÝCÛhé�èpìAÝCã�Û7å2êxÚCÞyêrÝCÞyÙ2ß�ÜEÞ{ß�ÝCã�Û�
�ù§½�ØdÙ2ÚEö�ÙxÚCÙ'ç®ê2ß�Þ�Ø±Ù2ÚCÛ$Ü~Ý�ï+*QÛ�í�ÝCÞ{Ù'ßJò2ò'ø ôQø /'÷Lø

O�Ù§í$Ù2Ú�ÚCÛ�îXêrÝCÞ{Ù'ß5ä�Þ¯ÝCã²å"Ù2î{æ�çAÛ�äOê2ÜFÙ'è�Ü�Û�ÚCå"Ûhé�ØdÙxÚVéQÛhê'é�Ýgä�Þ{ë'Ü�ïdÚ�®m³Gðlø ðQòr÷Fê2ß�é�ÝCã�Û	êhå"Û�Úêxë'Û
äOÛ$Þ{ë2ãlÝ�ÙxØ¿éQÛhê'éAÝgä�Þ{ë'Ü�Ù2ß]ÝCã�Û&1�å"ÛEÝ�ÚCÛ$Û$Ü	Þ{ßbÛhê2íãwêxë'Û7í$îyêxÜ�Ü�äOê2Ü�æ�Ü�Û$é®ÝCÙ�íhê2î{í$æ�îXêrÝCÛ7ÝCã�ÛEÝCÙ2Ýê2î
é�Ûhê2ébÝ�ä�ÞyëAè�Þ{Ù'ç®ê2Ü�Ü	Ø±Ù2ÚEÛhê2íãwþ�îyÙxÝhø
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* Present study
  Predicted biomass
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ñOã�Û²ÚêrÝCÛ5Ù2ØVßlæ�Ý�ÚCÞ{Û$ßpÝ�ê2í�í$æ�ç�æ�îyêxÝCÞ{Ù'ßJèpì�ê]þ�îXêxßpÝêxÝCÞ{Ù'ß�Ø±Ù2ÚCÛ$Ü~Ý�Þ{Ü�êbØ±æ�ß�í�ÝCÞ{Ù'ß�ÙxØVÝCã�Û²ÚêxÝCÛ5ÙxØ
è�Þ{Ù'ç®êxÜ�Ü�þ�ÚCÙléQæ�í�ÝCÞ{Ù'ß�â�ÝCã�ÛAé�Û$å'Û$î{Ù'þ�çAÛ�ßlÝ7Ü~Ýê2ë'Û®ÙxØOÝCã�Û5þ�îyê2ßpÝêxÝCÞ{Ù'ß�â�ÝCã�ÛAêhå'êxÞyîyêxè�Þ{î{Þ{Ý�ì¾ÙxØ	ßlæ�'
Ý�ÚCÞ{Û$ßpÝCÜEÞ{ßwÝCã�Û�Ü�Ù'Þ{î¿ê2ß�é]ÝCã�Û7Ý�ÚCÛ�Û�Ü�þ/Û�í$Þ{Û$Ü²ï%@�Þ{î{î{Û�Úhâ³òhóEDEI"÷Lø
�7æ�Û7ÝCÙ5ÝCã�Û�îyÛ�ß�ë2ÝCã}ÙxØ�ê²ÚCÙ2ÝêrÝCÞyÙ2ß
þ/Û�ÚCÞ{Ùlé�ï~òrõ:Aa�xðAì"ÛhêxÚCÜ÷OÞ¯Ý�Þ{ÜEæ�Ü�æ�ê2î{î¯ì�ß�Ù2Ý�ØdÛhêxÜ�Þ{è�î{Û�ÝCÙ²çAÙ'ß�Þ¯ÝCÙxÚ�ê²Ø±Ù2ÚCÛ$Ü~Ý§Þ{ß�ÝCã�Þ{Ü	ÚCÛ$Ü�þ/Û$íLÝ§ØXÚCÙ'ç
þ�îyê2ßpÝCÞ{ß�ëAæ�ßpÝCÞyî�ã�êrÚCå"Û$Ü~ÝCÞ{ß�ëQø7ùEî{ÝCÛLÚCß�êxÝCÞ{å"Û�î{ìpâ�Þ{ß�ØdÙxÚCç®êxÝCÞ{Ù'ß�Ù2ß�ÝCã�Û�ê2í$í$æ�ç²æ�îXêrÝCÞ{Ù'ß}Ù2Ø�è�ÞyÙ2ç®ê2Ü�Ü
ê2ß�éJßlæ�Ý�ÚCÞ{Û$ßpÝCÜ�ç®ê$ì�è/ÛAÙ'è�ÝêxÞ{ß�Ûhé¾æ�Ü�Þyß�ë}ê]Ødê2î{Ü�ÛbÝCÞ{çAÛAÜ�Û�ÚCÞ{Û$Ü$âFþQÚCÙråQÞyéQÛhé�ÝCã�êxÝ�Û$ßlålÞ{ÚCÙ2ß�çAÛ$ßa'
Ýê2î�Ø+êxí�ÝCÙ2ÚCÜ�ï+þ�êrÚ�ÝCÞyí�æ�îyêxÚCî¯ìGÜ�Ù2Þ{îyÜ÷®êxÚCÛ}Ü�Þ{çAÞ{îyêxÚbØdÙxÚ]Û$ê2íãGÙ2Ø�ÝCã�ÛwÜ~ÝCæ�élì?Ø±Ù2ÚCÛ$Ü~ÝCÜ�ïCB�ÚCæ�Þ ágß¤½$Û�Û$î+â
òhóED'ô'ê'÷Lø�ñOã�Þ{ÜOêxþ�þ�ÚCÙ'ê2íãAã�êxÜVè/Û$Û$ß²æ�Ü�ÛhéAéQæ�ÚCÞ{ß�ë7ÝCã�ÛEþQÚCÛ$Ü�Û$ßpÝ�Ü~ÝCæ�éQìpø³ñOã�Û�ÚCÛLØdÙ2ÚCÛEÝCã�Û	è�ÞyÙ2ç®ê2Ü�Ü
ê2ß�éÏßlæQÝ�ÚCÞyÛ�ßlÝ5ê2í$í�æ�ç²æ�îyêxÝCÞ{Ù'ßÏÞ{ß�þ�Þ{ß�Û]Ø±Ù2ÚCÛ$Ü~ÝCÜAÙxØ�êxë'ÛM/lâ�ò2òwêxß�é òrõlâ�ÚCÛ$þ�ÚCÛ�Ü�Û$ßpÝCÞyß�ë�ì"Ù'æ�ß�ë�â
Þ{ßlÝCÛLÚCçAÛhé�ÞyêxÝCÛ7ê2ß�ébç®êxÝCæQÚCÛ�ØdÙxÚCÛ$Ü~Ýhâ�ÚCÛ$Ü�þ/Û�í�ÝCÞ{å"Û$î¯ìpâ�äVÛ�ÚCÛ�é�ÛLÝCÛ�ÚCçAÞ{ß�Ûhé�ø
ñOã�Û�ÚCÛ$Ü�ÛhêrÚCíLã�þ�î{Ù2ÝCÜ7äVÛ�ÚCÛ²î{ÙpíhêrÝCÛhéJÞ{ß}ÚCÛ$îyêxÝCÞ{å"Û�î{ì�äVÛ$î{î¿Ü~ÝCÙpíLû"Û$éJêrÚCÛhê2Ü7ä�Þ¯ÝCã�Þ{ßJñ�æ�îyêxÜ�Û�ä	êlâ

ö�Ù2ÚCÙ2ûQæ�îyê�ê2ß�é�ö�ÙxÚCÙ'ç®êxß�Þ¿ØdÙxÚCÛ$Ü~ÝCÜ®ï[Z3\ED%*lÛ$í�ÝCÞ{Ù'ß�Ü�ôQø �FA�ôlø Ip÷Lø®ñOã�Û5è�Þ{Ù'ç®êxÜ�Ü�Þ{ß�ÛhêxíLãJÙ2ØVÝCã�Û
þ�î{Ù2ÝCÜ¿äOê2Ü�íhê2î{í$æ�îXêrÝCÛhé²Ø±ÚCÙ2ç ÝCã�ÛOÚCÛ$ëxÚCÛ$Ü�Ü�Þ{Ù'ßAÛhüpæ�êrÝCÞ{Ù'ß�Ü�ê2ß�é�ëxÚCÙrä	ÝCã5ÚêrÝCÛ$Ü�ë'Þ{å"Û$ß5Þ{ß²ÝCã�Û	þ�ÚCÛ$ålÞ�'
Ù'æ�Ü	Ü�Û$í�ÝCÞ{Ù'ß�Ü§êxß�éAÚCÛ$Ü�æ�î¯ÝCÜ�êrÚCÛ�ë'Þ{å"Û$ßbÞ{ß,*QÛ�í�ÝCÞ{Ù'ßJò2ò'ø õlø{ò2ø	ñOã�Û�è�Þ{Ù'ç®êxÜ�Ü	Ù2Ø�ÝCã�Û7ç®êxÝCæQÚCÛ§Ø±Ù2ÚCÛ$Ü~Ý
Ü~Ýê2ß�é�Þ{ßJÝCã�ÛFG�î{Û$Ù'î{Û$ë'ê�íhêrÝCíLã�çAÛ$ßpÝ7ä	êxÜ�í$ê2î{í$æ�îyêrÝCÛhéJØ±ÚCÙ2çPÝCã�Û²å"Ù'î{æ�çAÛ�Ù2Ø�äOÙpÙlé�ã�êxÚCå"Û$Ü~ÝCÛ$é
Ø±ÚCÙ2çPÝCã�Û�íhêxÝCíã�çAÛ$ßpÝ§è/Û�ÝgäVÛ$Û$ßV�7Û$í$Û�ç²è/Û�Ú5ò$ó'ó2ð�ê2ß�éJùEæ�ë2æ�Ü~Ý5ò$ó'óQòAê2ß�é}ä�Þ{î{î�è/Û²é�Þ{Ü�í$æ�Ü�Ü�Ûhé
Ü�Û$þ�êrÚêxÝCÛ$î¯ì]Þ{ß�*QÛ$íLÝCÞyÙ2ßJòhõlø �lø{ò'ø
ñ�Ù�ê2Ü�Ü�Û�Ü�Ü²ÝCã�Û®Þ{çAþ�êxí�Ý²ÙxØ7éQÞ���Û�ÚCÛ$ß�í�Û$Ü²Þ{ß¾ÝCã�Û®Ü�Ù2Þyî	ßlæQÝ�ÚCÞyÛ�ßlÝ�Ü~ÝêxÝCæ�Ü²Ù2ß¾ØdÙ2ÚCÛ�Ü~ÝAßlæ�Ý�ÚCÞ{Û$ßpÝ

í$Ù'ßpÝCÛ$ßpÝ�êxß×êxÝ�ÝCÛ$çAþQÝ7ä	êxÜ�ç®ê2é�Û²ÝCÙ]ÚCÛ$îyêxÝCÛAßlæ�Ý�ÚCÞ{Û$ßpÝ�í$Ù2ß�í$Û$ßpÝ�ÚêrÝCÞyÙ2ß�Ü�Þ{ßJØdÙ2î{ÞXêxë'Û]ê2ß�é�Ü~ÝCÛ$çB'
äOÙpÙlé¾ï+*lÛ$í�ÝCÞ{Ù'ß�ò2ò'ø õlø �2÷�ÝCÙ²ÝCã�Ù'Ü�Û�Þ{ß�ÝCã�Û�Ü�Ù2Þyî�êxÚCÙ2æ�ß�ébÝCã�Û7Ý�ÚCÛ$Û$Ü�ÜCêxçAþ�î{Ûhé]Ø±Ù2Ú§è�Þ{Ù'ç®êxÜ�Ü�ï+*lÛ$í('
ÝCÞ{Ù'ß�ò'ò2ø õlø ô"÷Lø�ñOã�Û�ßlæ�Ý�ÚCÞ{Û$ßpÝbí$Ù'ßpÝCÛ$ßpÝ�ê2ß�éÊÚêrÝCÛ�Ù2Ø�æ�þQÝê2û"Û}ØdÙxÚwÛhêxíLãGØ±Ù2ÚCÛ$Ü~Ý�Ü�Þ¯ÝCÛ�ä�Þ{î{î�è/Û
é�Þ{Ü�í$æ�Ü�Ü�Ûhé�Þ{ß,*lÛ$í�ÝCÞ{Ù'ß�ò2ò'ø õlø IQø
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\1]I^	_a`!]%bdcZe�fgf
�7Û�ÝêxÞyî{Ü�Ù'ß×ÝCã�Û]ê2è/Ùrå"Û('&ëxÚCÙ'æ�ß�é¾î{ÞyålÞ{ß�ë�þ�Þyß�Û]è�Þ{Ù'ç®ê2Ü�Ü�Ù2ØEÝCã�Û®þ�Þ{ß�ÛbÝ�ÚCÛ$Û�Ü5êxÝ�ÝCã�Û]ñ�æ�îyêxÜ�Û�ä	êlâ
ö�Ù2ÚCÙ2ûQæ�îyê?êxß�é ö�Ù2ÚCÙ2ç®ê2ß�Þ�ØdÙxÚCÛ$Ü~Ý}þ�î{ÙxÝCÜ$â7ÝCã�Û�é�Þ{Ü~Ý�ÚCÞ{è�æQÝCÞ{Ù'ß Ù2Ø�è�Þ{Ù'ç®êxÜ�Ü]ä�Þ¯ÝCã�Þ{ßSÝCã�Û}Ý�ÚCÛ$Û$Ü
ê2ß�éÏÝCã�Û�þ�ÚCÙléQæ�í�ÝCÞ{ålÞ¯ÝgìÏÙxØ7ÝCã�ÛbÚCÛ$Ü�þ/Û$í�ÝCÞ{å"Û�Ø±Ù2ÚCÛ$Ü~ÝCÜbêrÚCÛ}ë'Þ{å"Û$ß?Þ{ßGñ³êxè�î{Û�ò'ò2ø GløZhgßji"êxßQæ�êxÚ�ì
òhó2ó'ðJæQÝCÞ{îyÞ{ÜCêxè�î{Û�äOÙpÙléSï+Ü~ÝCÛ$ç�äOÙpÙlé?ê2ß�é×è�êxÚCû�÷�êxí$í$Ù'æ�ßpÝCÛhéÏØ±Ù2Ú�GxðlkÖÙ2Ø�ÝCã�ÛbÝCÙxÝê2î	è�ÞyÙ2ç®ê2Ü�Ü
Þ{ß�ñ�æ�îyê2Ü�Û�äOê�Ø±Ù2ÚCÛ$Ü~Ýhâ�ä�Þ{ÝCã?è�Úêxß�íã�Û$Ü²ê2ß�é×Ø±Ù'î{Þyê2ë2Û}Ûhê2íãÊêxí$í$Ù2æ�ßpÝCÞ{ß�ë�ØdÙ2Ú�òrõgk Ù2ØEÝCã�Û®ÝCÙ2Ýê2î
è�Þ{Ù'ç®êxÜ�Ü$ø®ñOã�Û²þ�ÚCÙ'þ/ÙxÚ�ÝCÞ{Ù'ß¾ÙxØOß�Û�Ûhé�î{ÛAè�Þ{Ù2ç®ê2Ü�Ü�é�Û�í�ÚCÛhê2Ü�Û$éJä�Þ¯ÝCãJØdÙxÚCÛ$Ü~Ý�ê2ë2Û5ÝCÙJò'òEkPÙ2ØOÝCã�Û
þ�Þ{ß�ÛAè�Þ{Ù'ç®ê2Ü�Ü�Þ{ß�ÝCã�ÛAö�ÙxÚCÙ'ûlæ�îyê�Ø±Ù2ÚCÛ$Ü~Ý²þ�î{Ù2Ý²ê2ß�éJÝCÙVGgk�Ù2Ø	ÝCã�êxÝ�Þ{ß¾ÝCã�ÛAö�ÙxÚCÙ'ç®ê2ß�Þ�Ø±Ù2ÚCÛ$Ü~Ý
þ�î{Ù2Ýhø�ñOã�Þ{Ü§í$ÙxÚ�ÚCÛ$Ü�þ/Ù'ß�é�Ûhé®ä�Þ¯ÝCã}ê2ßwÞ{ß�í�ÚCÛhê2Ü�Û�Þ{ß]ÝCã�Û7þ�ÚCÙ2þ/Ù2Ú�ÝCÞ{Ù'ß}ÙxØ¿æ�ÝCÞ{î{Þ�½hê2è�î{Û�äVÙpÙlé]ÝCÙLG2õgk
ê2ß�é�D2ðlk ÙxØ�ÝCã�Û�þ�Þyß�Û�è�ÞyÙ2ç®ê2Ü�ÜOÞ{ß®ÝCã�ÛEö�Ù2ÚCÙ2ûQæ�îyê�êxß�é®ö�Ù2ÚCÙ'ç®êxß�Þ�Ø±Ù2ÚCÛ$Ü~Ý�þ�îyÙxÝCÜ$âlÚCÛ$Ü�þ/Û$í�ÝCÞ{å"Û$î¯ìpø
ñOã�ÛOþQÚCÙ'þ/ÙxÚ�ÝCÞyÙ2ß²ÙxØ/è�Úêxß�íã�Û$ÜFêxß�é�Ý�ä�Þ{ë'Ü¿ÚCÛ$ç®ê2Þ{ß�Ûhé�çAÙxÚCÛOÙ2ÚFî{Û$Ü�Ü�í$Ù2ß�Ü~Ýê2ßpÝ�êrÝ	òJ�EA�òhôgkbøXBOêxÚCû
ê2í$í�Ù'æ�ßpÝCÛhé®ØdÙxÚ�ò(I/kPï*ñ�æ�îXêxÜ�Û�ä	ê'÷	ÝCÙ]òJ�gkPï+ö�ÙxÚCÙ'ç®êxß�ÞX÷VÙ2Ø¿ÝCã�Û�ÝCÙ2Ýêxî�Ü~ÝCÛ$ç ç®êxÜ�Ü$ø
ñ�ÙbÙ'èQÝê2Þ{ß�Û$Ü~ÝCÞ{ç®êrÝCÛ$Ü7Ù2ØVþ�ÚCÛ('&í�ìQí$î{Ù2ß�Û�ØdÙ2ÚCÛ�Ü~Ý�þQÚCÙlé�æ�í�ÝCÞ{åQÞ¯Ý�ì}ê2ß�é�ÙxØVÝCã�Û�î{Ù'Ü�Ü�ÙxØVè�ÞyÙ2ç®ê2Ü�Ü

êxØXÝCÛ�ÚAÝCã�Û]þ�ê2Ü�ÜCêxë'Û}ÙxØ7í�ìQí$î{Ù'ß�Û,*lÞyß�êQâ�ÝCã�Ûwêxè/Ùrå"Û('&ë2ÚCÙ2æ�ß�éÏè�Þ{Ù2ç®ê2Ü�Ü²Ø±Ù2Ú�i"ê2ßlæ�êxÚ�ì òhó2óQòwäOê2Ü
þ�ÚCÛhéQÞ{í�ÝCÛhé²æ�Ü�Þyß�ë�þ�ÚCÛ('&í�ìQí$î{Ù2ß�Û&ªB«m¬¤�«�ê2ß�é�¬AÞyß�í�ÚCÛ$çAÛ$ßpÝCÜ�ï+*QÛ�í�ÝCÞ{Ù'ßwò'ò2ø ôQø Ip÷Lø	BVÞ{Ù'ç®êxÜ�ÜVþQÚCÛhé�Þ{í('
ÝCÞ{Ù'ß�Ü¿äVÛ�ÚCÛ	ç®ê'éQÛOØdÙ2Ú�Ü�Ù2æ�ß�é²ê2Ü¿äOÛ$î{î�ê2ÜFØdÙ2Ú�í�ìQí$î{Ù'ß�Û�é�êxç®ê2ë'Û$é�ØdÙxÚCÛ$Ü~ÝCÜVæ�Ü�Þ{ß�ë�ÝCã�Û	ê2þ�þ�ÚCÙ'þQÚCÞyêxÝCÛ
ÚCÛ$ë2ÚCÛ�Ü�Ü�ÞyÙ2ß�Û$ülæ�êxÝCÞ{Ù'ß�Ü�Ø±Ù2Ú³ÝCã�Û�þQÚCÛhé�Þ{í�ÝCÞ{Ù2ß�ÙxØ�Ø±Ù'î{ÞyêxÚFè�ÞyÙ2ç®ê2Ü�Ü�ï*ñ³ê2è�îyÛ�ò'ò2ø /"÷LøFñOã�Û�î{Ù'Ü�Ü¿ÙxØ�ê2è/Ùrå"Û('
ë2ÚCÙ2æ�ß�ébî{ÞyålÞ{ß�ë²è�Þ{Ù'ç®êxÜ�ÜOÚCÛ$Ü�æ�î¯ÝCÞ{ß�ë²ØXÚCÙ'ç í�ìQí$î{Ù2ß�Û�é�êxç®ê2ë2Û�ä	êxÜEí$ê2î{í$æ�îyêrÝCÛhé}ê2Ü	ÝCã�Û7é�Þ���Û�ÚCÛ$ß�í$Û
è/Û�ÝgäVÛ$Û$ß�ÝCã�Û5þQÚCÛhé�Þ{í�ÝCÛ$é�è�ÞyÙ2ç®ê2Ü�Ü7Ø±Ù2Ú�ÝCã�Û�Ü�Ù'æ�ß�é�Ø±Ù2ÚCÛ$Ü~Ýbï+æ�Ü�Þyß�ë�þQÚCÛ('&í�ìQí$î{Ù'ß�Û5é�Þyê2çAÛ�ÝCÛLÚ�ê2ß�é
ã�Û$Þ{ë2ãlÝVÞ{ß�í�ÚCÛ$çAÛ�ßlÝCÜ�ë'Þ{å"Û$ß®Þ{ß�*QÛ$í�ÝCÞ{Ù2ß�ò2ò'ø ôQø I"÷�êxß�é5ÝCã�êrÝOØdÙxÚOÝCã�Û§é�êxç®ê2ë2Ûhé®Ø±Ù2ÚCÛ$Ü~ÝOÞyß�i"êxßQæ�êxÚ�ì
òhó2óQòAï+è�ê2Ü�ÛhébÙ'ß]ÝCã�Û7éQÛ$í�ÚCÛhêxÜ�Û�Þyß]Ü~ÝCÙpíLûlÞ{ß�ëQâ�þ/Ù2Ü~Ý)'&í�ìQí$î{Ù'ß�Û�ë2ÚCÙhä	ÝCã]ÚêrÝCÛ$Ü$â�êxß�ébæ�Ü�Þ{ß�ë�ÝCã�Û7êxþ�'
þ�ÚCÙ2þ�ÚCÞyêxÝCÛVÚCÛ�ë2ÚCÛ$Ü�Ü�Þ{Ù'ßAí�Ù'ß�Ü~ÝêxßpÝCÜ³ØdÙ2ÚFØ±Ù'î{Þyê2ë'Û�è�ÞyÙ2ç®ê2Ü�Ü÷Lø ñ�æ�îXêxÜ�Û�ä	ê�Ø±Ù2ÚCÛ$Ü~Ý�Û(¿Qþ/Û�ÚCÞ{Û$ß�í$Ûhé�ê�î{Ù'Ü�Ü
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m	n3o�pÉÈbÇaÇ�ÊrqkÌts$�Õu'�ÒÑÖ�Ò^Ú%Ôv"�Ù�×mÔÑÎ%$�Õº×mÔ ë�Î+ÏÑÐ,ÒPÓmÓHÒ^Ú%Ô�ÒÑÚuÚw'�ÒÑÖ�"%Ù(ÏEÔx'w$JÕiÎ3åEÎ3ÕiÞ ×NÓNÕiÎ3ÐMÒ^Õº×JÓ
yuz s{�'g" Õ)ÏW|äÒ^Úw'�Ò^ÙNÞHïaðað�õE}�àJÏÑÙ~)L'kÖÉÒPÓ�×Jß&ÒÑh0�MÏÑÙ(Ï��x'kÖØÒdÒÑÚ�Ô,�MÏÑÙ�Ï^ÐMÒ^Ú�Î�àJÏÑÙ(×NÓNÕ�Ó�Î3Ú
��ÛMlÜÒ/���ìÔÑÙNÞ,ß&×�Î¾ÛFlkÕºã

Cones        Needles       Twigs       BranchesStembarkStemwoodTotal
LiveDeadLiveDeadLiveDead

TULASEWA FOREST, ACTUAL BIOMASS
93667674077102125462203712962245Jan ’90
15.01.20.711.42.010.059.6% of total

2064460735632386171113956213632954522Sep ’91
0.48.20.11.00.411.32.110.366.6% of total

KOROKULA FOREST, ACTUAL BIOMASS
1171510503601194122171093571181109400Jan ’90

10.71.00.310.92.010.065.1% of total
203801612410093421158821571063769577103326Sep ’91
0.27.80.11.00.311.22.110.367.3% of total

KOROMANI FOREST, ACTUAL BIOMASS
10572102830114485285513980101579144800Jan ’90

7.30.70.210.02.09.770.2% of total
1488268162102830114508286214013101993143283Sep ’91
0.15.80.10.70.210.12.09.871.2% of total

TULASEWA FOREST, PREDICTED BIOMASS JAN ’91
105359054079418171384695329484741Sound forest

12.41.10.511.12.010.062.9% of total
42615392385703104351523276149697Cyclone damaged

8.61.10.511.52.110.465.9% of total

KOROKULA FOREST, PREDICTED BIOMASS JAN ’91
1199310863601266423671166576833116969Sound forest

10.30.90.310.82.010.065.7% of total
7937.41000342.2113802113.410422.967852.1101048Cyclone damaged

7.91.00.311.32.110.367.1% of total

KOROMANI FOREST, PREDICTED BIOMASS JAN ’91
10811106230115305303414849109030154392Sound forest

7.00.70.29.92.09.670.6% of total
8318103430114612288214112102645143903Cyclone damaged

5.80.70.210.22.09.871.3% of total

PRODUCTIVITY OF TULASEWA FOREST
11691380231645922491616522496CAI (1990)
15611286811842091037618810374MAI (1990)
6274366169371567033172053335044Loss by cyclone

PRODUCTIVITY OF KOROKULA FOREST
27836072315073056517569CAI (1990)

10659533108620299464719945MAI (1990)
4056861812842541242898115921Loss by cyclone

PRODUCTIVITY OF KOROMANI FOREST
23934082017986974519592CAI (1990)
705692096619093267729653MAI (1990)

2493280693152737638510489Loss by cyclone
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m	n3o�pÉÈÀÇaÇ�Ê â Ì�sfåP×�Ù�Ò�Û¤×�Úw'kÕiÙNÎ+×�Ú�Õ1$(Ï^Úd$m×�Ú�ÕiÙ�ÒÑÕiÎ+ÏÑÚ�Ó�ÒÑÚ�Ô·ÓNÕ)ÒÑÚ�ÔaÒÑÙ(Ô Ôa×�åEÎ+Ò^Õ�Î+Ï^ÚÜÓ yuçLè }·Î3Ú
åPÒ^ÙNÎ+Ï/'äÓ�Õ�Ù�×m×#$mÏÑÐ"ÜÏ^Ú%×�Ú�Õ�Ó�Î3Úé)L'kÖÉÒPÓ�×Jß&ÒBàJÏ^Ù�×JÓmÕ)ã�á
ÏÑÚ�$(×�Ú�ÕiÙ�Ò^Õ�Î+Ï^ÚÜÓ�Ï§à�Ð,Ò3$�Ù�ÏÑÚ¢'kÕ�ÙNÎ+×�Ú�Õ�Ó
ÒÑÙ�×�Î3Ú~ê»ÒÑÚ�Ô�ÕCëÜÏÑÓJ×�Ï[àLÐRÎ%$�Ù�ÏÑÚ¢'kÕ�ÙNÎ+×�Ú�Õ�ÓLÒÑÙ�×�Î3Ú+"�"%Ð,ã

WholeNeedles       Twigs     BranchesStembarkStemwoodNutrient
TreeAvgUpperMiddleLowerDeadLiveDeadLiveDead

0.2180.9080.9950.8970.8320.3060.3730.1380.1780.0820.1810.095N
0.0460.0840.1470.0620.1340.0290.0590.0260.0330.0180.0650.029SD
0.0260.0940.1120.0920.0780.0240.0890.0110.0270.0070.0200.015P
0.0030.0150.0240.0200.0110.0080.0350.0050.0030.0020.0070.001SD
0.1300.4540.5940.4250.3840.1080.3670.0320.1460.0270.0980.067K
0.0200.0600.1370.0800.0780.0210.0890.0220.0220.0130.0240.018SD
0.1270.5070.2920.5180.6990.7320.1780.1860.1130.1440.0520.048Ca
0.0290.0930.1100.1460.1220.2150.0210.0150.0240.0150.0100.004SD
0.0560.2080.1850.2100.2330.2180.1200.0830.0670.0480.0400.022Mg
0.0080.0310.0290.0330.0520.0650.0140.0160.0120.0100.0050.004SD

9.08.18.410.510.7B
1.62.31.82.31.7SD

558410591586801Mn
107176132282391SD
3332343330Zn

9161067SD
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m�nxo�pÉÈÀÇ�ÇaÊ 0 ÌÃsfåP×�Ù�ÒEÛ�×�Ú¢'kÕ�ÙNÎ+×�Ú�Õ1$mÏÑÚ�$(×�Ú�ÕiÙ�Ò^Õ�Î+Ï^ÚÜÓ�Ò^Ú%ÔÀÓNÕºÒ^Ú%ÔaÒ^Ù�ÔHÔa×�åEÎ+Ò^Õ�Î+Ï^ÚÜÓ yuçVè }·Î3Ú
åÑÒÑÙNÎ+Ïx'äÓ0ÕiÙ�×m×�$mÏ^Ð�"�ÏÑÚ�×JÚuÕ+Ó#Î3Ú�ÕCëÜ×·�MÏ^Ù�Ï��x'kÖØÒ!àJÏÑÙ(×NÓNÕV"�ÖØÏÑÕ)ã�á
ÏÑÚ�$m×JÚuÕ�Ù�Ò^Õ�Î+Ï^ÚÜÓ#Ï§à&Ð,Ò3$�Ù�Ï^Úw'
2
ÕiÙNÎ+×JÚuÕ+ÓLÒÑÙ(×LÎ3Útê`ÒÑÚ�Ô,ÕCëÜÏÑÓJ×MÏ§àBÐRÎ%$�Ù�ÏÑÚ¢'kÕ�ÙNÎ+×�Ú�Õ�ÓLÒÑÙ�×RÎ3Ú#"�"%Ð,ã

WholeNeedles       Twigs      BranchesStembarkStemwoodNutrient
TreeAvgUpperMiddleLowerDeadLiveDeadLiveDead

0.1500.9651.0540.9800.8820.4910.5080.1560.1410.0860.1560.072N
0.0200.0970.1580.0890.0790.0550.2190.0320.0200.0120.0310.020SD
0.0260.0680.0730.0690.0650.0310.0800.0200.0190.0160.0690.016P
0.0070.0050.0070.0030.0090.0070.0460.0050.0190.0190.0640.010SD
0.0660.3380.3660.3230.3400.0820.3180.0250.0770.0220.0510.039K
0.0120.0730.1290.0690.0810.0250.1090.0150.0040.0050.0160.007SD
0.0910.4140.2740.4230.5530.6420.2310.2360.1200.1380.0730.052Ca
0.0190.1980.0570.1460.2870.1840.0910.0330.0560.0400.0380.008SD
0.0490.2910.2740.2830.2960.3050.1760.0850.0620.0470.0470.024Mg
0.0060.0680.0710.0790.0950.0820.1060.0110.0170.0090.0120.003SD

12.212.111.612.613.8B
2.44.61.92.92.6SD

298211289358357Mn
51202510557SD
2934292523Zn

898119SD

m�nxo�pÉÈVÇ�ÇaÊÉÇ á Ì�sfåP×�Ù�Ò�Û¤×MÚ¢'kÕ�ÙNÎ+×�Ú�Õ�$mÏÑÚ�$(×�Ú�ÕiÙ�Ò^Õ�Î+Ï^ÚÜÓMÒ^Ú%ÔìÓNÕ)ÒÑÚ%Ô�ÒÑÙ�Ô�Ô�×JåFÎ+ÒÑÕiÎ+ÏÑÚ�Ó yIçLè }ìÎ3Ú
åÑÒÑÙNÎ+Ïx'äÓBÕiÙ�×m×�$mÏ^Ð�"�ÏÑÚ�×JÚuÕ+Ó�Î3ÚÀÕCëÜ×¸�MÏÑÙ�Ï^ÐMÒ^Ú�ÎÜàJÏ^Ù�×NÓNÕ	"%ÖÉÏÑÕ�ÒÑÚ%Ô�Î3ÚÀÕCëÜ×VâXÖØ×mÏÑÖØ×ºÛ¤Ò7$mÒÑÕ�$:ë�2
Ð,×JÚuÕºãìá
ÏÑÚ�$m×JÚuÕ�Ù�Ò^Õ�Î+Ï^ÚÜÓ,Ï[àRÐMÒ�$JÙ�Ï^Úw'kÕiÙNÎ+×JÚuÕ+ÓRÒ^Ù�×�Î3ÚËê�ÒÑÚ�Ô�Õ¥ë�ÏPÓ�×�Ï[à�ÐRÎ%$�Ù�Ï^Úw'kÕiÙNÎ+×JÚuÕ+Ó
Ò^Ù�×LÎ3ÚÃ"3"�ÐMã

WholeNeedles       Twigs      BranchesStembarkStemwoodNutrient
TreeAvgUpperMiddleLowerDeadLiveDeadLiveDead

0.1511.0411.0931.0271.0170.4110.4350.1500.1340.1040.1710.073N
0.0230.1060.1280.1090.1210.0700.0420.0180.0140.0270.0420.017SD
0.0140.0700.0770.0670.0660.0290.0580.0090.0150.0080.0140.010P
0.0030.0100.0170.0110.0080.0140.0080.0040.0010.0040.0060.004SD
0.0870.4880.6670.4120.4050.0950.3470.0380.0970.0390.0880.049K
0.0200.1160.2700.0980.0620.0180.0820.0240.0190.0060.0450.008SD
0.1080.5330.3310.5780.6900.7610.3200.2910.1540.1600.1140.061Ca
0.0190.1170.0990.1350.1630.0500.1000.0330.0590.0460.0600.012SD
0.0380.1730.1610.1620.1730.1780.1230.0580.0460.0330.0380.020Mg
0.0120.0410.0430.0450.0330.0440.0300.0060.0090.0050.0140.003SD

14.814.913.616.014.7B
2.64.32.33.41.3SD

741482827872486Mn
608613786703200SD
3235322926Zn

79764SD
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E ³µ´ ¡ ¸ ¡ ¶À´1F(¸GF.¶IH ³´��ª¦©ª-E ¦©ª:«�¦©ª��ª:�/¨©ªE±!¨©�6ª���ª:�lª:�������XÚ���'��VÄ0��Ê��3� @ �����#¨©�6ª�¨�¦©ª:ª
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m�nxo�pÉÈ�ÇaÇ�ÊØÇ�ÇaÌ ç Î¾ÛaÚ�Î K�$mÒÑÚd$m×#ÖØ×�åÑ×JÖ�Ó�àJÏÑÙXÔÑÎ L6×�Ù�×�Úd$m×NÓ#Î3Ú�ÒÑåÑ×JÙ�ÒEÛ�×�Úw'kÕiÙNÎ+×JÚuÕ�$mÏÑÚ�$m×JÚuÕ�Ù�Ò^Õ�Î+Ï^ÚÜÓ
Î3Ú�ÕiÙ�×m×,$mÏÑÐ"ÜÏ^Ú%×�Ú�Õ�Ó1"Ü×�ÙìÓmÎ3Õ)×Fã[s,M )L'kÖÉÒPÓ�×Jß&Ò�àJÏÑÙ�×JÓNÕON�Í�M �MÏÑÙ(Ï��x'kÖØÒ,àJÏÑÙ(×NÓNÕ�N�á#â�M
�MÏÑÙ(ÏÑÐ,ÒÑÚ�Î P.âXÖØ×mÏÑÖØ×ºÛ¤ÒfàJÏ^Ù�×JÓmÕ)ã

                           Foliage           Twigs        Branches            StemDifference
HighMidLowDeadLiveDeadLiveDeadbarkwoodin means

NITROGEN
ns<*ns<***nsns>*nsnsnsA<>B
ns<**<**<**<*ns>**nsnsnsA<>CO
nsns<*>*nsnsnsnsnsnsB<>CO

PHOSPHORUS
>***>**>**nsnsns>**ns<*nsA<>B
>**>**>**>*ns>***>*>*<*nsA<>CO
nsnsnsnsnsnsnsnsns>*B<>CO

POTASSIUM
>**>**nsnsnsns>***ns>***>***A<>B
nsnsnsnsnsns>***<*ns>*A<>CO

<**<*nsnsnsns<*<***<*<*B<>CO

CALCIUM
nsnsnsnsns<*nsnsnsnsA<>B
nsnsnsns<**<***<**ns<**<**A<>CO
ns<*nsnsnsns<*nsnsnsB<>CO

MAGNESIUM
<**<*nsnsnsnsnsnsnsnsA<>B
ns>*>**nsns>***>**>**nsnsA<>CO

>**>**>**>**ns>**>**>**ns>*B<>CO

ZINC
nsnsnsnsA<>B
nsnsnsnsA<>CO
nsnsnsnsB<>CO

MANGANESE
>**>***>*>**A<>B
nsnsnsnsA<>CO
nsns<*nsB<>CO

BORON
<*<**ns<*A<>B
<**<***<**<**A<>CO
nsns<*nsB<>CO

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01
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m	n3o�pVU R1R@WVRXQZY/[�\^]@_�\a`b`bcOdfe $ d(e `bgDh(eigO` y%j � N j�k h(e�l,m } h(e�l $ d8\�n $ cO\oe g�`Jd�p,l@\ogD\a_*qrc%esh 2
g�cOdfetpadf_�_�\u]f_v\*`b`*cOd(ew\bx ' hfg�cOdfeZ`y_�\oz{h(g^c%e|]rpad(z}cOho]|\~h(esl�`*gu\oq�e ' g^_*cO\aeig $ d(e $ \oe g^_�h(g^cOd(e `
y ê�} gud $ df_*_�\a` " d(e�l(c%e�]t\v� $ë h(e|]|\bh@�oz{\�e ' g^_*cO\aeig $ d(e $ \oe g^_�hfg�cOdfeZ`�c%e�g ë \G`od(c%z y qy\bx,�1�@�
] ��� `od(c%z } h(esl "
�-� kv���

nCD       Regression constants  IndependentDependent
ba2a1X2X1Y

Stemwood
150.3410.0310.243KK
150.3850.126-0.0170.219pHKK
150.128-0.0480.012pHP
30.5860.0080.257P-BrayP

150.1000.135-0.015pHCa
150.107-0.0060.005pHMg

Foliage
150.2040.3161.288KK
150.3011.275-0.1761.045pHKK
150.1021.924-0.179pHN
30.2540.087-0.501P-BrayP

150.1160.226-0.028pHP
150.1592.127-0.307pHCa
150.223-0.6670.167pHMg
150.2435897-1004pHMn
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m	n3o�pVU R@R1W{RX�ZY/·�d(z}cOh(_�e ¸
g^_*cO\aeig�`*gDh(g^¸�`�]f¸
cOl1\ N hf¹S\o_�ho]|\¤padfz²cOh(_Gei¸
g�_*cO\oe g�ºbd(esºb\oe g^_�h(g^cOd(e `
h(e�l�`bgDh(e�l@hf_�l�l@\o¹XcOh(g^cOd(eZ` yuçVè } padf_�e�\b\vl
z{\*`£ºbd(z%z{\bºogu\bl�lf¸
_*c%e|]�g ë \�»s_�\a`o\aeig�`*g�¸ lf¼6hfesl
c%e½`o\a¹(\o_�h(z>d(g ë \o_�pad(_�\a`*g�\a`bgDh(gD\a`�d�p,·�c ¾*c�¿�c%es\6À/gDl � dfeÂÁ�c%g^c�À�\a¹X¸Ãh(eslÄÁih(ei¸ h�À�\o¹X¸
Åuç d(¸
_vºv\XÆ¤·�c ¾*ci¿�c%es\�À/c%qrc%gu\bl*Ç N hfesl�padfz²cOh(_-e ¸
g^_*cO\aeig�ºvdfesºb\oe g^_�h(g^cOd(e `>d@�a`o\a_*¹(\blGc%eG»�z{h(e 2
guhfg�cOdfe�pad(_�\a`*gO`rc%eÈd(g ë \o_6g�_�db»scOºbh(z�ºbdf¸
e g^_*cO\*` �IÉ dfesºb\oe g^_�h(g^cOd(e `6d�prqyh@ºo_�d(ei¸
g�_*cO\oe g�`,c%e
ê hfesl�g ë dS`o\�d�pJqrcOºa_�dfe ¸
g^_*cO\aeigO`Gc%ey»1»sq �

CuZnMnBMgCaKPNAgeForest

Nutrient status guide (Bevege & Humphreys, 1978)
22535120.0800.1100.3500.0680.900Adequacy

1.8182580.0500.0900.2800.0600.800Deficiency

VITI LEVU
3.5221396.40.1600.1990.8560.1590.895MixedNabou (n=15)
0.33361.30.0200.0300.1030.0330.082SD

Nabou, present study
324108.10.1850.2920.5940.1120.9957Tulasewa (n=5)
1415820.0260.0980.1220.0220.132SD
3421112.10.2740.2740.3660.0731.05411Korokula (n=5)

8184.10.0630.0510.1150.0070.141SD
3222812.90.1600.3210.6570.0801.06416Koromani (n=3)

6563.40.0180.0180.2980.0170.009SD
4086317.90.1640.3460.6830.0731.13716Oleolega (n=2)

97112.10.0560.1360.1100.0120.171SD

3.7206838.20.1300.2090.6530.1010.866MixedLololo (n=46)
0.846741.90.0290.0850.2250.0230.090SD

3.2211316.70.1920.2520.5930.1460.738MixedRa (n=3)
1.35610.50.0490.1030.1190.0430.129SD

VANUA LEVU
2.9184417.80.1520.2590.5160.0961.074MixedBua (n=71)
0.783077.50.0470.1360.2440.0330.225SD

500.300.710.740.302.516BRAZIL (1)
0.080.690.180.141.215.5
0.140.550.260.050.749.5BRAZIL (2)

0.280.890.210.070.995.5SURINAM (1)
0.130.540.330.061.058.5
0.090.460.620.070.9815.5

0.170.330.720.040.946NIGERIA (3)
0.180.350.750.030.8710

0.180.071.315PUERTO RICO (4)
0.460.071.4419.5

(1) Chijoke, 1980; (2) Russel, 1983; (3) Egunjobi and Bada, 1979; (4) Lugo, 1992
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Ì�ÍfÎZÏVU R@R@WVRo´iYtÐ dfguhfz�e ¸
g^_*cO\aeig-ºbd(e gD\oe g-d�p-»�c%es\yg^_�\b\a`rh(e�l5¸
esl1\a_�]@_�dfÑ�g ë�N hfesl5Ñ�c%g ë c%e
g^_�\b\>l(cÒ`*g�_*cO�o¸
g^cOd(e�d�p�ei¸
g�_*cO\oe g�`�c%e�Ð
¸
z{h(`o\aÑ�h/padf_�\*`*g!c%e,Ó8] ë h(Ô�ÕGlf_*¼�Ñ�\oc}] ë g!c%e�Ö
h(ei¸ h(_*¼
�@×@×1� �

Under-          Needles        Twigs      BranchesStembarkStemwoodTotalNutrient
growthLiveDeadLiveDeadLiveDead(pine)

37.885.02.90.612.61.011.335.3148.7N
7.90.40.11.70.23.79.7Standard deviation

57.21.90.48.50.77.623.7% of total
3.58.80.70.01.90.11.25.618.4P

1.40.20.00.30.00.40.4Standard deviation
48.03.70.210.50.56.830.4% of total

107.142.52.80.110.40.36.124.987.1K
5.60.60.11.40.21.45.9Standard deviation

48.83.20.111.90.47.028.6% of total
18.047.51.40.88.01.83.217.880.5Ca

8.70.20.10.90.20.61.5Standard deviation
59.01.70.910.02.24.022.1% of total

19.419.50.90.34.80.62.58.236.8Mg
2.90.10.01.10.10.31.1Standard deviation

53.02.50.913.01.66.822.2% of total
0.120.080.010.050.136B

0.020.000.01Standard deviation
61.85.133.1% of total

2.295.230.362.127.697Mn
1.000.171.00Standard deviation
67.94.627.5% of total

0.030.310.070.410.786Zn
0.080.040.26Standard deviation
39.38.751.9% of total
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Ì�Í@ÎZÏVU R1R@WVRXË
YtÐid(gDh(z�ei¸
g�_*cO\oe g-ºbdfe gD\aeig-d�p-»sc%e�\yg^_�\b\*`yh(esl¶¸
e�l@\o_�]@_�d(Ñ�g ë|N hfesl¶Ñ�c%g ë c%e
g�_v\v\�lfcÒ`*g�_*cO�o¸
g�cOdfe�d�p�e ¸
g^_*cO\oe g�`¤c%e,Þrdf_�d8Óf¸
z{h�padf_�\a`bg�c%e�Óo] ë h Ô!Õ l(_*¼GÑ�\ac}] ë g�c%e�Ö�hfe ¸ hf_*¼
�f×1×1� �

Under-           Needles       Twigs      BranchesStembarkStemwoodTotalNutrient
growthLiveDeadLiveDeadLiveDead

7.3112.95.30.616.81.917.051.2205.7N
11.32.10.13.30.23.112.8Standard deviation
54.92.60.38.20.98.324.9% of total

0.78.00.80.12.30.47.511.430.4P
0.60.40.10.60.46.26.4Standard deviation

26.22.80.27.51.224.837.4% of total
20.639.53.30.19.20.55.627.785.9K

8.51.00.01.50.11.55.0Standard deviation
46.03.90.110.70.66.532.3% of total

3.548.42.40.914.33.18.037.0114.0Ca
23.20.80.23.60.83.75.0Standard deviation
42.52.10.712.52.77.032.4% of total

3.734.01.80.37.41.05.117.166.8Mg
8.01.00.11.20.21.21.4Standard deviation

51.02.80.511.11.67.725.5% of total
0.020.140.010.090.241B

0.030.000.02Standard deviation
59.35.435.3% of total

0.443.490.624.068.172Mn
0.600.301.92Standard deviation
42.77.649.6% of total

0.010.340.120.781.243Zn
0.090.080.50Standard deviation
27.39.763.0% of total
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å£áoüvé�àXêfû1ßDé�ä²öbê(ß�æb÷ Ñ à*è/ö��Sö�é*ç(õ�áaé��Söbæuß�á8ã1â²ö�è/à(àfÿ£übà8êfß�áoä²ê|ö*ÿ£á�â}áoé�ëXö�é!�1é�à��
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é�öbæ%�
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+ áoêfû�áoé%&(ç�ý���� � ç�á8ê�ÿ~ä²ê,	@ö-�1ß�öbå�ã
övé*ç/ý����@ý8ç�á8æ-è/öbâ²â¤áoæ�ß�õ�áaß.�@é�ö*ÿ1ä²üvß�öbÿ¶ìÒà8é + á8êfû�áaé%& ý����@ý
ñ%æDà8û|ê�ÿ�á8ê|ÿrÿ|áoå£á8ë8ö*ÿ,ìVà8é�öbæuß�ó�áoé�ö�ë8ä�Söbê6ä²ê � á8ã|â²öGý8ýX÷²ý��(÷ ± ö*áoêyá8ê1êfû�á8âiá8ê|ÿ�übû@éDé�öbê(ß/é�áoß�övæ
àoì¤û*�1ß�áoúSö
�|â²û1æ/�@é�ö*ÿ1ä²üvß�öbÿté�övß�û1é�ê1æ�à8ì�êfû1ßDé�ä²öbê(ß�æ>ß�à6ß�õ|öGìVà8é�öbæuß Û à(à8é�ã0&�ü-&@übâ²àXê|ö1	fä}ê|áyáoé�ö
æDõ1àaè¤êIáoæ�è/övâ}â%÷ Ú àoßGæDû@é��1é�ä²æDä²ê|ëXâ'&(ç�ß�õ1ö,üvû1éDé�öbê(ß�á8ê|êfû|á8â�êfû@ßDé�ä}övêfß�û*�@ß�á8úSöGè/á8æ�õ|ä²ëXõ1öbæußGä²ê
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Ì�ÍfÎZÏVU R@R1W{RXØZYrÐid(gDh(z�e ¸
g^_*cO\aeig>ºbdfe gD\aeig>hfesl�Ñ�c%g ë c%e 2 g^_�\b\rlfcÒ`*g�_*cO�o¸
g�cOdfe d�p£ei¸
g�_*cO\oe g�`Jc%e
Ó8] ë hSÔ!Õ�l(_*¼�Ñ�\ac}] ë g>c%etÞ6d(_vd(qyh(e cipad(_�\a`*g Å Ö
h(ei¸ h(_*¼��f×1×1�*Ç �

Under-           Needles           Twigs          BrancheStembarkStemwoodTotalNutrient
growthLiveDeadLiveDeadLiveDead

15.4110.14.50.519.43.023.974.2235.4N
11.20.40.02.30.75.315.2Standard deviation
46.81.90.28.21.310.231.5% of total

1.47.40.60.02.20.22.010.222.5P
1.10.10.00.60.10.83.1Standard deviation

32.82.60.19.61.08.745.1% of total
43.851.63.60.114.11.112.349.8132.5K

12.30.80.13.00.15.67.1Standard deviation
38.92.70.110.60.89.337.6% of total

7.356.43.30.922.34.615.962.0165.3Ca
12.40.90.24.41.27.410.2Standard deviation
34.12.00.513.52.89.637.5% of total

7.918.31.30.26.70.95.320.353.0Mg
4.30.30.00.70.11.83.0Standard deviation

34.52.40.312.61.810.038.4% of total
0.020.160.020.120.295B

0.030.000.03Standard deviation
52.95.741.3% of total

0.937.830.805.7914.421Mn
6.430.382.74Standard deviation
54.35.540.1% of total

0.050.340.151.121.609Zn
0.070.100.71Standard deviation
21.09.669.4% of total
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Ì�Í@ÎZÏVU R@R1W{R02�Y�Ð dfguh=</e ¸
g^_*cO\aeig�ºbdfe gD\aeig-d�p6h@�bd(¹(\�>O]@_�df¸
esl�<²c%¹Xc%e|]5g^_�\b\y�ocOd(qyhS`b`rc%e ÐZ¸?>
<{hS`o\oÑ�h�@�Þrdf_�d8Óf¸?<{h5h(e�l�Þ6df_�d(qyh(eic pad(_�\a`*gO`�hfg>¹Shf_*cOd(¸�`J`*guh8]1\a`�l(¸
_*c%e�]tgBA \£`*g^¸ l(¼�»C<²¸�`
\*`*g^c%q6hfgu\blÃhfe ei¸ h0<>_�h(gD\a`5d�p¶¸X»�guhXÓ@\�hS`5Ñ�\�<B<-h(`~hfq6df¸
e g�`¶d�p5ei¸
g�_*cO\oe g�`�_�\�<{\bhS`o\blÈ�o¼
ºa¼@º�<{dfes\EDic%e�h �6F cOºo_�d(ei¸
g�_*cO\oe g�`�c%e�gBA \~`*gD\aq Å Ñ�d8dXlHG-�bh(_�Ó*ÇÈÑ�\o_�\ ºvh=<{ºo¸?<{h(gD\bltpb_vd(q
ºbd(esºb\oe g^_�h(g^cOd(e `¶d@�ogDh(c%es\bl6padf_tg^_�\b\*`�c%e�gIAZ\KJ;<{\bd0<V\^]|h½l(_vh(c%esh8]1\��bhS`*c%e �9L qyd(¸
eigO`�c%e
Óo]�AZh(Ô�Õtl(_*¼yÑ�\oc}]�A
g �

            In foliage      In stem and foliage 
ZnMnBZnMnBMgCaKPN

TULASEWA FOREST, Planted 1984
0.315.230.0840.797.700.13636.7580.4987.1418.35148.66Jan ’90
0.152.490.0400.614.880.09025.0753.0361.5613.0499.53Sep ’91

Jan ’91, predicted
0.355.880.0951.039.400.16945.5898.87109.5023.10183.72Sound forest
0.142.380.0380.564.540.08423.3049.3557.0112.0792.48Cyclone damaged

-0.16-2.74-0.044-0.18-2.82-0.046-11.68-27.46-25.58-5.31-49.13Actual uptake
0.050.870.0140.131.280.0236.1313.4214.523.0624.78Mean annual uptake
0.040.650.0110.241.700.0338.8318.3822.364.7535.06Uptake in 1990
0.213.500.0570.474.860.08522.2849.5252.4911.0391.24Cyclone release

KOROKULA FOREST, Planted 1979
0.343.490.1431.248.170.24166.91114.1686.0530.44206.00Jan ’90
0.232.390.0981.126.960.19455.2997.1572.3427.35167.89Sep ’91

Jan ’91, predicted
0.353.570.1461.328.620.25370.01119.9490.2732.22215.22Sound forest
0.232.370.0971.096.830.19154.3895.4471.1026.81165.19Cyclone damaged

-0.11-1.10-0.045-0.13-1.21-0.047-11.63-17.01-13.70-3.09-38.10Actual uptake
0.030.320.0130.110.740.0226.0810.387.822.7718.73Mean annual uptake
0.010.080.0030.080.450.0123.095.784.221.799.22Uptake in 1990
0.121.210.0490.231.790.06215.6224.5019.175.4150.04Cyclone release

KOROMANI FOREST, Planted 1975
0.347.830.1561.6114.420.29552.96165.29132.5222.54235.42Jan ’90
0.266.130.1221.5412.740.26149.08153.35121.5320.98211.83Sep ’91

Jan ’91, Predicted
0.358.010.1601.7115.070.30955.67173.76139.0823.73246.26Sound forest
0.276.160.1231.5512.820.26349.40154.33122.3021.11213.17Cyclone damaged

-0.08-1.70-0.034-0.07-1.68-0.034-3.88-11.94-10.99-1.56-23.59Actual uptake
0.020.520.0100.110.960.0203.5311.028.831.5015.69Mean annual uptake
0.010.180.0040.100.650.0142.718.476.561.1910.84Uptake in 1990
0.081.850.0370.162.250.0456.2719.4316.782.6233.09Cyclone release
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á8æDæDà(übä}áaß�ö*ÿ�ÿ1öbüvé�öbá8æDöbæ�ä}ê5ß�õ1öJêfû1ßDé�ä²öbê(ß-übàXê(ß�öbê(ß-à8ì$�0�8ð ñB`�ó�çC�XïSð ñI]�ó-áoê�ÿW��VXð ñ%ùGç � á@ç
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ª~«ed�f(¬�gHhCd�1ijhCd�g*hCd_is®�k�hel\g*f�mjf0iHn�d�o
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ß�õ|ö�û|ê|ÿ1övé�ëoé�à*è�ß�õyã|ä²àXå£áoæDæ�ã
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ù�à8é�à8ú@û1â}á-áoê�ÿJù�à8é�à8å£á8ê1ä�æuß�á8ê|ÿ1æ�â}áaé�ëXö�ü�õ�áoê|ë8öbæ�è/ö�é�ö�ê1à8ß/à8ã|æDövé��Xö*ÿJã
övß^è�öböbêJß�õ|ö$�1é�ö-��á8ê|ÿ
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ReferenceHDbhStockingAgeDryRainfallHeightRockLocation
[m][cm][trees/ha][years]months[mm][m]type

FIJI
Present study11.615.6826661800116AVTulasewa

14.720.48221150AVKorokula
17.524.96211590AVKoromani

BRAZIL
Chijioke (1980)98165230050SJari Florestal
Russel (1983)18.223.610339.55230050SJari Florestal

NIGERIA
Kadeba (1991)8.810.5842551250610IMKaduna

9.614.410367
11.615.811009
13.817.999911
17.420.1120115

Egunjobi (1975)10.312.22634651330230IMIbadan
10.523908
12.627679

14286610

AUSTRALIA
Richards and Bevege (1967)115355110020SBeerburrum

PUERTO RICO
Cuevas et al. (1991)17.514001103360350AVLuquillo
Lugo (1992)8141290403900220AVLuquillo

1827.885018.5580

AV: Acid volcanic; S: Sedimentary; IM: Igneous/metamorph
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�^���x�ÐÏ ÎMÎ7ÑÐÎ�OªÒD�ÃÚ=Ô�Ö=ß;Ö=×½Ø,Ü�Ô�Õ�è�Ý�Ó�Ú=è�Ö0Ü�Ü�Ö0×CØ,èZÕ�Ö0×�Ö0×j×ÃéÃÖ0ß�ÓB×r��ÛSÕ�è�Õ�×ÃÔ«Ü/Ù�Ú0Ûg��ÓB×ÃéHÜ
��Ö0Û�Ó�Ý�ÖMÕ-Ö
í½ßÐÖ0×ÃÔ%Ö0Ô�Ó�Ú0×ÃÜ
ÓB×��$Ó ��Ó�Ö=×½Ø¦Ú=ÔBAÃÕ�Û
Ô�ÛSÚ�í½Ó���Ö0ß4�-Ú=é?×ÃÔ�Û�Ó�Õ�Ü�Þ

ReferenceMAI (tonnes/ha)     Biomass (tonnes/ha)AgeElevationLocation
StemTreeFoliageStemTree[years][m]

FIJI
Present study7.210.49.443.362.26116Tulasewa

7.59.911.782.1109.41150Korokula
7.19.710.6115.6144.81590Koromani

BRAZIL
Chijioke (1980)9.011.07.253.766.0650Jari Florestal
Russell (1983)16.922.328.1161.0212.19.550Jari Florestal

NIGERIA
Kadeba (1991)2.43.63.412.118.15610Kaduna

5.27.28.136.350.67
6.28.712.056.278.09
7.19.614.478.5105.211
8.510.718.3126.9161.215

Egunjobi (1975)7.911.411.547.468.36230Ibadan
Egunjobi and Bada (1979)7.312.99.843.962.06230Ibadan

5.39.09.142.257.78
8.914.815.780.0108.09
9.717.920.297.4144.410

AUSTRALIA
Richards and Bevege (1967)11.758.7520Beerburrum

PUERTO RICO
Cuevas et al. (1991)9.594.911350Luquillo
Lugo (1992)9.51127*384220Luquillo

9.035131*16618.5580

*: Branches included
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Reference          Forest Nutrient Content [kg/ha]AgeElevationLocation
MgCaKPN[years][m]

FIJI
Present study378187181496116Tulasewa

6711486302061150Korokula
53165133232351590Koromani

BRAZIL
Chijioke (1980)25784633197650Jari Florestal
Russell (1983)136392218516739.550Jari Florestal+

NIGERIA
Egunjobi and Bada (1979)4098126102216230Ibadan

741872581837410

PUERTO RICO
Lugo (1992)36123424220Luquillo*

44122135918.5580

*: includes nutrients in pines as well as in other overstory trees
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Tulasewa Korokula Koromani

D J F M A M J J A S O N D J F M A M J J A S
Month (start December 1989)
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Cyclone
Sina

Tulasewa 6220 kg ha-1
Korokula 9189 kg ha-1
Koromani 6018 kg ha-1
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UndergrowthTotalSeedConesM. flowersWoodNeedles

TULASEWA FOREST
254.34594.213.19.588.042.24441.4Pre-cyclone litter fall

0.30.21.90.996.7% of total
230.821820.60.0471.05.414469.36874.9Cyclone litter fall

0.02.20.066.331.5% of total
460.92700.40.00.020.13.62676.7Post-cyclone litter fall

0.00.00.70.199.1% of total
277.45011.914.310.496.046.04845.2Pre-cyclone annual total
614.53600.50.00.026.84.83568.9Post-cyclone annual total

KOROKULA FOREST
127.97736.626.2901.7571.6681.35555.8Pre-cyclone litter fall

0.311.77.48.871.8% of total
101.718092.40.02948.651.25270.99821.7Cyclone litter fall

0.016.30.329.154.3% of total
296.43024.01.00.0143.743.52835.8Post-cyclone litter fall

0.00.04.81.493.8% of total
153.59283.931.41082.0685.9817.66667.0Pre-cyclone annual total
395.24032.01.30.0191.658.03781.1Post-cyclone annual total

KOROMANI FOREST
544.74021.115.095.5375.999.13435.6Pre-cyclone litterfall

0.42.49.32.585.4% of total
817.317861.50.01390.6106.29352.47012.3Cyclone litterfall

0.07.80.652.439.3% of total
466.42815.02.71.0115.117.42678.8Post-cyclone litterfall

0.10.04.10.695.2% of total
726.35361.520.0127.3501.2132.14580.8Pre-cyclone annual total
621.93753.33.61.3153.523.23571.7Post-cyclone annual total
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ZnMnBMgCaKPN

TULASEWA FOREST
Dec’89-Oct’90, pre-cyclone needle fall

265639.40.2000.8870.0920.0160.389Weighted average
275819.50.2000.8780.0960.0160.387Arithmetric mean (n=11)
3690.90.0120.0640.0240.0040.039Standard deviation

Nov’90-Dec’90, cyclone needle fall
244878.00.1930.6100.3140.0690.670Weighted average (n=2)

Jan’91-Sep’91, post-cyclone needle fall
3064710.10.2230.8230.1060.0350.436Weighted average (n=9)
3063610.10.2240.8280.1070.0350.444Arithmetric mean
370.80.0150.0700.0350.0110.107Standard deviation

0.0610.1630.1720.0280.199Woody litter fall (bulk)
0.2520.3050.5790.0500.668Undergrowth litter fall (bulk)

KOROKULA FOREST
Jan’90-Oct’90, pre-cyclone needle fall

1437813.60.3270.7800.0740.0120.312Weighted average
1439213.80.3170.7840.0720.0130.321Arithmetric mean (n=10)

2441.60.0210.0690.0220.0060.043Standard deviation
Nov’90-Dec’90, cyclone needle fall

1638014.90.3090.5620.2260.0490.772Weighted average (n=2)
Jan’91-Sep’91, post-cyclone needle fall

2138114.40.3400.6900.0840.0960.482Weighted average
2140014.40.3380.6940.0820.0910.471Arithmetric mean (n=9)

31000.60.0150.0420.0150.0400.131Standard deviation

0.1010.2000.1560.0330.394Woody litter fall (bulk)
0.1470.1610.1410.0640.851Male flower fall (bulk)
0.6220.9930.7900.0821.092Undergrowth litter fall (bulk)

KOROMANI FOREST
Feb’90-Oct’90, pre-cyclone needle fall

1660710.20.2060.6840.0990.0110.342Weighted average
1962410.70.2010.6830.0950.0110.334Arithmetric mean (n=9)

9661.90.0210.0500.0140.0020.043Standard deviation
Nov’90-Dec’90, cyclone needle fall

2161210.90.1840.5180.2680.0480.807Weighted average (n=2)
Jan’91-Sep’91, post-cyclone needle fall

2573511.30.1850.6580.1100.0210.520Weighted average
2574811.60.1840.6560.1050.0200.506Arithmetric mean (n=9)

6661.10.0070.0360.0210.0080.119Standard deviation

0.0930.3240.1210.0290.314Woody litterfall
0.1330.1860.1260.0570.813Male flower fall (bulk)
0.5151.2030.2690.0481.030Undergrowth litter fall
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ZnMnBMgCaKPNDifference in means of needle fall 

<**<**<*<***>*ns<***<*Tulasewa pre- <> post-cyclone
<***ns<**<***>***ns<***<**Korokula pre- <> post-cyclone
<*<***ns>**nsns<***<***Koromani pre- <> post-cyclone

>***>***<***<***>***>**>*>***Pre-cyclone Tulasewa <> Korokula
>**ns<*ns>***ns>***>***Pre-cyclone Tulasewa <> Koromani
<*<***>***>***>***<***nsnsPre-cyclone Korokula <> Koromani

>***>***<***<***>***>**<***nsPost-cyclone Tulasewa <> Korokula
>**<***<***>***>***ns>***nsPost-cyclone Tulasewa <> Koromani
<**<***>***>***>**<***>***nsPost-cyclone Korokula <> Koromani

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

tvu�wEx¨§^© f?« o�¬�0û"µpü?±´²�¶{µ7»¹±�ü?²|¯n³�\±´²�¶ªÙ ýdþ ù�° ÿS� �^¯$\²®ü?¯n±K�º ²<µ ²~ù�6»\µ®¯�\¶n²v½6µ�µ®¯¹³Q±Ô·k³Q²|z
²~�¯]»\°®·Q·v³Q±�²ùEÈ�uü?·¨°	¶�\��°H»\µ®¯�\¶n²���·¸µ®²<À

ZnMnBMgCaKPN

0.122.500.048.8639.384.090.6917.27Dec’89-Oct’90, pre-cyclone needle fall
0.173.350.0513.2941.9321.604.7846.07Nov’90-Dec’90, cyclone needle fall
0.081.730.035.9822.032.830.9311.68Jan’91-Sep’91, post-cyclone needle fall

0.040.110.110.020.13Dec’89-Oct’90, pre-cyclone woody litter fall
9.1124.3525.704.1829.73Nov’90-Dec’90, cyclone woody litter fall
0.000.010.010.000.01Jan’91-Sep’91, post-cyclone woody litter fall

37.28127.8154.3310.60104.89Total in pine litter fall
22.4066.2947.298.9675.80Total in cyclone pine litter fall

9.7143.084.580.7818.98Pre-cyclone annual total pine litter fall

0.640.781.470.131.70Dec’89-Oct’90, pre-cyclone undergrowth litter fall
0.580.701.340.121.54Nov’90-Dec’90, cyclone undergrowth litter fall
1.161.412.670.233.08Jan’91-Sep’91, post-cyclone undergrowth litter fall

2.382.895.480.476.32Total in undergrowth litter fall
0.700.851.610.141.85Pre-cyclone annual total
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t�u�wEx¨§ © f?«O�?¬�0û¹µsü?±�²5¶{µ�»{±�ü?²|¯n³��±�²5¶VÙ ý=þ ùE° ÿ�� � ¯��²¸ü?¯n±�$º^²<µÈ²ùE6»\µ�¯�n¶n²�½3µ�µ®¯{³Q±�·k³Q²|z
²<\¯]»\°�·Q·1³Q±¡²ùE�
¹µ®¯�µ ý ü?·¨°H»\µ�¯�n¶n²1�K·¸µ�²~À

ZnMnBMgCaKPN

0.082.100.0818.1543.344.110.6617.36Jan’90-Oct’90, pre-cyclone needle fall
0.153.730.1530.3455.1622.164.7975.81Nov’90-Dec’90, cyclone needle fall
0.061.080.049.6519.572.392.7313.66Jan’91-Sep’91, post-cyclone needle fall

1.603.172.470.526.24Jan’90-Oct’90, pre-cyclone woody litter fall
8.3016.4412.822.7132.38Nov’90-Dec’90, cyclone woody litter fall
0.040.090.070.010.17Jan’91-Sep’91, post-cyclone woody litter fall
0.840.920.810.374.86Jan’90-Oct’90, pre-cyclone male flower fall
0.080.080.070.030.44Nov’90-Dec’90, cyclone male flower fall
0.210.230.200.091.22Jan’91-Sep’91, post-cyclone male flower fall

69.21139.0045.1111.91152.14Total in pine litter fall
38.7271.6835.067.53108.63Total in cyclone pine litter fall
24.7056.928.861.8534.15Pre-cyclone annual total pine litter fall

0.801.271.010.101.40Jan’90-Oct’90, pre-cyclone undergrowth litter fall
0.631.010.800.081.11Nov’90-Dec’90, cyclone undergrowth litter fall
1.842.942.340.243.24Jan’91-Sep’91, post-cyclone undergrowth litter fall

3.275.224.160.435.74Total in undergrowth litter fall
0.951.521.210.131.68Pre-cyclone annual total
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ZnMnBMgCaKPN

0.062.090.037.0923.483.410.3711.75Feb’90-Oct’90, pre-cyclone needle fall
0.154.290.0812.9136.3018.823.3556.61Nov’90-Dec’90, cyclone needle fall
0.071.970.034.9417.612.940.5713.93Jan’91-Sep’91, post-cyclone needle fall

0.180.630.240.060.61Feb’90-Oct’90, pre-cyclone woody litter fall
9.9934.8113.003.1233.73Nov’90-Dec’90, cyclone woody litter fall
0.020.060.020.010.06Jan’91-Sep’91, post-cyclone woody litter fall
0.500.700.470.213.06Feb’90-Oct’90, pre-cyclone male flower fall
0.140.200.130.060.86Nov’90-Dec’90, cyclone male flower fall
0.150.210.150.070.94Jan’91-Sep’91, post-cyclone male flower fall

0.0
35.93114.0039.187.80121.54Total in pine litter fall
23.0571.3031.966.5291.21Total in cyclone pine litter fall
10.3633.095.490.8520.55Pre-cyclone annual total pine litter fall

2.816.551.470.265.61Feb’90-Oct’90, pre-cyclone undergrowth litter fall
4.219.832.200.398.42Nov’90-Dec’90, cyclone undergrowth litter fall
2.405.611.250.224.80Jan’91-Sep’91, post-cyclone undergrowth litter fall

9.4222.004.920.8818.83Total in undergrowth litter fall
3.748.741.950.357.48Pre-cyclone annual total
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UndergrowthSeedConesM. flowersWoodNeedlesTotal

TULASEWA FOREST (Planted 1984)
Jan’90-Sep’90

65583.238952607295110561Pre-cyclone mean (n=7)
8825.59544466612302504Standard deviation
62.10.03.70.55.727.9% of total

Jan’91-Jul’91
59385.01100472967743717494Post-cyclone mean (n=3)
15917.145729103512082407Standard deviation
33.90.06.30.317.042.5% of total

KOROKULA FOREST (Planted 1979)
Jan’90-Sep’90

12572.11184315704903012493Pre-cyclone mean (n=7)
7003.64838436812841482Standard deviation

10.10.09.52.55.672.3% of total
Jan’91-Jul’91

19082.2335211141851153921097Post-cyclone mean (n=3)
5522.110056485523693519Standard deviation
9.00.015.90.519.854.7% of total

KOROMANI FOREST (Planted 1975)
Jan’90-Sep’90

26170.49432491268843413511Pre-cyclone mean (n=7)
10140.95754892210781626Standard deviation
19.40.07.01.89.462.4% of total

Jan’91-Jul’91
42414.4260414146701087122531Post-cyclone mean (n=3)
11345.217256121571966193Standard deviation
18.80.011.60.620.748.2% of total
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'�(`),+�ä1å)�pç � é �4� íEî�ð � íEïQð�ñ«ò ï6ì�ð�ñ«ò�ð�î�òwò;í � ëUð�ìlëUó�ñbï�1 õ ó ô ëUð � ívó�ñ ô@��� ó õ � î�í � ð�ñ«ò � ó/ï6ì �
�E����ô ó+ñ�íxñ��PìAî6ëUí�ñbì � ó�ñ � í�ñbìlî�ð�ìlëUó�ñbïtë�ñÿì � í � ð+î6ëUó��dï � ó ��� ó�ñ«íEñCìUïQó õ ì � í ô ë�ìlìJí�î ô ð � í�î�ï
� � ô ð/ï�í � ð ��� ó+î�ó   � ô ð ð+ñ�ò � ó�î�ó � ð+ñbë õ ó�î�íEï6ìUï�ö���ó�ñ � íEñCìAî�ð+ìAëUó+ñpï�ë�ñ�� õ ó+î � ð � î�ó�ñ�� �
ìAî6ëUí�ñbìAïGð�ñ�òtë�ñ �;��� õ ó�î � ë � î�ó�ñ��Pìlî6ëUí�ñbìAïEö

ZnMnBMgCaKPN

TULASEWA FOREST (Planted 1984)
Needles Jan’90-Sep’90

316109.40.2120.9010.0680.0190.409Pre-cyclone mean (n=7)
2670.80.0150.0340.0110.0010.017Standard deviation

Needles Jan’91-Jul’91
326809.20.2130.7940.1410.0560.877Post-cyclone mean (n=3)

0420.50.0070.0020.0510.0040.045Standard deviation
0.0880.1470.1480.0360.306Woody parts
0.2270.2980.1090.0600.853Male flowers

Undergrowth Jan’90-Sep’90
0.1570.2350.1120.0260.528Pre-cyclone mean (n=7)
0.0110.0370.0060.0010.003Standard deviation

Undergrowth Jan’91-Jul’91
0.2360.5800.1310.0510.857Post-cyclone mean (n=3)
0.0290.1250.0380.0080.106Standard deviation

KOROKULA FOREST (Planted 1979)
Needles Jan’90-Sep’90

1444312.50.2980.7630.0490.0210.478Pre-cyclone mean (n=7)
2241.80.0170.0500.0040.0040.036Standard deviation

Needles Jan’91-Jul’91
2144511.30.2850.7310.0880.0370.783Post-cyclone mean (n=3)

2240.40.0350.0170.0110.0020.085Standard deviation
0.0900.2030.0550.0150.240Branches/twigs
0.1130.0680.0770.0200.430Cones
0.2360.3140.0570.0350.793Male flowers
0.2940.5510.1190.0360.761Undergrowth

KOROMANI FOREST ( Planted 1975)
Needles Jan’90-Sep’90

1663210.20.2100.7090.0920.0110.434Pre-cyclone mean (n=7)
2621.20.0160.0380.0180.0030.050Standard deviation

Needles Jan’91-Jul’91
2276411.50.2150.7050.1020.0460.802Post-cyclone mean (n=3)

1331.00.0090.0090.0340.0030.060Standard deviation
0.1020.2440.0710.0270.379Woody parts
0.1720.3450.0590.0440.817Male flowers
0.2350.7330.0830.0490.933Undergrowth
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'�(*),+�ätå/�Pç   éb¡�ë � ñCë ¢ � ð�ñ � í ô í � í ô ï õ ó�î � ë�ì � ë�ñ � ð�ñ�ò�.�í�ì � í�í�ñ � ï6ë�ìJíqò�ë £4íEî�í�ñ � íEï�ë�ñ � í�ð+ñ
ñ��PìAî6ëUí�ñbì � ó+ñ � íEñCìAî�ð�ìlëUó�ñpï?ë�ñ � î�í � ð�ñ�ò � ó�ï6ì �Ï�����Eô ó�ñ�íhñ«í�í�ò ô í ô ë�ìlì�íEî�ö

ZnMnBMgCaKPNDifference in means of needle litter

ns<*nsns>***<***<***<***Tulasewa pre- <> post-cyclone 
<***nsnsnsns<***<***<***Korokula pre- <> post-cyclone 
<***<***<*nsnsns<***<***Koromani pre- <> post-cyclone 

>***>***<***<***>***>***ns<***Pre-cyclone Tulasewa <> Korokula
>***nsnsns>***<***>***nsPre-cyclone Tulasewa <> Koromani

ns<***>**>***>**<***>***>*Pre-cyclone Korokula <> Koromani

>***>***<***<**>***ns>***nsPost-cyclone Tulasewa <> Korokula
>***<**<**ns>***ns>**nsPost-cyclone Tulasewa <> Koromani

ns<***ns>**>*ns<***nsPost-cyclone Korokula <> Koromani

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

'�(*),+�äBå)�pçfåN¤pé �4� íEî�ð � í � î�í � ð�ñ�ò � ó�ï6ì �Ï�����Eô ó�ñ�íqñ��PìAî6ëUí�ñbì � ó�ñbì�í�ñbì�1  ��B� ð 2X3�� ó õ ô ë�ìlìJí�î
ï6ì�ð�ñ�ò+ë�ñ �\� î�ó � ë�ñ�ì � í � � ô ð�ïEí � ð õ ó�î�íEï6ì �«ô ó�ì�ö

ZnMnBMgCaKPN

0.091.80.036.326.82.10.612.0Pre-cyclone needle litter
0.040.90.012.611.81.10.24.9Standard deviation
0.245.00.0715.859.010.74.264.7Post-cyclone needle litter
0.040.60.012.19.54.90.77.6Standard deviation

0.91.51.50.43.0Pre-cyclone woody litter
1.42.42.40.64.9Standard deviation
3.66.06.01.512.4Post-cyclone woody litter
0.50.90.90.21.8Standard deviation
0.10.20.10.00.4Pre-cyclone male flower litter
0.10.10.00.00.4Standard deviation
0.10.10.10.00.4Post-cyclone male flower litter
0.10.10.00.00.3Standard deviation

10.315.27.41.734.6Pre-cyclone undergrowth litter
1.72.21.20.24.7Standard deviation

13.632.57.42.949.3Post-cyclone undergrowth litter
1.81.01.30.36.9Standard deviation

17.643.611.02.650.2Pre-cyclone total
33.097.624.28.6126.9Post-cyclone total
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'�(`),+�ä�å)�pçfå;å�é �4� í�î�ð � í � î�í �Ï�E����ô ó�ñ«í�ð+ñ�ò � ó/ï6ì �Ï������ô ó�ñ«í"ñ��Pìlî6ëUí�ñbì � ó�ñbì�í�ñbì
1  ��h� ð 2X3 ó õ
ô ë�ìlìJí�î?ï6ìJð+ñ�ò�ë�ñ �Q� î�ó � ë�ñvì � í � ó�î�ó   � ô ð õ ó+î�í6ï6ì ��ô ó+ìJö

ZnMnBMgCaKPN

0.134.00.1126.868.64.41.943.3Pre-cyclone needle litter
0.030.70.033.58.50.80.57.6Standard deviation
0.235.10.1333.384.010.44.288.5Post-cyclone needle litter
0.030.80.039.315.13.60.68.9Standard deviation

0.61.40.40.11.7Pre-cyclone branch/twig litter
0.30.70.20.10.9Standard deviation
3.88.52.30.610.0Post-cyclone branch/twig litter
0.81.70.50.12.1Standard deviation
0.71.00.20.12.5Pre-cyclone male flower litter
0.20.30.00.00.7Standard deviation
0.30.30.10.00.9Post-cyclone male flower litter
0.20.20.00.00.5Standard deviation
1.30.80.90.25.1Pre-cyclone cone litter
0.50.30.40.12.1Standard deviation
3.82.32.60.714.4Post-cyclone cone litter
1.10.70.80.24.3Standard deviation
3.76.91.50.59.6Pre-cyclone undergrowth litter
2.13.90.80.35.3Standard deviation
5.610.52.30.714.5Post-cyclone undergrowth litter
1.63.00.70.24.2Standard deviation

33.278.77.42.862.1Pre-cyclone total
46.7105.617.66.2128.4Post-cyclone total
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'�(*),+�ä�å á ç�å á é=Ý�â�íEî�ðJã;íUä�î�íCå�æaç`æ ô ó+ñ�í�ð+ñ�ò�äbó/ï6ìuå�æaç`æ ô ó+ñ�í"ñ��PìAî6ëUí�ñbìeæ�ó�ñCìJí�ñbì
1/èJã�épð 2$3 ó õ
ô ë�ìlì�íEî:ï6ìJð+ñ�ò+ë�ñ?ã�æEî�óIäÞë�ñ�ìsébí�êXó+î�ó�ëBð�ñCë õ ó�î�íEï6ìXä ô ó�ì�ö

ZnMnBMgCaKPN

0.135.30.0917.659.67.70.936.4Pre-cyclone needle litter
0.010.50.012.37.01.30.24.5Standard deviation
0.248.30.1323.276.611.74.986.0Post-cyclone needle litter
0.041.60.033.413.75.90.69.3Standard deviation

2.35.41.60.68.4Pre-cyclone woody litter
1.12.60.80.34.0Standard deviation
7.417.75.22.027.6Post-cyclone woody litter
2.45.71.70.68.9Standard deviation
0.40.90.10.12.0Pre-cyclone male flower litter
0.10.20.00.00.4Standard deviation
0.20.50.10.11.2Post-cyclone male flower litter
0.10.20.00.00.5Standard deviation
6.119.22.21.324.4Pre-cyclone undergrowth litter
2.47.40.80.59.5Standard deviation

10.031.13.52.139.6Post-cyclone undergrowth litter
2.78.30.90.610.6Standard deviation

26.585.111.62.971.2Pre-cyclone total
40.9125.920.59.1154.3Post-cyclone total
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+: Present study
*: Other studies

Pre-cyclone

Post-cyclone

ÿ���������ävå á ç   é{Ý�ëBó��PñbìAï>ó õ ô ë�ìAì�í�îQó�ñyìsébí õ ó�î�íEï6ì 0 ó)ó�î	��ä�������� õ ó�î�íEï6ì"ðJã;í õ ó+îr-=ë�ñ��dï
æ�ð�î6ë/.�ð�í�ð|ä ô ð�ñCìJð+ìAëUó+ñ õ ó�î�íEï6ìUï\ë�ñóâ/ð+î6ëUó��dï\ìAî�óIä�ë/æ�ð ô æ�ó*�Pñbìlî6ëUí6ï�ö��Qébíxï�ó ô ëUòÞî�íWã+î�í6ï�ï6ëUó�ñ
ô ë�ñ�íqò�íEïCæEî6ë/.�íEïGìsébíhð;æIæa�&ët� ô ð�ìlëUó�ñÞó õ ô ë�ìAì�íEî��
ë�ìfé õ ó+î�íEï�ì�ðCã9í�ë�ñvìfépíGï�ìu�bò�çXï6ë�ì�í6ï�ö



ÔN�,ÕqÖ;Õ����C�
�=������������×}�CØ����9� -�Ù#Ú�Û�¡Ü��ÝbÞbÙ"ß5Ý�àeÝ � ���������b���C�	��� á"!"#

'�(*),+�ä\å á ç�å # é�Ý4ñbñ��bð ô ð�ëBó��PñCìUïBó õ ô ë�ìlìJí�î õ ð ô�ô 1lì	épð 2X3 � ð�ñ«ò1ð/ï�ï�óJæ�ëUð�ì�í�ò ñ��PìAî6ëUí�ñbì�î�íCå
ìu�Pî6ñpï=ë�ñ ô ë�ìlìJí�î õ ð ô�ô 1fèJãGépðH2X3�� õ ó�î	-=ë�ñ��dïbæ�ð�î6ë/.�ð�í�ð
ä ô ð+ñbì�ð�ìlëUó�ñpï8ó õ â/ð+î�ç�ë�ñ?ãXðCã9í�ë�ñ$��ë 
6ë��
ÚGëOã;í�î6ëUðQð+ñ�òt-U�bíEî6ì�ó�Þ4ë/æ�ó�ö

Reference            Nutrient returns       Litter fallAgeDryPAlt.Location
MgCaKPNNeedleTotalmonths[mm][m]

FIJI
Cyclone Sina excluded

Present study9.743.14.60.819.04.85.0661800116Tulasewa
24.756.98.91.934.26.79.31150Korokula
10.433.15.50.920.64.65.41590Koromani

Cyclone Sina included
Present study3110251109210.926.5661800116Tulasewa

5911942913715.426.11150Korokula
329937710810.823.81590Koromani

NIGERIA
Kadeba(1991)3.0751250610Kaduna

3.19
3.711
4.515

Kadeba & Aduayi {1985)5.816.77.30.613.13.1751250610Afaka
6.819.67.30.716.83.710

Egunjobi (1975)2.0651330230Ibadan
Egunjobi & Fasehun (1972)2.711.46.90.47.31.91.94-551330230Ibadan

10.735.913.60.626.96.07-10
Egunjobi & Onweluzo (1979)10.934.014.50.625.55.87-1051330230Ibadan

PUERTO RICO
Cuevas et al. (1991)9.112.11103360350Luquillo
Lugo (1992)2.12.1403900220Luquillo

3.40.714.03.03.15
6.87.46

11.913.618.5
9.62.586.011.912.919.5

12.614.520.5
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d;1 3 k KCA9:
BJLOFN:I>tLM>�P7KCg?RM:Ghai�jMhI�;j�P=8?:
ROKa6S69:"AeE=:"A9:b][KaAS69LM^I<?ROKCA9Rc_�RMDaEÜTpDCAU�,>b÷;Ee8;LO^�8r4S8;DaE�:�@
'�(`),+�äBå á ç�å 6 é5Þ8íWã�î�íEï�ï6ëUó+ñÐæ�ó�ñbï�ì�ð�ñCìUï�ð+ñ�ò>ìsébíEë�î�ï�ì�ð�ñ«ò�ð+î�òQí�î6î�ó+î�ï{1S.�í�ìC��í�í�ñÏ.�î�ð;æ"è;íEìAïD�
ð�ñ«ò�æ�ó)íFE�æ�ëUíEñCìUïqó õ ò;íEì�íEî�ëqë�ñ�ð+ìAëUó+ñ õ ó�îXí�Gaä�î�í6ï�ï6ëUó�ñbïqò�íEïCæEî6ë/.�ë�ñ?ãxìfépí�æIépð+ñ?ã9í6ïqë�ñ�ñ��&å
ìAî6ëUí�ñbìGæ�ó�ñbì�í�ñbìt1fèJã�épð 2X3 �vó õ ìsébí ô ë�ìAì�íEî ô ð�ç�í�îH�
ë�ìsé õ ó�î�í6ï6ìGðCã9í�1Wç�í�ð�î�ïD�1ë�ñÜ¡JILK�ë�ìlë
ê�íCâN�böhêDë�ñ«í6ïM��íEî�í
¢�ìlìJí�òQìfédî�ó*�`ãNé õ ó*�PîXò;ð�ì�ð�äpó+ë�ñbìAï�î�íSä�î�íEï�íEñCìAë�ñ[ã1ðCã9íONP�=Q4�SR"R1ð+ñ�òR"T{ç�í�ð+î�ï�ö

U V�W )YX

r2baNutrientr2baNutrient

0.7510.20 (6.42)1.42 (0.57)Mg1.0034.62 (0.76)2.47( 0.07)N
0.751.65 (0.98)0.21 (0.09)Mn0.942.17 (0.11)0.05 (0.01)P
0.620.0284 (0.0296)0.0048 (0.0026)B0.485.97 (2.82)0.34 (0.25)K
0.010.1180 (0.0252)0.0004 (0.0022)Zn0.9623.22 (7.22)4.35 (0.64)Ca

RMLc6S69RM:GFNKaA9LOKC69LMDN>{EeLc698�KJBJ:)÷QKJ>[@rTVDJAb�?÷&Ee8?LM^�8zE=KJ4
:�9`^I:"];69LMDN>?KJRMRc_|RMD�E KC6	�
DJA9DNv*<;RqKoTpDCA9:I4W6�j
P=8;:
YZ:�KJ>tKJ>?>*<?KJR,LM>?^"A9:�KC4S:bLO>�698?:
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'�(*),+�ä�å á ç�å ! é=Ý�ëBó��PñbìAï:ó õ ô ë�ìlì�íEît1Jì�épð 2$3 �Xð�ñ«òqñ��Pìlî6ëUíEñCì�æ�ó�ñbì�í�ñbì�ó õ ô ë�ìlì�íEît1/èCã�ébð 2X3 �
õ ó+î�-=ë�ñ��dï�æ�ð�î6ë/.�ð�í�ðZä ô ð+ñbì�ð�ìlëUó�ñbïGë�ñvìfépí"ìlî�óIä�ë/æEïEö

Reference                  Litter on the forest floorAgeDryPAlt.Location
MgCaKPNNeedleTotalmonths[mm][m]

FIJI
Present study17.64411.02.6503.010.6661800116Tulasewa
Present study33.2797.42.8629.012.5116180050Korokula
Present study26.58511.62.9718.413.5156180090Koromani

BRAZIL
Chijioke (1980)*84.117512.912.922764.765230050Jari Florestal
Russell (1983)21.57611.94.816023.89.55230050Jari Florestal

NIGERIA
Kadeba & Aduayi {1985)176714.92.153.110.6751250610Afaka

20.68315.82.466.712.110
Egunjobi & Bada (1979)3.678.90.418.13.7651330230Ibadan

4.68
17.39

13.839.447.3288.719.710
Egunjobi & Fasehun (1972)5.224.1100.713.33.74-551330230Ibadan
Egunjobi & Onweluzo (1979)20.77-1051330230Ibadan

AUSTRALIA
Richards & Bevege (1967)4.25520Beerburrum, A

TRINIDAD
Cornforth (1970)10.0517.02.0396.1402800Matura

7.0394.01.0304.460330070Valencia
29.01235.04.09013.1703000200Melajo
16.09412.08.07711.04-120250010Cumuto

PUERTO RICO
Cuevas et al. (1991)6.110.51103360350Luquillo
Lugo (1992)5.25.6403900220Luquillo

6.51.8375.76.25
7.89.16

12.615.718.5
9.83.810212.315.219.5

13.818.920.5

*: includes undergrowth
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ËP£¨���P���cÊ¨��§$¤«���¬���¥��®��¤����2�=¤«�������D�S���������¯����n��2�����������"��ª°�2��������+���2�=¥�±"¥��������M��¤²�7£����������P����7�������³��������¤������´ª²���µ§"����¥�£2�����§$���M���2�¬�"�����7����£2� ¥��2���"������° .�v¥����v�2�������+�����S����¥���£����4�2¥��2�����4������S�����¢¥������v��¥���7¥����v�Y�4���³�����4����¤2�������=ª²�����������¶�³�¶�¨���������¶���"���4£��4�=������¤«�������D����¥����D±"�D�����·���2§�������P¥����?���§	�7£����������P��ü¨£�9"����¸Y���¹ª����������2� �4�?�����4£2���D±��D�����@¥����v�¨�������v���7���¶ª°������¸Y�J§�����¥�£������§���	���2���°¥��¨���"������
���$��º »ìÄ?¼�À��¿Áo®¡�¾½ Á�¿ÐÅ�©�Á�Â=Å�©=¬ ¾�©�Å{°¯¼¬�B��©²¼b±
À�Á¯ÂCÃ+Â�À ÄµÅ²ÆmÇ=È�É�Ê¬Ë}Ì°Í©Ä+Ì É�ÈMÎaÌ É�Ï�ÐYÑSÒ�Ó
 ¢�2�¦�����v�2�����2�¡�"���P¥��§"£������v¤����	�������Ôª²�?������²��������£2�4�"¤;�����;� �D�����Gü2�?ªÕ���¨§Ö���³�������	�Y����¥�����������¨���×���³�����§"±©¸Y�����Ö§�����¥�£2������§B���~î"��¥������4�ÖØ"� Ù7�&Ú���¥�£2£�����£2¸Y�×�³±������v���������	Û � �P�7§��°ÜÝ4Þ�ß�ª¢�����S£2����§$���×�����v�����=�������0�v�����D��£����¬¤����µ���2�=§����������v���2�������4�$��¤��³���+¥��2���v��¥���´¥����v�Y�4���³�����4��� ¢�2�¢�³±"�����v���������´ª������¢�������F�����������§S¸7±¬�����¥������2�Jª°�³���v�Jà"��Ü�Ñ�É¯á��"���4��£������������2§S�����2�������µª°�³���§����D����������§Sª²�?�����°Û)â�á²ãäÙ²åQîS¥�� '.æ ��£2�P�����7������������¥�������¥����"¥��4�2§�£2¥������7�³�¹±�Û)â�á²�.��¤2���2����97������¥�����§���4��£��������®ª²���¯�����v�����?�¯���×���2���¯��¤����2�ç§����D����������§Oª²�?������ç ¢�2�ç�����v�2�������+ª������ç���2�D����������§®ª°�³������2���³�²¥��������v��¥µ¥�£2�2��ÈD£2�D�¢¸Y�����?ªä�����	Ó°�C��������è����M�?� §����"���2����¤¶Ù�à?é7ß�àç¥��¦�7���¢ª¢������ª°�³���2���×�����
û²ê á��+�2������è����Ö���v§"���������=��¤+Ø�à?éPÝ4à®¥��¦�& ¢���M§��������=��¤ ���2�D���������?�������ë���¨§&�����v�?�����¢��¤ ������³±������v��������������2�°�7£2�=¸Y���¶��¤��³±"�����v�����������������¥��v��������"���2§ç���2�°§��������2����¤������ ¥�£2�2������� �4���������	 .��¸2���SÜß"��Ü���Óä����¥�£�£2�·��¤.��¸Y��£�� ì�à4à¬�ç¸2����ª²���²��¸����������§�ª°�³���M�¯�¨���¨§v����¥�£�£2�í�2£2�v��� ¢�2�×§����������v���¨���������¡��¤°���2�oËP£2�����³�¹±¡��¤°���4���²�v�4���D��£"���v���ç§��³îv¥�£��³�ç���=���������×���������4£"��¥����ç��¤����������ÛsÉ+������������ï ðNñ Î��0Ü�ÝNòÙ��+�������P¥����?���§®ª°�³���O�����ç�v�������7§¦£2���§$���×��97������¥��J���2�ç�v�����D��£����4�����ª�����������ª°�³���×���¨�?���������4�?�����?�����4���� ¢���µ¥��2���v��¥���¨¥����v�Y�4���³�����4�×��¤´�v�����D��£���� ¥��4������¥����§�ª°�³�����£2¥��������©��±"�����v���������¬���çð7���?ª°�®���$�4�?��±®ª°�³���¡���2�v��£�¥������4�¡���2���=���=�����2�����§��0ª°�³���©�v�����D��£"���¸Y�����2�=��97������¥����§v¤«�����d���2¥�����������2�4�³±	�������������°�Y�������°ª°�³���	����¥����������������£2¥��������&ÛsÑJ������¥����³ñO���2§ ¢�2�����2�����¨Ü�ÝNò�Ý���¶ò¹���4§2§"�³��������������²��4��£��v�¢��¤���������¤«���4�óª°����¥������2�²�v�����D��£����²������9"������¥����§ç���£2��ð"���ª°���0òF¤.���2�µ�����2�����§	��£�¥������4�M��9�¥����§��¢���2���°�"�����4�����������ç���	�����+���4���;�?É 3 á²ô+õ+����±����������2�¬���4���0������£"�����4�O���$�4��������£2�+¤«�����¦�¨����������¸P±¦¥��¨���2�4�����×�³���J�?É·���2§rÉ¯á²ô='õ ¥����2¥����7�����?�����4���
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���������� # ç��������Sä��fé�����! "�#�%$'&!&($)�*�,+) .-�$'�%�/�0$) 1-324�Cë5+�â)$)&6-�$)�7�/�8+:9bâ)$`æ<;=;&ë>�*;"?@��&MçA�#�së5�aå
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RemarksEndStartDepthNumberCodePlot

A/B horizon, clay-loamSep 1991Dec/Jan 198930- 35 cm2,4,6,8PU 20-2Tulasewa
C horizon, RR, sandy loamSep 1991Dec/Jan 198990-110 cm1,3,5,7Forest

A-horizon, fine sandSep 1991Jan 199019- 25 cm2,4,6PU 09-5Korokula
At bedrock, gravelly sandy loamSep 1991Jan 199037- 95 cm1,3,5Forest

B horizon, sandy loamSep 1991Dec 198925- 30 cm2,4PU 09-4Koromani
C horizon, RR, sandy loamSep 1991Dec 1989100 cm1,3Forest
B horizon, sandy loamSep 1991Jul 199025- 30 cm6,8
C horizon, clay loamSep 1991Jul 199080- 85 cm5,7

K £"�����2�����v�����4�P���2�µ¥��������v��¥+���?��������������¤.���2�µ¥�£2�M����±v��������¥���������³±¦��¸2������¸M���4�v�µ��¤´�����µ���4���¤����4�����2�=���4��£��������¡�¨�����������M��������£2���&�³���¯�Y�������vÛ;�2��������¥�£����?���³±ML´�"N¯ô õ �HNPOPQ���.���¨§H�����������������2���¬���4���vÛ;�2������¸2�³±RNµ�"�TSM�"�6U7�;�6U�ôVQXW1Oµ���2�����¡���2§YOµ������������Ü�ÝÞ�ì'WZY���v�v���������2�Ö��ï�[]\_^��Ü�ÝÞX`4���� .�¯�v���2���v��è��¢��£2¥��v���ba2£2����¥����¶�4������� ¥��4�v�Y�4���³�����4�v��¤����4���¨�v�4���D��£"���²�����v�2�������4ª²���������97������¥����§ë�4�ë�����Ec2���D�×�¹ª��Ö�P¥�¥�������4���$��¤������¦�����D���������������4��ª²���M�2���M�����v�2���§��· ¢�2�5c2���D������v�2���=ª¢���+���2������¤�������£2��£2�����³±®�����¯¥��4������¥����§Hª°���������®�¹ª��×ª�����ð7�¬��¤������¯���2�=���2�D�����������������¡��¤�����²��±"�����v��������0 ¢�2�°�³±������v���������¶ª������ ���v�������§=�����������D�¢���2¥�� �µª�����ð=§�£��������+���2�¢ª¢������������4�ª°�����ë���2�$�������+ª¢���×��£�îv¥������7���³±Ô�v�4���D�� ¸2£��×�������×�����4£����?�$§"£������2�¡�����H§"��± ������������  ¢�2��v�����D��£"���×ª¢����¥��4������¥����§B���ÔÙ�ì�àH�v���������D����¥M�v�����£������2�H¥�±"�����¨§��������dU����v�2�����=¥��4������¥����§Ö���¥������������Y�4�2§����2��§����"���2��ª������¯¸2£���ð4�§�¤«��� ���¥��	�2����� ���¨§	�D�������§	���×���2�¯§�����ðv£2�P��������£�îv¥������7�ª¢������� �¨��§M¸Y�����	¥��4������¥�����§M¤����J���¨���³±"�������
À�Á+ÂCÃ¯ÂCÃ Ä+Å²Æ}ÇçÈ�É�Ê¬ËmÅ¢Ê0egfóÊ¬Å²È7h+Ð�É:i´Å²ÈkjÖÒ�Ì�i´Ó�e=Ñ¬Ò�Ó�Ï
 ¢���	â�áó��¤°��������¤������;�¶�������4£��4�"¤;�����;���������������Y����¥����������	���¨§®���4���¢�v�4���D��£"����ª��������v�����£"���§&��������kc2����§B���B���¥��B�����v�2�����2�H�P¥�¥��������4�Öª°����� ���Öâ�á��F�v�������v§"����������Y�§©���������	������¥������4����¥��§"���¨�?�����v���P�¯��¤ K âU7�FÚ�lVmS�� ¢����â�á��F������£2����Û�å�UO¥�� '.æ �Jª������×��£�������������¥�����³±®�2������������è��§���©�&�����v�Y��������£"���¦��¤=Ù�ì.n�áJ�� ¢�2�O��¥�¥�£�����¥�±Öª²���MÙ®å�U ¥�� '�æ ¤����×���2�M�v�4�D��¤«���#oP£����P����±£����§×�����2�4�¬��¤¶à?é2Üà4à�å�U	¥�� '�æ ���2§�p�å�U×¥�� '.æ ¤����°���2�+�������4�¬àé"Ù�à�à�å1U�¥�� '.æ ��U7���¨�?������������§����2���¯ª¢�����v����§��=¤«���S���¥��®���£��4�v£��2�������¯���2��¥��4������¥����§¡���v�4£��7���Jª¢�����v�����¬��£�î�¥������P��òC�M��£2¥��M¥�������� �v�����£"�����v���P����ª������¯���4§"�¯��¤������µ¸�£2��ð7���2�ç��¤0���¨§"���7��§�£2���������v���������q �����Hª²�?�����¯�����v�������J¤«���¯¥��2���v��¥���0���2���³±"�����+ª¢�����¬����ð���®�?�¯�v�4�P������±	���P�������4�����+§�£"�����2�§7��±¬�Y�������7§��¶���2§=�v������¤«���@o7£����P���³±S§�£��������Jª¢���¶�Y�������7§��´¤«����� ª²�?������¥��4������¥����§S¸P±¯���2�¢���Y��¥�����������������£2�4�������J§�����¥�����¸Y��§M���RU"��¥��������$Ø"� ÙP�² ¢�2�¬�����v�2�����²ª¢�����¯¥��4������¥����§$���2�������³±¦�?¤«�����J�������4��D�������v�=ÛrLts ß�àv�v�×�����v����¥���£¨§"�S¸Y�����¦ª¢���+���2§$§"��±M§����Y�������������O��¤¶���2�¬������¥��§����2�v�Y�������7§�� ¢���°ª�����ð7�³±v����¸2�³�)ª¢����ð7��±ç¸2£���ð=�����v����������¤����"���4£��4��¤������;�"���³���������Y����¥����������+���¨§��������2�v�4���D��£����ª������H�D�������§ë���Ô�����H§2����ðÖ£2�P����� �����v�2�����2�©�P¥�¥�£������§��ó ¢�"���4£2����¤������¯���2§Ô���³�������M�Y����¥��4������������v�2�����Jª������v����ª¢��±��µ¥��4������¥����§O�4�$���2�S�����v�=§2��±H���µ�������Hª²�?�����¯�����v���������uU"�����0�v�4���D��£���������v�2�����´ª¢�����¢����ð���=�������0¤«���#oP£2���7���³±P���2�����������³±ç�?¤«�����������4£��4�ç�v�����D��£����¢�2�4§=¸Y�����ç��97������¥����§Û)��¸Y�4£��¯Ü�� ìç�«���òC�M��§2§"�����������7�¹ª��ç�����ª²�?����� �����v��������ª¢�����µ¥��4������¥����§×����v+��¥����ç¸Y���+ÜÝ�Ý4àç���¨§kw4£2�³±HÜÝ�Ý"Ü�?�xNµ�����4§"�4���.O+�?��¸Y�4£��×���©���2��¸2���$���2�O§"���������v���¨�?�������ë��¤¬�����O¥��4�P������¸2£��������ë��¤S�������³�����v�¥����v�Y�4�����P���.���µ���2��¥������v��¥���"¥����v�Y�4���³�����4�ç��¤¨�������"¤;�����;�� ¢�2�²â�á¡��¤Y�����ª¢��������ª²���¶�v�����£"���§
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P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

0.020.020.020.020.050.050.020.050.300.000.050.050.050.050.050.05Detection limit

Seawater
0.030.110.020.020.050.100.390.052754140202100.263921356408108208.3460850Natadola

Bulk precipitation, excluding cyclone events
0.020.160.020.020.050.050.020.150.563.271.200.270.090.060.280.615.626Tulasewa
0.020.560.020.020.050.050.020.240.731.021.520.340.090.060.130.805.508Korokula
0.020.320.020.030.030.070.020.110.800.971.610.220.080.060.120.875.499Koromani
0.030.150.030.050.060.090.030.180.875.831.230.280.100.070.150.615.677Oleolega

Pre-cyclone bulk precipitation
0.020.130.020.020.050.050.020.170.575.711.330.270.120.060.320.665.578Tulasewa
0.020.340.020.020.050.050.020.100.681.181.550.250.090.070.110.855.428Korokula
0.020.220.020.030.030.080.020.090.631.001.620.150.090.070.100.995.509Koromani
0.030.120.050.070.070.100.090.140.709.841.180.230.110.070.120.635.857Oleolega

Cyclone precipitation
Not availableTulasewa

0.020.130.020.020.050.050.010.064.570.6129.160.120.672.020.6515.955.19100Korokula
0.020.120.020.020.020.050.010.095.830.0035.740.130.812.441.1719.455.43120Koromani
0.020.210.020.020.020.100.010.203.070.0021.830.190.541.510.6512.104.9576Oleolega

Post-cyclone bulk precipitation
0.020.170.020.030.060.050.020.130.540.881.080.260.060.060.240.565.675Tulasewa
0.020.670.020.020.050.050.020.460.810.751.460.480.090.060.150.705.648Korokula
0.020.370.020.020.030.050.020.141.040.931.590.320.070.050.140.715.478Koromani
0.030.160.020.020.060.090.030.161.111.051.240.340.080.060.180.585.458Oleolega

Marine component of bulk precipitation excluding cyclones [%]
000000002901000251369106Tulasewa
0000000028110003316224102Korokula
000000002811000391722898Koromani
0000000019010002411917107Oleolega

Marine component of cyclone precipitation [%]
Not availableTulasewa

000000608733100084979198Korokula
00000014083>33100086986298Koromani
0000003097>33100078976897Oleolega

Fe-T: Total Fe; N-T: Total N; P-T: Total P
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WMX�YZY�[T\�]T^7W`_Z^ba7\"cHXdX2a Û edfJe YZ]4^bXd\=g9hji�kbX â�á ]�l+m=[�_Z^nW�[�o)Xdm e ]4YZYZX e o)X2aUaPpJm)_q^Pr'cHXdm)_Z]�aP\MW`_.o)kJs
]TpPo edfJe YZ]4^bXd\�aPX e m)X2[T\"X�a<W`_.o)k<o)kbX`\to)]�m)uv\"_ è Xw[T\M\"kP]2W`^n_Z^ K _Zr4pJm)X Ü�ß h Ü h â�á syx4[�YqpPX�\Mr�m)X2[�o)X9m
o)kb[T^ Üàçå�Uze u � æ W�Xdm)X{^b]�ow]T|b\"Xdm)x}X�aUW`kbX�^~m=[�_Z^Pl [�YZY�X �Je X�X2aJX2a ßì�é)pà u<u~h â�á syx4[�YZpbX�\�]Tl
m=[�_q^Jl [�YqY � e ]TYZYqX e o)X2a~_Z^ e YZX2[T^ e ]4^Bo=[T_Z^bX9m)\ Û ^P]<aJm f aPX�cH]T\"_.o)_q]T^Hg`aPpJm)_q^Pr�Yq[�m)rTX�\to)]�m)u<\�_Z^ N [4aJ_
m=[�^br4X�an|HXdo�W�X�Xd^ Ù o)] ß¯å�U7e u � æ h U p e knYZ]2W â�á s�xT[TYZpPX�\�_Z^nm=[�_q^Jl [�YqYHWMXdm)X'[TYZ\"]�]4|b\"X9m)x}X2a7| fS [�Yqu<X9m ÛDÜ�Ý4Ý�ß g�_q^z[ e [�o e kPu<X�^Bo`\to)p�a f _Z^ U [T|b[Tk+� S [�Y�[ f \"_q[Jhm o�o)kbX�kbX�_Zr4kBoM]Tl edfJe YZ]4^bX U _Z^�['Yq[�m)rTX
[�u<]4pb^Bo)\�]Tl+\"X2[{\"cJm=[ f W�Xdm)X e [�m"m)_ZX2a7_Z^bYq[T^ba�h�i�kP_Z\
m)X�\"pPY.o)X2a�_Z^�u7[ � ]Tm�_Z^ e m)X2[�\"X�\D_Z^�o)kPX e ]4^ e X�^Bo"m=[�o)_Z]4^P\D]�l N [J� � � S rP� á [�� á Y�[T^ba U2ô Q _Z^
m=[�_q^�W�[�o)X9m e ]4YZYZX e o)X2a�[�l�o)Xdmno)kbX e9fPe Yq]T^bX�X�x4X�^Bo2�`[T\7\"kb]2W`^�_Z^�i�[T|bYZX Ü�ß h ß h�i�kbX�kP_qrTkbX�\toe ]T^ e Xd^�o"m=[�o)_Z]4^b\�W�Xdm)X{lF]Tpb^�a�[�o � ]�m)] ð pbYq[�lF]�m)X�\to
W`kb_ e k~W�[�\
YZ] e [�o)X2a�[�o
[7aP_Z\to=[T^ e X�]�ljYqXd\"\
o)kb[T^ ÙOð u�l�m)]4u�o)kPX e ]}[�\to2h O Xdm)X~o)kbX â�á ]Tl
m=[�_q^�W�[�o)Xdmn_Z^ e m)X2[T\"X2a�l�m)]4u�[�WMX�_Zr4kBo)X2a
[2x}Xdm=[�r4X<]�l `	å�U�e u � æ lF]Tm{cHXdm)_Z]�aJ\�W`_.o)kP]4pPo edfJe YZ]T^bX�\'o)] ÜÙ�àMå�U�e u � æ [�l�o)Xdm�o)kbX<X�x}Xd^�o2h
i�kPX�aPXdcH]4\"_.o)_Z]4^{]TlP\"X2[�\"cJm=[ f aPpPm)_Z^Pr`o)kPX�Xdx}X�^Bo�aJX e m)X2[�\"X2a�W`_.o)k�o)kbX�aP_Z\to=[T^ e X�l�m)]4u�o)kbX e ]}[�\to
[�^�a â�á syxT[TYZpbXd\M]Tl Üà�à¬å�U�e u � æ [�^�a Þ�Ø¯å�U�e u � æ W�Xdm)X�]4|P\"Xdm)x}X2a�l�]Tm�m=[�_q^<W�[�o)Xdm e ]4YZYZX e o)X2a
[�o�o)kbX � ]Tm)]Tu7[T^b_�[T^�a ô YZX�]4YZX�r4[�\"_.o)X�\���m)X�\"cHX e o)_Zx}X�Y f h � X e [TpP\"Xzo)kbX7lFpP^b^PX�Y�]Tl�o)kbXnr}[�pbr4X
[�o'o)kbX<i�pPYq[T\"XdW�[zlF]Tm)Xd\toD\"_.o)XDW�[T\{|bYZ]2W`^�[�W�[ f aPpPm)_Z^PrUo)kbX edfJe YZ]4^bXD^b]z\)[�u<cbYZX�\ e ]TpbYqa�|HXe ]TYZYqX e o)X2a�h O ]2WMX�x}Xdm2� â�á u<X2[�\"pPm)X�u<Xd^�o)\`]�l�o)kJm)]4pbrTkPlF[TYZY�[�l�o)Xdm
o)kPX e9fPe Yq]T^bX Û,U X e o)_q]T^ Üß h p g
\"pPr4r4Xd\to)X2a�o)kb[�o�o)kbX â�á ]�lMm=[�_q^�W�[�o)Xdm�[�o�i�pPY�[�\"XdW�[nuDpP\towkb[�x4X�|HX�Xd^ e ]4^b\"_qaJXdm=[T|PY f YZ]2W�X9m
o)kb[T^�o)kb]T\"XDu<X2[�\"pPm)X2a�[�o � ]Tm)] ð pPY�[n]Tm � ]�m)]4u7[�^b_ h N ]n\"p e k�_Z^ e m)X2[�\"X�\�_Z^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\
WMXdm)X']4|P\"Xdm)x}X2aUl�]Tm`m=[T_Z^Jl [TYZY�[�\"\"] e _q[�o)X2a~W`_.o)kzo)kPX
c�[�\"\)[Tr4X{]Tl edfJe YZ]4^bX q [TX'_Z^ S [�m e k�� Ü�Ý4Ý�à �
aJpPm)_Z^br$W`kP_ e k�W`_Z^ba�\"cHX�X2aJ\n_Z^ UB� Ú _.o)_ � X�x�p�WMXdm)X�uDp e k�YZ]2W�XdmUo)k�[T^�o)kb]T\"X�]4|b\"X9m)x}X2a
aJpPm)_Z^br edfJe YZ]4^bX U _Z^�[ Û,U X e o)_Z]4^ Ù h p h p g9h

i�kPXD] e X�[T^b_ e�e ]4^Bo"m)_Z|bpPo)_Z]T^b\w]�lM_Z]T^b\
_Z^�m=[T_Z^�W�[�o)X9m2�+X � cJm)X�\"\"X2a�[T\'[<cHXdm e X�^Bo=[Tr4X�]Tljo)kbX
o)]�o=[TY �H[�m)X{\"kP]2W`^�i�[T|PYqX Ü�ß h ß [T\`W�X�YZY h á [�Y e pbYq[�o)_Z]4^�]�l�X �Je X�\"\ e ]4^ e X�^Bo"m=[�o)_Z]4^P\�l�]Tm�cPm)Xds�[�^�a
cH]T\to"s e9fPe Yq]T^bXzm=[�_Z^�W�[�o)Xdmn\"kb]2W�X2a�o)k�[�o N [�[�^�a S r�]Tm)_Zr4_Z^b[�o)X2a�l�m)]4u�u7[�m)_.o)_Zu<Xz\"]TpPm e Xd\
X �Je YZpP\"_qx4X�Y f h S X2[T\"pJm)X2a S r e ]4^ e X�^Bo"m=[�o)_Z]4^P\�WMXdm)X�YZ]2W�X9mwo)k�[�^~X � cHX e o)X�a��HX�\"cHX e _q[TYZY f [�o�o)kbXe ]4[T\to=[�Y�\to=[�o)_Z]4^P\�l�]TmMW`kP_ e k�xT[TYZpPX�\�pPcDo)] Ü?Þ�Ù]� W�Xdm)X e [�Y e pbYq[�o)X�a�h O ]2W�Xdx}Xdm2� e ]4^ e X�^Bo"m=[�o)_Z]4^P\
]�l S r�WMXdm)X e YZ]4\"X`o)]
o)kbX�aPX9o)X e o)_Z]4^<YZ_Zu<_.o2�B[T^baDo)kbX`[Ta � pP\to)u<X�^Boj_q^ e ]4^ e X�^Bo"m=[�o)_Z]4^<^PX e X�\"\)[�m f
o)]�]T|Po=[T_Z^�[ Üà�àA� u7[�m)_.o)_Zu<X<]Tm)_Zr4_Z^�W�[�\�W`_.o)kb_Z^�o)kbX<m=[�^br4X7]�l�o)kPX7u7[ � _ZuDpbu�[T^�[�Y f o)_ e [�Y
Xdm"m)]�m�rT_qx4X�^�_Z^�i�[T|PYqX Üß h Ù h m \{\"p e k�_.o e [�^�|HXn\)[�lFX�Y f [�\"\"pbu<X2a$o)kb[�oD[TYZY S r�_Z^�m=[T_Z^PlF[TYZY
W�[T\�aJXdm)_Zx}X2a�l�m)]4u�] e X2[�^b_ e \"]4pPm e X�\�h á [J� U�ô Q [�^�a � ]�m)_qrT_Z^�[�o)X�a�cb[�m"o)Y f l�m)]4u�u7[�m)_.o)_Zu<X
[�^�a�c�[�m"o)Y f l�m)]4u�o)Xdm"m)X�\to"m)_q[�Y�\"]TpPm e X�\��MW`kbXdm)X2[�\�o)kbXU]To)kbX9m e ]4^P\to)_Zo)pPX�^Bo)\<]Tm)_Zr4_Z^b[�o)X2a�l�m)]4u
o)Xdm"m)Xd\to"m)_�[�Y�\"]4pJm e X�\{X �Je YZpb\"_Zx}X�Y f hzi�kbX e ]T^Bo"m)_q|PpPo)_Z]4^$]Tl e [�o)_q]T^b\{o)]zo)kbX7i v8U aPX e m)X�[T\"X2a�_Z^
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o)kbXwl�]4YZYZ]2W`_q^PrU]�m=aPXdm N [ sºNPO Q sº��s�S r s á [ s�U _ hMi�kPXdm)Xdl�]Tm)X�o)kbX'[TabaP_.o)_Z]4^z]Tl NPO Q
[T^ba � l�m)]4u�o)Xdm"m)X�\to"m)_q[TYJ\"]4pJm e X�\�_Z^�m=[�_q^�W�[�o)Xdm e k�[T^Pr4X2a'o)kbX e [�o)_Z]T^b_ e \"X o pbX�^ e X�[�\ e ]Tu<c�[�m)X�a
o)]no)kb[�o'_Z^�\"X2[�W�[�o)Xdm2h v pb\to
cb[�m"o)_ e YZX�\'lF]�m)u�o)kbX{u7[T_Z^�o)Xdm"m)X�\to"m)_q[TY�\"]TpPm e X�]�l U _�_q]T^b\�[�^�a�[
r4]B]�a e ]Tm"m)X�Yq[�o)_q]T^zW`_.o)k e ]T^ e Xd^�o"m=[�o)_Z]4^b\�]�l � ]�m á [�\"kb]TpbYqa7|HX
]4|P\"Xdm)x}X2a7_.l�o)kbXd\"X
k�[Tan|HX�Xd^
aPXdm)_Zx}X�a�l�m)]Tu�o)kPX�aJ_Z\"\"]4YZpPo)_Z]4^7]�l�\"p e k�cb[�m"o)_ e YZX�\�h O ]2WMX�x}Xdm2� m \"\"X�^�|HXdm)r ÛDÜÝ�Ý4ß g�]4|P\"Xdm)x}X2a�^P]e ]Tm"m)XdY�[�o)_Z]4^~|HXdo�W�X�Xd^ U _�[�^�a � ]�m á [D_Z^Um=[�_q^UW�[�o)X9m e ]4YZYZX e o)X2a~_Z^no)kbX ô YZX�]TYZX�r}[ e [�o e kPu<X�^Bo
[T^baU\"pbrTr4X�\to)X�azo)k�[�o`|P_Z]4YZ]4rT_ e [TY�\"]4pJm e X�\�u7[ f k�[2x}X
cJm)]�x�_qaPX�aUo)kbX
X �Pe X�\"\ e ]4^ e X�^Bo"m=[�o)_Z]4^P\�]�l
o)kbX�\"X e ]T^b\to)_.o)pbX�^Bo)\�h�i�kPX�_Zu<cH]�m"o=[T^ e X�]�l NPO Q _Z^�o)kbX e [�o)_q]T^b_ e \"X o pPX�^ e X�[TYZ\"]ncH]4_Z^Bo)\wo)]n[
|b_Z]4YZ]Tr4_ e [TY�\"]4pPm e X4h

m \w[�m)X�\"pbY.o
]�l�o)kbX{Y�[�m)r4X e ]4^Bo"m)_Z|bpJo)_q]T^b\�]Tlj\"X2[7\"cPm=[ f _Z^ edfJe YZ]4^PX{m=[�_q^�W�[�o)Xdm�o)kbX{u7[�m"s
_.o)_qu<X e ]T^Bo"m)_q|PpPo)_Z]4^P\w]�l á [�� � � U2ôVQ � O+á²ô õ [�^�a L�ôVQ _Z^ e m)X�[T\"X2a e ]4^P\"_qaPXdm=[�|bY f�e ]Tu<c�[�m)X�a
o)]�o)kb]4\"XU_Z^�cJm)Xds'[�^�a�cH]4\to"s edfJe YZ]T^bXUm=[�_Z^Pl [�YZY�h�\"_Zu<_ZYq[�m)Y f ��o)kbX7m)X�Yq[�o)_Zx}XU_qu<cH]�m"o=[T^ e XU]�l�o)kPXe [�o)_Z]T^b\�aJX e m)X2[�\"X2aU_Z^7o)kbX�]Tm=aPX9m N [ s|S r s�� säá [ s�N�O Q s|U _�m)Xd\"X�uD|PYq_Z^Pr�u<]�m)X�o)kb[�o
]4|P\"Xdm)x}X2an_q^z\"X2[�W�[�o)X9m2h

m o)u<]4\"cPkbXdm)_ e _Z^bcPpPo)\�]Tlj^�pPo"m)_ZX�^Bo)\waJpPm)_Z^br�o)kPX�\to)p�a f cHXdm)_Z]�a~W�Xdm)X e [TY e pPYq[�o)X2a�| f u�pbY.s
o)_ZcbY f _q^Pr�o)kbX{_Z]4^b_ e{e ]4^ e X�^Bo"m=[�o)_Z]T^b\
_Z^~m=[T_Z^�W�[�o)Xdm
W`_.o)k�o)kbX e ]�m"m)X�\"cH]4^baP_Z^br7m=[T_Z^PlF[TYZY�o)]To=[�YZ\�hU X�cb[�m=[�o)X
X�\to)_Zu7[�o)X�\�WMXdm)X']4|Jo=[T_Z^bX2anlF]Tm�_Z^bcPpPo)\`aJpPm)_Z^br{o)kbX
cJm)Xds�[T^�ancH]4\to"s edfJe YZ]4^PX'cHXdm)_Z]�aP\
[T\�WMX�YZYb[�\�lF]Tmj_Z^bcPpPo)\�| f'e9fPe Yq]T^bX U _Z^�[Jh�i�kbXMm)X�\"pPY.o)\�[�m)X�\"kP]�W`^�_Z^�i�[�|bYZX Üß h p h m \�_Z^baP_ e [�o)X�a
X2[�m)YZ_ZXdm2�j_.l`o)kbX e ]T^ e X�^Bo"m=[�o)_q]T^�]Tl�[ e ]4^P\to)_.o)pbX�^Bo�aJm)]TcbcHX2a�|HX�YZ]2W o)kPX7aPXdo)X e o)_Z]4^�YZ_Zu<_Zo2��o)kPX
Yq[�o"o)Xdm`W�[�\�pP\"X2az_Z^zo)kPX e [TY e pPY�[�o)_Z]4^b\w[T^baz[ e o)p�[TY+_Z^bcbpJo)\ e ]4pPY�ano)kbXdm)Xdl�]Tm)X�|HX Û uDp e k�g�YZ]2W�Xdm
o)k�[�^zo)kbX'xT[TYZpbXd\�cJm)X�\"X�^Bo)X2az_Z^�i�[T|bYZX Üß h p h m ^P^�p�[TY�_Z^bcPpPo)\�lF]�mwu<]T\to e ]4^P\to)_Zo)pPX�^Bo)\���X �Je XdcPoN [�� á Y�� U�ô Q [T^ba O¯á²ô+õ WMXdm)XDx4Xdm f YZ]2W e ]4u<cb[�m)X2a~o)]nu7[T^ f ]�o)kbXdm�o"m)]4cP_ e [TY�YZ] e [�o)_Z]4^P\�[T\
m)X�x�_ZXdW�X2a�| fY� m)pb_ � ^ è X�X�Y ÛDÜÝX`4Ý [�� ÜÝ�Ý"Ü g9h ò ^�lF[ e o2��_Z^bcbpJo)\
W�Xdm)X7[�\�Yq]2Wv[T\'o)kP]4\"X�]T|b\"Xdm)x}X�a
| fCL [�m ð Xdm ÛDÜ�Ý]`ì g<[T|H]�x}X�^�[�o)pPm=[�Y�m=[�_q^�lF]Tm)Xd\toU_Z^ á ]T\to=[ q _ e [Jh ò ]T^b_ e�e ]4^ e X�^Bo"m=[�o)_Z]T^b\7_Z^
cPm)Xds�[T^�a�cH]4\to"s edfJe YZ]T^bX�m=[�_Z^�W�[�o)Xdm'WMXdm)X�lF[T_.m)Y f \"_Zu<_ZYq[�m{[�^�a�aP_ ñ Xdm)X�^ e X�\
_Z^ e ]Tm"m)X�\"cH]T^�aJ_q^Pr
[�o)u<]T\"cbkbX9m)_ e _q^PcbpJo)\`WMXdm)X'u7[T_Z^PY f aJpbXwo)]<aJ_ ñ Xdm)X�^ e X�\�_Z^nm=[T_Z^PlF[TYZY�o)]To=[�YZ\�h�i�kPX'Y�[�m)r4X�_Z^bcPpPo)\
]Tl O¯á²ô+õ l�]Tm`o)kbX�cPm)Xds edfJe YZ]4^PX
cHXdm)_Z]�aU_Z^zi�pbYq[T\"X9W�[�[�^�a ô YZX�]TYZX�r}[�WMXdm)X�[�o"o"m)_Z|PpPo)X2a<o)] e ]T^Ps
o=[Tu<_Z^�[�o)_Z]4^7]Tl+\"]4u<X�]Tl�o)kbX�\)[Tu<cPYqXd\�[T^ba<o)kPX�cH]T\to"s edfJe YZ]4^bX�x4[�YZpbX�\jW�Xdm)X�o)kbXdm)Xdl�]Tm)X�o)kb]4pPr4kBo
o)]�|HXwu<]Tm)X�m)X�[TYZ_Z\to)_ e h m o)u<]4\"cPkbXdm)_ e ^JpJo"m)_ZX�^Bo�_Z^bcPpPo)\�xT[�m)_ZX2a7m)X�Yq[�o)_Zx}X�Y f YZ_Zo"o)YZX
|HX9o�W�XdX�^z\"_.o)X�\
[T^banX�\to)_Zu7[�o)X�\�lF]Tm`o)kPX'[2x}Xdm=[TrTX'_Z^bcbpJo)\`[�o N [T|H]4pU\to=[�o)_Z]4^UlF]Tm f X�[�m)\�W`_.o)k~[T^banW`_.o)kb]TpPo edf se YZ]4^PX�\�W�Xdm)XMu7[4aPX�| f'e ]4u�|b_Z^b_Z^Pr�o)kPX�[2x}Xdm=[�r4X�[�^b^�p�[�Y}m=[T_Z^PlF[TYZYPl�]Tm N [�|H]4p Û,U X e o)_q]T^ Ø h ß g�[T^ba
m)X�\"cHX e o)_Zx}X`u<X2[�^DW�Xd_qrTkBo)X2a7[�x4Xdm=[TrTX e ]4^ e X�^Bo"m=[�o)_Z]4^P\M]Tl�o)kPX�|PpbY ð cPm)X e _ZcP_Zo=[�o)_Z]4^<lF]�m�[TYZY�\"_.o)X�\�hL ]4\to"s edfJe YZ]4^PX{ab[�o=[<]T^bY f WMXdm)X�pP\"X2azlF]�mwo)kPX e [TY e pbYq[�o)_q]T^�]�l�[T^b^�pb[TY�[�o)u<]4\"cPkbXdm)_ e _Z^bcbpJo)\�]�lO¯á²ô+õ h

m \{\"kb]2W`^�_Z^�i�[T|PYZX Ü�ß h p _Z^PcbpPo)\{]Tl N [J� á Y�[�^�a S r�| f$edfJe YZ]T^bX U _Z^�[~X �Je XdX2aPX2a$o)kPX
X�\to)_Zu7[�o)X2a<[�^b^�p�[�YH_Z^bcbpJo)\jl�]Tm f X2[�m)\MW`_.o)kP]4pPo edfJe YZ]4^PX�\�| f o�W�]'o)]{o)kJm)X�X`o)_qu<Xd\��}W`kbXdm)X�[T\ edf se YZ]4^PX
_Z^bcbpJo)\�]Tl � � á [D[T^�a U2ô Q WMXdm)X
X o pb[TYHo)]�]Tm`\"YZ_Zr4kBo)Y f Yq]2WMXdm`o)k�[T^7o)kbX e ]Tm"m)X�\"cH]T^�aJ_q^Pr
[T^P^Jpb[TYj_Z^bcbpJo)\�h ò ^bcbpJo)\']Tl e ]T^b\to)_.o)pbX�^Bo)\{\"pbcPcbYZ_ZX2a$| f o)X9m"m)X�\to"m)_q[TY�\"]TpPm e X�\�aPpJm)_Z^br edfJe YZ]T^bXU _Z^�[<W�X9m)XDYZ]2W e ]4u<cb[�m)X2a�o)]no)kPX�_.m�[T^P^�p�[TY�_Z^PcbpPo)\��+[�YZo)kP]4pPr4k�o)kbXDYq[�o"o)Xdm e ]TpbYqa�kb[�x4X�|HX�Xd^
\"Xdm)_Z]4pP\"Y f ]�x}Xdm)X�\to)_Zu7[�o)X�a�h`i�kPX{cJm)X�\"X�^Bowab[�o=[�\"kP]2W�o)kb[�o edfJe YZ]4^bXd\�u7[ fUe ]4^Bo"m)_Z|bpJo)X{\"_ZrT^b_ c se [T^Bo�[Tu<]Tpb^Bo)\�]Tl�^�pJo"m)_qXd^�o)\ Û=¡#^ ¢)^�� � S rBg�o)]�o)kbX'X e ]4\ f \to)X�u~hMi�kbXdm)X9lF]Tm)XT�HX�\to)_Zu7[�o)X�\�]Tl�o)kPX
[T^P^Jpb[TY+[�o)u<]T\"cbkbX9m)_ e _Z^bcPpPo)\`]Tl�^�pJo"m)_qXd^�o)\�l�]Tm f X2[�m)\`W`_.o)k�u7[ � ]Tm edfJe YZ]4^bX�X�x4X�^Bo)\`WMXdm)X{[TYZ\"]e [TY e pPYq[�o)X2a Û i�[T|bYZX Ü�ß h p g9h
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P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaRainLocation

Pre-cyclone atmospheric input
<0.42.2<0.3<0.3<0.8<0.9<0.4<2.9<9.897.922.8<4.5<2.1<1.0<5.511.31710Tulasewa
<0.35.1<0.3<0.3<0.8<0.7<0.3<1.5<10.117.623.23.7<1.3<1.0<1.712.81497Korokula
<0.43.7<0.3<0.4<0.5<1.3<0.3<1.5<10.416.627.02.5<1.4<1.1<1.616.51661Koromani
<0.41.9<0.7<1.2<1.0<1.5<1.4<2.1<10.7152.018.2<3.6<1.7<1.1<1.89.71545Oleolega

Cyclone input 
Not available238Tulasewa

<0.00.2<0.0<0.00.1<0.1<0.00.18.21.152.20.21.23.61.228.6179Korokula
<0.00.2<0.0<0.0<0.0<0.1<0.00.211.40.069.70.21.64.72.337.9195Koromani
<0.00.5<0.0<0.0<0.0<0.20.00.57.30.052.10.51.33.61.628.9239Oleolega

Post-cyclone atmospheric input
<0.42.9<0.3<0.4<1.0<0.9<0.4<2.2<9.315.018.44.4<1.0<1.0<4.29.51706Tulasewa
<0.27.5<0.2<0.3<0.6<0.6<0.35.2<9.28.416.55.51.0<0.6<1.77.91128Korokula
<0.24.2<0.2<0.3<0.3<0.6<0.31.6<11.910.718.23.7<0.8<0.6<1.68.11150Koromani
<0.4<2.0<0.2<0.2<0.8<1.1<0.4<2.0<13.813.015.44.2<1.0<0.7<2.27.31241Oleolega

Annual atmospheric input for years without cyclones
<0.4<5.1<0.4<0.5<0.8<1.1<0.4<2.9<12.515.323.5<4.7<1.5<1.1<2.912.31695Average

0.11.20.10.10.20.30.10.73.03.75.71.10.40.30.72.9408SD

Annual atmospheric input for years with cyclones
<0.4<4.7<0.4<0.5<0.8<1.1<0.4<2.9<19.913.778.6<4.4<2.7<4.9<4.242.51695Average

0.11.10.10.10.20.30.10.74.83.318.91.10.61.21.010.2408SD
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Ì ]T^ e ]4^ e X�^Bo"m=[�o)_Z]T^b\j_q^�m=[T_Z^7aJm)]Tcb\�kb_.o"o)_Z^brwo)kPX�lF]�m)X�\to e [T^b]Tc f rTX�^bXdm=[�YZY f _q^ e m)X2[�\"X�aJpbX�o)]wo)kPX
aP_Z\"\"]4YZpJo)_q]T^�]Tl�aJm f aPXdcH]4\"_.o)_Z]4^�cPm)XdxJ_Z]Tpb\"Y f _Z^Bo)Xdm e XdcPo)X2a~| f o)kbX e [�^b]Tc f h�ÍJpP|b\"X o pbXd^�o`Xdx4[�cPs
]Tm=[�o)_q]T^�l�m)]4uÎo)kbX'WMXdo e [�^b]Tc f$Ï ÍJX e o)_q]T^�ÐJh p g e [TpP\"X�\
[�^�[4abaJ_.o)_q]T^�[�Y�_Z^ e m)X2[�\"XDcJm)]4cH]Tm"o)_Z]T^�[TY
o)]Uo)kPX�[Tu<]Tpb^Bo']�l�W�[�o)Xdm�X�xT[TcH]Tm=[�o)X2a�h<ÑbpPm"o)kPXdm)u<]Tm)X4��YZX2[ e kP_q^Prz]�l�^�pPo"m)_ZX�^Bo)\wl�m)]Tu�o)kbX{lF]Ts
YZ_�[�r4X�[T^ba�|Pm=[�^ e kbX�\�] e�e pJm)\M[�^�a�o)kP_Z\jYZX2[TaP\�o)]'_Z^ e m)X2[�\"X�\M_Z^Do)kPX e ]4^ e X�^Bo"m=[�o)_Z]T^b\j]TlHm)X�Yq[�o)_Zx}XdY f
u<]4|P_qYZX{_Z]4^b\ Ï c�[�m"o)_ e pPYq[�m)Y fR� g9��[T^ba~o)]z[7YZX�\"\"Xdm'X � o)X�^Bow]Tl�_q]T^b\
_Zu<u<]T|b_ZYZ_q\"X�a�_Z^�\to"m)p e o)pJm=[TY
o)_Z\"\"pbX Ï=¡2Ò ¢BÒ+Ó [}g Ï�Ô [�m)Õ4Xdm2��Ö�×4ØTÙ}g9h Ì ]4^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\'_q^�m=[T_Z^�a�m)]4cP\
l [TYZYZ_Z^br~o)kJm)]4pbrTk�o)kPXe [T^P]4c f W`_.o)kb]4pJow\to"m)_ZÕ�_Z^br�_.o Ï l�m)X�X
o)kJm)]4pPr4kPlF[TYZY�g�aJ]�^b]�o e k�[�^brTX�[T^�ano)kbX e ]T^ e X�^Bo"m=[�o)_q]T^b\�_Z^
o)kbX7|bpPYZÕ�o)kPm)]TpbrTkPl [�YZY�u<X�[T\"pPm)X�a�[�oDo)kPXnl�]Tm)X�\toDÚ�]B]TmDo)kbXdm)Xdl�]Tm)XzaPX�cHX�^ba�]4^�o)kbX e ]TYqYZX e o)X2a
cPm)]TcH]Tm"o)_Z]4^P\w]Tl e m)]2W`^baJm)_Zc�[T^�azl�m)X�X�o)kJm)]4pPr4kPlF[TYZY h
i�kP_Z\wo)X�^�aJ\�o)]7_Z^ e m)X2[T\"X�o)kbX{\"u7[TYZY.sy\ e [TYZX
\"c�[�o)_�[�Y�xT[�m)_q[�o)_Z]4^�]Tl`o)kPX e kbXdu<_ e [TY e ]Tu<cH]4\"_.o)_Z]4^�]Tl`o)kJm)]4pbrTkPlF[TYZY`[T\ e ]4u<cb[�m)X2a$o)]�o)k�[�oD]�l
m=[T_Z^PlF[TYZY Ï!� _Zu<u<_Z^b\��HÖ�×4Ø4Û4g9hm \']T|b\"Xdm)x4X2a�l�]Tm�m=[T_Z^Jl [TYZYM[Tu<]4pP^Bo)\
]Tl`i v Í�_Z^�o)kJm)]4pPr4kPlF[TYZY Ï m)X�cPm)X�\"Xd^�o)X�a�| f o)kbXDÜ Ó g
aPX e m)X2[T\"X2a�W`_.o)k�o)kPXz\to)]Tm)uÝ\"_qÞdX�aPpPXUo)]�aP_ZYZpPo)_Z]4^�[T\<\"kb]2W`^�_Z^�Ñ�_Zr4pJm)X$Ö2Ù�h ß m l�]Tm7_Z^�o)kPX� ]Tm)]TÕJpPYq[wlF]Tm)Xd\to�cbYZ]�o2hjÍJ_Zu<_ZYq[�m�c�[�o"o)X9m)^b\�W�Xdm)X`]4|P\"Xdm)x}X2aD[�ojo)kbX`]To)kPXdmM\"_.o)X�\�h m ^�_Zu<cPm)X�\"\"_Z]T^
]Tl�o)kbX�u7[�r4^b_.o)pbaPX�]Tl�o)kPX�\"cb[�o)_q[TY'xT[�m)_q[�o)_q]T^à_q^�_Z]T^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\z_Z^�o)kPm)]Tpbr4kJl [�YqY
W�[T\
]4|Jo=[T_Z^bX2a<l�m)]Tu?[T^U[T^b[TY f \"_Z\�]Tl�Ü Ó u<X2[�\"pPm)X�u<X�^Bo)\�]Tl�o)kPX�o)kJm)]4pbrTkPlF[TYZY e ]4YZYZX e o)X2an| f X2[ e kU]�l
o)kbX
ßTá�r4[TpPr4X�\�h�Ñ�_Zr4pJm)X�Ö2ÙJh ß � \"kb]2W`\�o)kbXw\to=[�^�aP[�m=anaPX�x�_q[�o)_Z]4^P\�]Tl�o)kPX
Ü Ó [Tr4[T_Z^b\to�[2x}Xdm=[�r4X
Ü Ó lF]�m'|H]To)k�cJm)Xds�[�^�a�cH]4\to"s edf YZ]4^PX{o)kJm)]4pbrTkPlF[TYZY�ab[�o=[7_Z^ � ]�m)]4Õ�pbYq[<lF]Tm)Xd\to2h'i�kbX{\to=[T^bab[�m=a
aPX�x�_q[�o)_Z]T^b\���o=[TÕ}X�^�o)]7m)X�cPm)X�\"Xd^�o'o)kPXD\"cb[�o)_q[TY�xT[�m)_q[�o)_Z]4^���\"kP]�WMX2a�[UYZ_Z^bX2[�m e ]Tm"m)X�Yq[�o)_q]T^�W`_.o)k
Ü Ó ��\"pbrTr4X�\to)_Z^br�o)kb[�o{o)kbX<\"c�[�o)_q[TY�xT[�m)_q[�o)_Z]T^�_q^�o)kPm)]4pPr4kJl [TYZY e ]4u<cH]4\"_.o)_Z]4^�aJX e m)X2[�\"X2a�W`_.o)k
\to)]Tm)uÎ\"_ZÞ�X Ï aP_ZYZpPo)_Z]4^�X9â�X e o9g9h�i�kPX�\"Yq]TcHX�]Tl�o)kbX
m)X�r�m)X�\"\"_Z]4^�YZ_Z^bX'o)kPm)]Tpbr4kUo)kbX�cH]4\to"s edfJe YZ]4^PX
ab[�o=[J�}kP]2W�X�x}X9m2�}W�[�\�YZ]2W�Xdm�o)k�[�^Do)k�[�o�]�lHo)kbX�YZ_Z^bX�o)kPm)]TpbrTkDo)kbX�cJm)Xds edfJe YZ]4^bX`aP[�o=[w\"pPr4rTX�\to)_Z^br
o)k�[�oMo)kbX�\"c�[�o)_q[TY�x4[�m)_q[�o)_Z]4^nk�[TanaJX e m)X2[�\"X2az[�\�['m)X�\"pbY.o�]�l edfJe YZ]T^bX
aP[Tu7[�r4X Ï Ñ�_ZrTpPm)X�Ö�ÙJh ß � g9h

� Xd_qrTkBo)X2a~[2x}Xdm=[�r4X�x4[�YZpbX�\`]TljÜ Ó ��cPãä[T^baz_Z]4^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\�]�l�o)kbX
o)kPm)]TpbrTkPl [�YZY e ]TYZs
YZX e o)X2a�_Z^�o)kPX~i�pPY�[�\"XdW�[�� � ]Tm)]TÕ�pbYq[�[�^�a � ]Tm)]Tu7[T^b_�l�]Tm)X�\toncPYq]�o)\���[�^�a�o)k�[�o<]Tlw\to)X�u�Ú�]2We ]4YZYZX e o)X�a�_Z^�o)kbX�i�pbYq[�\"XdW�[�lF]Tm)Xd\to�cbYZ]To~[�m)X$cJm)X�\"X�^Bo)X2a�_Z^�i�[T|bYZX�Ö2Ù�h åBhçæM[�YqpPX�\Ul�]Tm~o)kPXedfJe YZ]4^PX~X�x}X�^Bo7[�m)X~|�[�\"X2a�]T^�\"_Z^brTYZX�\)[Tu<cbYZX�\�h Ô m)Xds edfJe YZ]T^bXzo)kJm)]4pbrTkPlF[TYZY�\)[�u<cbYZX�\<_Z^�o)kPX� ]Tm)]Tu7[T^b_Hl�]Tm)X�\to�cbYZ]To`WMXdm)X e ]4YZYZX e o)X2a�aJpPm)_Z^br�o)kbX'a�m f \"X�[T\"]4^�]T^bY f [T^�anu7[ f o)kPXdm)Xdl�]Tm)X�|HX
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»B½�Â�Ày¸B½ Ä�¸B½1ÄdÁ�½�¾�·9»�¾�Ày¸�½�¿»Å%ÀBÆà¼ Ç6È É�¸)º�¾�@�·9¸�¹�Æ4@�º�»B¼ ¼�»B½�Âà¿2¾tÁ<À
ò
¸'Ê Ä�¸B¼ ¼�Á@Ä�¾tÁ�Â�À ½�¾�@�Á
ÔH¹H¼�»}¿�Á/Ê�»)×MR~¸B·9¸4SB¹H¼�»�»�½�ÂnR~¸�·9¸)À�»B½+À�º�¸B·9Á�¿2¾�Ë�¼�¸B¾�¿�Ã

P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

Pre-cyclone throughfall
0.030.220.020.020.020.260.060.170.902.452.340.270.180.181.101.035.6814Tulasewa
0.030.390.020.020.060.190.020.151.183.434.020.240.270.391.082.125.6822Korokula
0.030.290.020.020.030.230.070.061.054.862.890.170.250.261.341.625.4819Koromani

Cyclone throughfall
0.020.020.030.020.020.170.010.122.030.6112.90.060.400.881.006.805.4548Tulasewa
0.020.020.080.020.030.100.010.3117.72.42124.60.123.208.553.7156.75.33384Korokula
0.020.040.020.020.020.100.010.063.680.6119.80.080.851.391.3011.15.5476Koromani*

Post-cyclone throughfall
0.030.100.020.020.050.150.050.140.601.611.510.160.130.130.910.775.7610Tulasewa
0.020.110.020.020.070.110.020.110.980.943.300.120.220.220.641.755.5416Korokula
0.020.140.020.020.020.100.030.091.242.592.670.080.210.190.761.425.6515Koromani

Stemflow, excluding cyclone events
0.080.240.030.040.080.110.060.123.140.305.180.360.320.431.792.814.3836Tulasewa

Cyclone stemflow
0.100.180.230.110.030.190.190.1816.10.00102.70.543.806.705.9045.74.00360Tulasewa

Fe-T: Total Fe; N-T: Total N; P-T: Total P
*: Underestimated due to errors in bulking

YZX�\"\jm)X�cPm)X�\"Xd^�o=[�o)_Zx}X4h�ó�YZo)kP]4pPr4k�o)kbX e ]4^ e X�^Bo"m=[�o)_Z]4^P\M_Z^�o)kPm)]Tpbr4kJl [�YqYPW�Xdm)X�kb_Zr4kPXdmjo)k�[T^�o)kP]4\"X
_Z^zm=[�_q^Jl [�YqY �Hu<]T\to e ]4^P\to)_.o)pbX�^Bo)\�m)X�u7[T_Z^PX2a e YZ]T\"X�o)]�o)kbX'aJXdo)X e o)_Z]4^zYq_Zu<_.o2�P_qu<cPY f _Z^Pr�o)k�[�o�o)kbX
Xdm"m)]�m)\`_q^Uo)kbX
cJm)X�\"X�^Bo)X2aUxT[TYZpPX�\`u7[ f \to)_ZYZY+|HX e ]4^b\"_qaJXdm=[T|PYqXTh

i�kPXU_Z^ e m)X2[T\"XU_Z^�u<X2[T^�Ü Ó ]�l�o)kJm)]4pPr4kPlF[TYZY e ]Tu<c�[�m)X2a$o)]�o)kbX e ]Tm"m)Xd\"cH]4^�aJ_Z^br�m=[T_Z^PlF[TYZYe ]TpbYqa�|HX�[�o"o"m)_q|PpPo)X2a�u7[�_q^PY f o)]n_q^ e m)X2[�\"X�\'_Z^�o)kPX e ]4^ e X�^Bo"m=[�o)_Z]4^P\
]TlMô
[J� � � Ó Y�[�^�a�Íbõ
ö�h
i�kPX�Ü Ó aJX e m)X2[�\"X2a�[�r}[T_Z^DW`_.o)kDaP_Z\to=[T^ e XMl�m)]Tu÷o)kbX�] e X2[T^�� e ]�m"m)X�\"cH]4^baP_Z^br�W`_Zo)kDaPX e m)X2[T\"X�\�_Z^
o)kPX e ]T^ e X�^Bo"m=[�o)_q]T^b\�]�l e ]T^b\to)_.o)pbXd^�o)\�]Tl�u7[�m)_.o)_qu<Xj]Tm)_ZrT_q^�hji�kb_Z\�o"m)X�^ba'W�[T\�u<]�m)XMcPm)]T^b]Tpb^ e X2a
_Z^zo)kJm)]4pbrTkPlF[TYZY+o)kb[T^Uo)kb[�o�_Z^zm=[T_Z^Jl [TYZY�cJm)X�\"pbu7[�|bY f |HX e [�pb\"X']Tl�o)kPX'u<]Tm)X
X9ø e _ZX�^Bo`o"m=[TcbcP_Z^br
]�lH\"X2[w\"cJm=[ f | f o)kbX�lF]Tm)Xd\to e [T^b]Tc f [�\ e ]4u<cb[�m)X2a�o)]�o)kPXMm=[T_Z^�r4[TpbrTX4h�i�kPX�cbã�]Tl�o)kJm)]4pbrTkPlF[TYZY
W�[T\�\"_qu<_ZYq[�m`o)]Do)kb[�o`]�l�o)kbX e ]�m"m)X�\"cH]4^baP_Z^br�m=[T_Z^PlF[TYZY h

i�kPX~kb_ZrTkbXdm<_Z]T^ e ]T^ e X�^Bo"m=[�o)_q]T^b\<_Z^�o)kPm)]4pPr4kJl [TYZY e ]TpbYqa�|HXUX � cbYq[T_Z^PX2a�]T^bY f c�[�m"o)Y f | f
X�xT[TcH]�m=[�o)_Z]4^�YZ]T\"\"X�\�l�m)]4uùo)kbX�WMXdo e [T^P]4c f h � X2[ e kb_Z^Pr�]Tl`_Z]4^P\{l�m)]4uùo)kbX e [�^b]Tc f ��_Z^ e ]4u�s
|P_q^b[�o)_Z]4^~W`_.o)k~o)kPX'kb_Zr4kPXdm�o"m=[�cbcP_q^Pr�Xdø e _qXd^ edf [TY.m)X2[4a f m)Xdl�Xdm"m)X2azo)] e ]T^b\to)_.o)pPo)X�[�cPYq[Tpb\"_Z|PYqX
X � cPY�[�^�[�o)_q]T^nl�]Tm�o)kPX�X �Pe X�\"\ e ]T^ e Xd^�o"m=[�o)_Z]4^b\�h�i�kP_q\�W�[T\M\"pbcbcH]�m"o)X2a<| f o)kbX`l [ e o�o)kb[�o�^P]To�[TYZYe ]T^b\to)_.o)pbXd^�o)\�\"kP]2W�X2aD\"_Zu<_ZYq[�m�_Z^ e m)X2[�\"X�\j_q^ e ]4^ e X�^Bo"m=[�o)_Z]T^b\j[�l�o)Xdm e ]Tm"m)X e o)_Z]T^�lF]TmjX�xT[TcH]�m=[�o)_Zx}X
YZ]4\"\"Xd\ Ï i�[T|PYZXnÖ�ÙJh Ð}g9hwi�kbX�]4^PY f~e ]T^b\to)_.o)pbX�^Bo�\"kb]2W`_Z^brnx}Xdm f YZ_Zo"o)YZX{x4[�m)_q[�o)_Z]4^�_Z^~o)kbX�\"X�m=[�o)_Z]T\
|HXdo�W�X�Xd^~\"_.o)X�\
aJpPm)_Z^br�|H]�o)k~cPm)X9s�[�^�azcH]T\to"s e9fPe Yq]T^bX'cHXdm)_Z]�aJ\�W�[T\'ÍPõ
öTh�ú�[�o)_Z]T\�]�l�Ö4h áDW�Xdm)X
l�]4pb^baUlF]�m�o)kPX'cH]4\to"s edfJe YZ]4^PX'cHXdm)_Z]�a��b\"pbr4rTX�\to)_Z^br<o)k�[�o`YZX2[ e kb_Z^br�l�m)]4u?o)kbX e [T^b]Tc fze ]TpbYqaz|HXe ]T^b\"_qaPX9m)X2a~^bX�rTYZ_qrT_Z|bYZX4h�ã�X�^ e X{ÍPõ ö u7[ f |HX e ]T^b\"_qaPX9m)X2aUo)]<|HX�[ e ]T^b\"Xdm)xT[�o)_Zx}X e ]T^b\to)_.o)pbXd^�o
[�^�a�o)kbX�]T|b\"Xdm)x}X�a�_Z^ e m)X2[T\"X�\�_Z^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\{]�l`ÍPõ
öD_Z^$cPm)X9s e9fPe Yq]T^bX{o)kPm)]4pPr4kJl [TYZY e ]4u�s
cb[�m)X2a�o)]�o)kb]4\"X�_Z^ e ]�m"m)X�\"cH]4^baP_Z^br�m=[�_Z^Pl [�YZY
u7[ f |HX�[�o"o"m)_Z|bpJo)X2a�o)]$o)kPX�kb_Zr4kPXdm7o"m=[TcbcP_Z^br
Xdø e _ZX�^ edf ]�l+o)kPX�l�]Tm)X�\to e [�^b]Tc f�e ]4u<cb[�m)X2a�o)]�o)kbX�m=[�_Z^Ur4[TpbrTX Ïyû _ZYZYqX9m ¡9ü�ý4þqÒ ��Ö2×4ÛTÐJÿ Ô [�m)Õ}X9m2�
Ö�×4Ø4Ù4g9h�i�kbX�m=[�o)_Z]4\�]Tl�Íbõ ö e ]4^ e X�^Bo"m=[�o)_Z]T^b\�_Z^7o)kPm)]4pPr4kJl [TYZY�[T^ba�m=[T_Z^PlF[TYZY+\"pPr4rTX�\to)X2a<o)k�[�o�o)kbX
[ e o)p�[�Y�[�o)u<]T\"cbkPXdm)_ e ^�pJo"m)_qXd^�o�_Z^PcbpPo)\'o)]~o)kPX�lF]Tm)Xd\to<aPpJm)_Z^brzo)kPX<cPm)Xds edfJe YZ]4^PX<cHXdm)_Z]�a$W�Xdm)X
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P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaECLocation

Pre-cyclone period
1.11.50.80.80.44.32.40.81.30.41.50.81.22.42.81.31.5Tulasewa
1.21.00.80.80.93.21.01.21.52.42.20.82.54.97.92.12.3Korokula
1.31.10.80.70.82.52.90.61.44.01.50.92.43.111.21.41.8Koromani

Cyclone Sina
Not availableTulasewa

0.80.13.30.80.51.70.83.93.23.33.50.84.03.54.72.93.2Korokula
Not availableKoromani

Post-cyclone period
0.90.50.90.60.72.61.91.01.01.61.20.52.01.93.21.21.8Tulasewa
0.90.10.90.81.21.90.90.21.01.11.90.22.23.33.62.11.7Korokula
0.90.30.90.60.71.70.90.61.02.41.40.22.52.94.61.71.5Koromani

ÙJÖ�� � å � kb_ZrTkbXdm�o)kb[T^<o)kb]T\"Xw|b[T\"X2a<]4^7m=[T_Z^nr}[�pbr4X�\)[Tu<cPYq_Z^PrD[�^�a<r4_Zx}X�^n_Z^ni�[T|PYqX{Ö2Ù�h � h�i�kPX
kb_Zr4kUm=[�o)_Z]n[T\"\"] e _q[�o)X�a�W`_.o)k~o)kPX edfJe YZ]4^bX�X�x4X�^Bow[�o � ]Tm)]4Õ�pPY�[�_Z^baP_ e [�o)X�azo)k�[�o`o)kPX'_q^Bo)Xdm e X�cPs
o)_Z]4^�]Tl`\"X�[�\"cJm=[ f | f o)kPX�lF]�m)X�\toDW�[T\�o)kJm)X�X<o)_Zu<X�\�Yq[�m)r4Xdm�o)k�[T^�o)k�[�o e [�pbr4kBo�| f o)kPX�m=[T_Z^
r}[�pbr4XTh�i�kbX9m)XdlF]�m)X{o)kPX�[�o)u<]4\"cPkbXdm)_ e _Z^bcPpPo)\�aPpJm)_Z^br edfJe YZ]T^bX�ÍJ_Z^�[��H[�\�rT_qx4X�^~_Z^�i�[�|bYZX<Ö2ÙJh � �
W�Xdm)X'\"X9m)_q]Tpb\"Y f pb^�aJXdm)X�\to)_Zu7[�o)X�a�h

ó�r4[T_Z^7[T\"\"pPu<_Z^brwo)kb[�oMÍbõ ö |HX�kb[2x}X2a e ]T^b\"Xdm)xT[�o)_Zx}XdY f �4YZX2[ e kb_Z^br']�l�_Z]4^b\�l�m)]Tuäo)kbX e [�^b]4c f
] e�e pJm"m)X2an_.l�o)kPX�_.m�m=[�o)_Z]T\�X �Pe X�X2aPX�a7o)kb[�o�lF]�m�Íbõ
ö Ï i�[T|PYqX�Ö2ÙJh Ð4g9h Ì ^no)kP_q\�W�[ f YqX�[ e kb_Z^br�]Tl � �û r{[T^�anÍ�_bW�[�\�]4|P\"Xdm)x}X2a7[�o�[TYZYH\"_.o)X�\��P[TY.o)kb]TpbrTkn^P]ToMX�x}Xdm f W`kbX9m)Xw[�oMo)kbX�\)[Tu<X`m=[�o)XT�JaPpPm)_Z^Pr
|H]To)k�o)kbX�cPm)Xds`[�^�a�cH]4\to"s edfJe YZ]4^PX�cHXdm)_Z]�aP\�h � X�[ e kb_Z^brU]Tl � [TYZ\"]~\"X�X�u<X�a�o)]n_Z^ e m)X2[�\"X�W`_.o)k
lF]�m)X�\to�[TrTX4�PW`kPXdm)X2[�\�o)kbXw]TcbcH]T\"_Zo)X�W�[T\`]T|b\"Xdm)x}X�a7l�]Tm�ÍJ_ h � X2[ e kb_Z^br�]Tl û r�W�[�\�cPm)]T^b]4pP^ e X�a
u<]4\to'_Z^�o)kbX � ]Tm)]4Õ�pPY�[7lF]�m)X�\to�cbYZ]To2h�ãw]2WMX�x}Xdm2��o)kbX�kb_Zr4k�m=[�o)_Z]Ul�]4pb^ba�l�]Tm � _Z^ � ]Tm)]4u7[�^b_
lF]�m)X�\to{u7[ f m)X9Ú�X e o{aJ_.â�Xdm)X�^ e X�\'_Z^�o)kbXDcHXdm)_Z]�aP\�]TlM\)[Tu<cbYZ_Z^brUlF]Tm'o)kJm)]4pPr4kPlF[TYZY Ï a�m f \"X2[T\"]T^Hg
[T^ba�m=[�_Z^Pl [�YZY Ï a�m f [T^ba�WMXdo<\"X2[�\"]4^�g9h�õ�o)kPXdm"W`_Z\"X4��|H]�o)k�cPm)Xds�[�^�a�cH]4\to"s edfJe YZ]4^PXzYZX2[ e kP_q^Pr
m=[�o)X�\�WMXdm)X
l [�_.m)Y f \"_Zu<_qYq[�m`_q^Uo)kbX � ]�m)]4Õ�pbYq[�[�^�a � ]Tm)]4u7[�^b_HlF]�m)X�\to�cbYZ]To)\�h�i�kPX�ab[�o=[�lF]�m�o)kPX
i�pbYq[�\"XdW�[�lF]�m)X�\to
cPYZ]To�_Z^�aP_ e [�o)X2azo)k�[�o Ó [�kb[4az^P]To�|HX�X�^~YZX2[ e kPX2azl�m)]Tuço)kPX e [T^P]4c f aPpPm)_Z^Pr
o)kbXUcPm)Xds edfJe YZ]4^PXzcHXdm)_Z]�a���W`kbXdm)X�[T\<o)kbXUYqX�[ e kb_Z^br$m=[�o)XzW�[�\7\"_qu<_ZYq[�m<o)]�o)kb]T\"X~]4|P\"Xdm)x}X2a�[�o
o)kbX']�o)kbXdm�\"_.o)X�\
aJpPm)_Z^br�o)kbX'cH]4\to"s edfJe YZ]T^bX�cHXdm)_Z]�a�h � X2[ e kb_Z^Pr<]Tl�ô
[<[�^�a Ó Y�W�[�\wkb_ZrTkbX�\to�_Z^� ]Tm)]TÕJpPYq[{lF]�m)X�\tow[T^�an] e�e pJm"m)X2a~[�o�u�p e knYZ]2W�X9m�m=[�o)X�\`_q^zi�pbYq[�\"XdW�[<[�^�a � ]�m)]4u7[T^P_HlF]Tm)Xd\to)\�hÔ õ ö W�[T\{YqX�[ e kbX2a�l�m)]Tuùo)kbX e [�^b]4c f _q^�i�pbYq[T\"X9W�[�[T^�a � ]Tm)]4u7[�^b_jlF]Tm)Xd\to)\���|PpPo'l�]Tm�\"]Tu<X
pb^PÕJ^P]2W`^nm)X2[�\"]4^ Ï |P_q]TYZ]4r4_ e [�Y�[ e o)_qx�_.o f�� g�^P]To`_Z^ � ]Tm)]TÕ�pbYq[�lF]�m)X�\to2h

Ó ]4^ e X�^Bo"m=[�o)_Z]T^b\D]�l`ô'õ��T� Ô õ
ö4��ó�Y ��o)]To=[�Y�ÑbX4� û ^�[T^�a�o)]To=[TY Ô _Z^�|H]To)k$m=[�_Z^Pl [�YZY�[T^ba
o)kPm)]Tpbr4kJl [�YqY+W�Xdm)X{l�m)X��BpbXd^�o)Y f |HX�YZ]�W�o)kbX�aPXdo)X e o)_Z]4^�YZ_qu<_.o)\�[T^ba�o)kPX�_.m�m=[�o)_Z]4\
u7[ f o)kPXdm)Xdl�]Tm)X
^b]�o'[ ede pPm=[�o)X�Y f m)XdÚ�X e owo)kbX�[ e o)p�[TY�X�^Jm)_ e kPu<X�^Bo)\�_Z^�o)kPm)]Tpbr4kJl [�YqY h Ó ]T^ e X�^Bo"m=[�o)_q]T^b\']�lMô�ã ö �
[T^ba7] ede [T\"_Z]4^b[TYZY f ô
õ � �J_Z^no)kJm)]4pbrTkPlF[TYZYHW�Xdm)X�Yq]2WMXdm�o)k�[�^no)kP]4\"Xw_Z^7m=[T_Z^PlF[TYZY+[�l�o)X9m e ]Tm"m)X e o)_q]T^
lF]�m<X�xT[TcH]Tm=[�o)_Zx}XzYZ]4\"\"Xd\�h�ã�]�WMX�x}Xdm2��_.o<_Z\�pb^PYZ_qÕ4X�Y f o)k�[�o<ôwãwön]�m<ô'õ��7W�Xdm)Xno=[TÕ}X�^�pbc�| f
o)kbX e [T^P]4c f h{i�kbX9m)XdlF]�m)X4��o)kPXDu<X2[�\"pPm)X2a e ]T^ e X�^Bo"m=[�o)_q]T^b\
WMXdm)X�X�_.o)kbX9m
o)]B]zkP_qrTk�_Z^�m=[T_Z^PlF[TYZY �
]Tm e ]4^ e X�^Bo"m=[�o)_Z]4^P\�WMXdm)Xnm)X�aPp e X2a�_Z^�o)kJm)]4pPr4kPlF[TYZY`[T\D[~m)X�\"pbY.o�]�lw|P_Z]4YZ]4rT_ e [TY�[ e o)_Zx�_.o f�Ï=¡2Ò ¢BÒ
pbcJo=[TÕ}X<| f [TYZr}[�X�g�_Z^�o)kbX<o)kPm)]TpbrTkPl [�YZY�r}[TpPr4X�\ Ïr� m)pb_ � ^bÞ�X�XdY���Ö2×TØ4ÙT[Jÿ�ú�_qabaPX9m ¡9ü'ý4þqÒ ��Ö2×TØ}åTg9h
i�kbX�pb\"Xw]�l�o)kPX e ]�m"m)X�\"cH]4^baP_Z^br{m=[�o)_Z]�l�]Tm�o)]�o=[TY�ôàu7[ f o)kbXdm)Xdl�]Tm)X
|HX�u<]Tm)Xw[ e�e pJm=[�o)X�lF]Tm�o)kPX
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aJXdo)Xdm)u<_Z^�[�o)_q]T^�]Tl�YZX2[ e kb_Z^PrPh Ô m)Xds
[T^�a�cH]T\to"s edfJe YZ]4^bXnc�[�o"o)Xdm)^b\{lF]�mDo)kbX7Yq[�o"o)X9mDW�X9m)X	�Bpb_.o)X
aJ_Zâ�X9m)X�^Bo Ï i�[�|bYZX<Ö2Ù�h Ð4gw[T^ba~\"pbrTr4X�\to)X2a�YZ_.o"o)YZX�YZX2[ e kP_q^Pr7|HXdlF]�m)X{o)kPX e9fPe Yq]T^bX�[T^ba~_q^baPX�X�az^bXdo
[�|b\"]Tm)cJo)_Z]4^~]�l�ô÷[�l�o)Xdm`o)kbX'X�x4X�^Bo2h

óàm)X2aPp e o)_Z]4^n_Z^Uo)kbXwYqX�[�l�[�m)X2[�\"pJm"l [ e X Ï ÍJX e o)_Z]T^�Ö4ÖTh ÙJh Ð}g`[T\`[�m)X�\"pbY.o`]Tl edfJe YZ]4^bX
ab[Tu7[�r4X
_Z\�YZ_qÕ4X�Y f o)]zm)X�aPp e X�o)kbX<[�u<]4pb^Bo�]�l`aJm f aPXdcH]4\"_.o)_Z]4^�_Z^Bo)Xdm e X�cJo)X2a�| f o)kbX e [�^b]Tc f [�^�a�W`_ZYZY
_Z^ e m)X2[T\"X�o)kbX{[Tu<]Tpb^Bo�]Tl�l�m)X�X�o)kPm)]TpbrTkPl [�YZY�hwi�kb_Z\�W�]4pPYqa�m)Xd\"pbY.ow_Z^�YZ]2W�XdmwX�x4[�cH]Tm=[�o)_q]T^�l�m)]4u
o)kPXDlF]�m)X�\to e [T^b]Tc f aJpPm)_Z^brUm=[T_Z^PlF[TYZY Ï Í�X e o)_Z]4^�Ð�h � g�[T^�a�[TYZ\"]~m)X2aJp e X�o)kPX<[Tu<]Tpb^Bo�]Tl�^�pJo"m)_Zs
X�^Bo)\`W�[�\"kbX2a�l�m)]Tuço)kPX e [T^b]Tc f hwi�kPXdm)Xdl�]Tm)X e ]4^ e X�^Bo"m=[�o)_Z]4^P\
_Z^�o)kJm)]4pPr4kPlF[TYZY e ]TYZYqX e o)X2a�[�l�o)X9medfJe YZ]T^bX�Í�_q^b[{WMXdm)X
X � cHX e o)X�a7o)]�|HX
YZ]�WMXdm`o)k�[�^no)kP]4\"X
]T|b\"Xdm)x}X�aU|HXdl�]Tm)Xwo)kPXwo)X�u<cH]Tm=[�m f aPXds
l�]4YZ_q[�o)_Z]4^�h�Í�p e k�YZ]2W�Xdm e ]4^ e X�^Bo"m=[�o)_Z]T^b\�WMXdm)X`_Z^�aPXdX2aD]4|P\"Xdm)x}X2aDl�]Tm e ]4^P\to)_.o)pbX�^Bo)\j]Tl�u7[�m)_.o)_Zu<X
]�m)_qrT_Z^�[T\"\"] e _q[�o)X2azW`_.o)k�aJm f aJX�cH]4\"_.o)_Z]4^ Ï=¡�
�Ò ¢BÒ ôw[J� Ó Y�g`[�\�W�X�YZY+[T\�lF]�m e ]4^b\to)_.o)pPX�^Bo)\�\"pb| � X e o
o)]�YZX2[ e kP_Z^br Ï=¡2Ò ¢BÒ�� �HÍ�_��Jo)]To=[�Y+ô
g9h

ÍBo)X�u�Ú�]2W�m)X�u7[T_Z^b\M_q^ e ]T^Bo=[ e o�W`_.o)k7o)kbX e [T^P]4c f [T^ban\to)XduvlF]�m`[�Yq]T^brTXdm`cHXdm)_Z]�an]�l�o)_Zu<X
o)kb[T^ e m)]�W`^baJm)_Zc�[�^�a$_Z]4^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\�\"kb]4pPYqa e ]4^P\"X��BpbX�^Bo)Y f |HX<kb_Zr4kPXdm{_Z^$o)kbXDl�]Tm)u<XdmÏ�Ô [�m)Õ}Xdm2��Ö2×TØ4Ù4g9h�Í�o)Xdu�Ú�]2W W�[T\Du<X2[T\"pJm)X2a�_Z^�i�pbYq[T\"X9W�[�lF]Tm)Xd\to<]4^PY f [T^ba�m)X e ]Tm=aJ\D|HX�r4[T^
\"kP]Tm"o)Y f |HXdl�]Tm)X<o)kbX7cb[T\"\)[TrTXU]�l edfJe YZ]4^PXzÍ�_Z^�[Jh�ó�\�\"p e k$o)kbX7cJm)Xds
[�^�a$cH]T\to"s edfJe YZ]4^bXnaP[�o=[
WMXdm)X�cH]B]4YZX2a�h Ì ]T^ e ]T^ e X�^Bo"m=[�o)_q]T^b\�_Z^~\to)X�u�Ú�]2W�WMXdm)X�_q^baPX�X�az\"pb|P\to=[T^Bo)_q[TYZY f kP_qrTkbXdm�o)k�[�^z_Z^
o)kJm)]4pbrTkPlF[TYZY�W`_.o)k�o)kbX'X �Je X�cJo)_Z]4^�]Tljã Ó õ�� Ï W`kP_ e k�aPX e m)X2[T\"X�a�[T\
[�m)X�\"pPY.ow]�ljo)kPX�Yq]2W�cbã'g9�
ô
õ � �PÍJ_�[�^�a<o)]To=[TY�ô Ï i�[�|bYZXDÖ2Ù�h å4g9h�i�kbX�Yq]2WMXdm e ]4^ e X�^Bo"m=[�o)_Z]T^z]Tl�ÍJ_H_Z^n\to)X�u�Ú�]2W�_Z^baP_ e [�o)Xd\
o)kb[�o�o)kb_Z\�_Z]4^�u7[ f |HX<YZX2[ e kbX2a�l�m)]4uùo)kPX�lF]4YZ_q[TrTXnm=[�o)kbXdm{o)k�[�^�l�m)]4uùW�]B]�a f�e ]Tu<cH]4^bXd^�o)\�hÓ ]T^ e X�^Bo"m=[�o)_q]T^b\�_Z^�\to)X�u�Úb]2W e ]TYZYqX e o)X2a�[�l�o)X9m edfJe YZ]4^PX~Í�_q^b[�[Tr4[T_Z^�m)X9Ú�X e o)X�a$o)kbXnXdâ�X e o�]Tl
_Z^Bo)Xdm e X�cJo)_Z]4^~]�l�\"X2[�\"cPm=[ f | f o)kbX
x}Xdr4Xdo=[�o)_q]T^ Ï i�[�|bYZX�Ö2Ù�h åTg9h

i�kPXjo)]�o=[TYB[�u<]4pP^�o)\�]TlJ^�pPo"m)_ZX�^Bo)\�m)X2[ e kb_Z^Pr`o)kPX�lF]Tm)Xd\to�Ú�]B]�m�_Z^
o)kPm)]Tpbr4kJl [�YqY�[�^�a
\to)X�u�Úb]2W'�
[�^�azo)kbX e ]T^�o"m)_Z|PpPo)_Z]4^P\�l�m)]4u e [T^b]Tc f W�[�\"k�o)]7o)kPX{o)]�o=[TYZ\
[�m)XDrT_qx4X�^�_Z^�i�[T|bYZX7Ö2Ù�h ÛBh � [�m)r4X
aJ_Zâ�X9m)X�^ e Xd\jWMXdm)X`]4|b\"X9m)x}X2a�|HXdo�W�X�X�^�o)kbX�\"_.o)X�\���|H]To)k�l�]Tmjo)kbX�cJm)Xds�[T^�a�cH]4\to"s edfJe YZ]4^PX�cHX9m)_q]�aJ\�h
i�kPXnYq[�m)r4X�\to�_Z^ e m)X2[�\"X�\�W`_.o)k�m)X�\"cHX e o�o)]~[�o)u<]4\"cPkbXdm)_ e _Z^bcPpPo)\'W�Xdm)X7]T|b\"Xdm)x}X�a�lF]�m � ��[T\�_q\
rTX�^bXdm=[�YZY f m)XdcH]Tm"o)X2aDl�m)]4uvo)kPX`Yq_.o)Xdm=[�o)pPm)X�lF]TmM|H]To)k�o)X�u<cHX9m=[�o)X�[T^�aDo"m)]Tcb_ e [�Y�lF]Tm)Xd\to)\ Ï�Ô [�m)Õ}X9m2�
Ö�×4Ø4Ù�ÿHÑb]�m"o)_�[�^�azô�X2[TY ��Ö2×T×}ß�ÿ � pPm)rTkb]4pJo)\��+Ö�×4×TÙ}g9h

i�kP_Z\ e [�^b]4c f W�[�\"k~m)X�cPm)X�\"Xd^�o)\`o)kbX
o"m=[�^b\tl�Xdmw]�lj^JpJo"m)_ZX�^Bo)\`l�m)]4u?o)kbX e [T^b]Tc f [�^�a~\to)X�u<\
o)]'o)kbX�l�]Tm)X�\to�Úb]B]Tm�[T^�aDW�[T\ e [TY e pPY�[�o)X2a7| f \"pb|P\to"m=[ e o)_Z^Pr{o)kPX�[�o)u<]4\"cPkbXdm)_ e _Z^bcbpJo)\jl�m)]4u o)kbX
o)]�o=[TYZ\�m)X2[ e kP_q^Pr�o)kPXjl�]Tm)X�\to�Ú�]B]Tm�_q^'o)kJm)]4pbrTkPlF[TYZYJ[T^�a
\to)Xdu�Ú�]2W Ï�Ô [�m)Õ}Xdm2��Ö2×TØ4Ù}g9hjÜ�\to)_Zu7[�o)X�\+]Tl
^�pPo"m)_ZX�^Boj_Z^bcPpPo)\jxJ_q[
\to)X�u�Úb]2W�_Z^�o)kbX � ]�m)]4Õ�pbYq['[T^ba � ]Tm)]Tu7[T^b_JlF]�m)X�\to�cbYZ]�o)\jWMXdm)X�]T|Po=[�_q^PX2a
| f u�pbY.o)_ZcbY f _q^Pr{o)kPX�o)]�o=[TYZ\`_Z^no)kJm)]4pbrTkPlF[TYZY�l�]Tm�o)kPX�\"X�l�]Tm)X�\to)\�W`_.o)kUo)kPX�m=[�o)_Z]�]Tl�o)kPXw^�pPo"m)_ZX�^Bo
o)]�o=[TYZ\'_Z^�\to)X�u�Úb]2W�o)]Uo)kP]4\"X�_q^�o)kPm)]TpbrTkPl [�YZYj]T|Po=[�_q^PX2a�lF]Tm'o)kPXDi+pbYq[T\"XdW�[UlF]�m)X�\to�\"_.o)X4h�i�kbXe [�^b]Tc f W�[T\"k�aP[�o=[ e YZX2[�m)Y f \"kb]2WMX2a�W`kb_ e k e ]T^b\to)_.o)pbXd^�o)\�W�Xdm)XnYZX2[ e kbX2a�l�m)]Tu o)kPX e [�^b]Tc f
[�^�anW`kP_ e kzWMXdm)X'^b]�o Ï i�[T|PYqX�Ö�ÙJh Û4g9h

ó�Y.o)kb]4pPr4k�\to)X�u�Ú�]2W [�u<]4pP^�o)X�a�o)]nYZX�\"\'o)k�[�^$ß � ]Tl e ]Tm"m)Xd\"cH]4^�aJ_Z^brUo)kJm)]4pPr4kPlF[TYZY ��m)X�Yq[�s
o)_Zx}X�Y f kb_ZrTk e ]4^ e X�^Bo"m=[�o)_Z]T^b\{]Tl`ô
[�� � � û rP� Ó [~ô�ã ö � Ó Y �jÍbõ ö [�^�a�o)]�o=[TY Ô _Z^$\to)X�u�Úb]�W
m)X�\"pPY.o)X2a<_q^<m)X�Yq[�o)_qx4X e ]T^Bo"m)_q|PpPo)_Z]4^P\M]�l�^�pPo"m)_ZX�^Bo)\j_Z^n\to)Xdu�Ú�]2W�|HX�_Z^Pr{kP_Zr4kbX9mMo)k�[�^�o)k�[�o2h�æM[�YZs
pPX�\'m=[T^brTX2a�l�m)]4u ß � o)]�Ð � ]Tl�o)kPX�o)]To=[TYZ\{_Z^�o)kPm)]TpbrTkPl [�YZY�h�Í�o)X�u�Úb]2Wäm)X2[ e kbX�\'o)kPX�lF]Tm)Xd\to
Úb]B]Tm�_Z^$[�^�[�m)X2[ e YZ]T\"X�o)]Uo)kbX�\to)X�uù[�^�a�o)kbX�\"X�^�pJo"m)_qXd^�o)\�u7[ f o)kbXdm)Xdl�]Tm)X�|HX�_Zu<u<X2aP_q[�o)XdY f
[2xT[T_ZYq[T|bYZX{lF]TmwpbcJo=[TÕ}X�| f o"m)X�X�m)]B]To)\ Ï� �2Ò ãwXdm"W`_.o)Þ4��Ö�×4Ø4Ð4g9h�ÍBo)X�u�Ú�]2W�u7[ f o)kbXdm)X9lF]Tm)X{|HX�[T^
_Zu<cH]Tm"o=[�^Bo`\"]4pPm e X']Tl�^�pPo"m)_ZX�^Bo)\�l�]Tm�o)kbXwo"m)X�XTh

ÄDÅ�Æ��  �¡�Èu¢¤£<¥�¦3§� �©�¢¤«©�®}£#¯�£/©x° ©k²��º£#¯�¯MÈu¸�� È8¸t¥�©x§/¦�¯MÈu®
� _Zo"o)X9mwaJX e ]Tu<cH]4\"_.o)_Z]4^~m=[�o)Xd\w[�^�aUo)kPX'c�[�o"o)X9m)^b\`]Tl�m)X�YZX2[�\"X�]�l�^�pPo"m)_ZX�^Bo)\�l�m)]4uçaJX e ]4u<cH]T\"_Z^br
YZ_.o"o)XdmnW�Xdm)X�aJ_q\ e pb\"\"X2a�X2[�m)YZ_qX9mz_Z^àÍ�X e o)_Z]4^÷Ö2ß�h � h÷iMW�]�cPm)] e X�\"\"X�\zrT]�x}Xdm)^�o)kPXzo"m=[T^P\tlFXdmU]Tl
^�pPo"m)_ZX�^Bo)\{l�m)]4u o)kbXUYq_.o"o)Xdm�Y�[ f X9m�o)]�o)kPXUpP^�aJXdm)Y f _Z^Pr�\"]T_ZY�h�i�kPX��bm)\to�cPm)] e X�\"\D_q\<cPk f \"_ e [�Y �
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ìMí�î�ï�´�µ]¼�½ ³�¶ Íw¿�¾�À!À�»B¾"ÁdÂ$¾"¸B¾"»B¼`»'À~¸�¹H½�¾�¿z¸)ºz½�¹H¾�·2ÀyÁ�½�¾�¿YÅyS<Æ�@�»AÇTÈ@É$À ½�¾ @H·9¸B¹�Æ}@2º�»�¼ ¼�»B½�Â
¿2¾"Á/À
ò'¸)Ê�×z»B¿MÊ�Á�¼ ¼�»B¿�»'À~¸�¹H½�¾�¿FÊ�»B¿=@�Á�Â�º�·9¸'À ¾�@�ÁÄd»�½�¸@Ë�Ã ÅyS<Æ�@�»)Ç6È#É~º�¸�·�A}»�·2Ày¸B¹�¿
Ë�Á�·2Ày¸4Â}¿�Ã~C`¸�·2·9Á2¿*Ë�¸B½�ÂBÀ ½�Æ�¾t¸�¾t»�¼.¿n¸)º<¾�@�·9¸�¹�Æ4@�º�»B¼ ¼`»B½�Â~¿2¾"Á/À
ò'¸)Ê�Å��¸B¾�@�¼�»���Á�¼ ¼�Á�Â�»B¿YÔ1ÌTÉ
»�·9Á0ÆJÀ ABÁ�½zº�¸B·�Ä�¸)ÀuË�»B·2ÀF¿�¸B½�Ã

P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaTFLocation

Totals in pre-cyclone throughfall
<0.53.1<0.3<0.3<0.33.5<0.8<2.3<12.333.531.9<3.7<2.4<2.415.014.01366Tulasewa
<0.89.4<0.2<0.2<0.62.2<0.3<1.7<13.539.145.82.8<3.04.512.324.21138Korokula
<0.43.8<0.3<0.3<0.43.00.9<0.8<14.165.138.72.2<3.3<3.417.921.71341*Koromani

Totals in cyclone throughfall
<0.0<0.00.1<0.0<0.00.4<0.00.24.21.326.90.10.81.82.114.1208Tulasewa
<0.0<0.00.1<0.00.0<0.2<0.00.529.04.0204.30.25.214.06.193.0164Korokula

Not available166*Koromani

Totals in post-cyclone throughfall
<0.4<1.5<0.3<0.3<0.7<2.2<0.8<2.1<8.723.221.72.3<1.9<1.813.111.11439Tulasewa
<0.2<1.1<0.2<0.2<0.7<1.1<0.2<1.19.69.132.21.12.1<2.16.317.1975Korokula
<0.21.3<0.2<0.2<0.2<1.0<0.2<0.911.824.725.50.7<2.0<1.87.213.6956Koromani

Pre-cyclone stemflow
<0.00.1<0.0<0.0<0.0<0.0<0.0<0.00.70.11.20.10.1<0.10.40.623*Tulasewa

Cyclone stemflow
0.00.00.00.00.00.00.00.00.50.03.40.00.10.20.21.53.3*Tulasewa

Post-cyclone Stemflow
<0.00.1<0.0<0.0<0.0<0.0<0.0<0.00.80.11.30.10.1<0.10.40.724.3*Tulasewa

Pre-cyclone canopy wash
0.00.9-0.1-0.1-0.52.70.5-0.53.3-64.110.3-0.80.41.59.93.4Tulasewa
0.1-0.6-0.1-0.1-0.11.5-0.00.24.121.524.3-0.81.83.611.012.5Korokula
0.10.2-0.1-0.1-0.11.80.6-0.64.548.613.2-0.22.02.516.86.2Koromani

Cyclone canopy wash
Not availableTulasewa

-0.0-0.20.1-0.0-0.00.10.00.424.42.9177.90.04.812.15.574.3Korokula
Not availableKoromani

Post-cyclone canopy wash
-0.0-1.4-0.0-0.2-0.31.40.4-0.10.28.34.6-2.01.01.09.32.3Tulasewa
-0.0-6.4-0.0-0.00.10.5-0.0-4.11.30.717.6-4.31.21.64.710.2Korokula
-0.0-2.8-0.0-0.1-0.10.4-0.0-0.71.014.18.8-2.91.21.25.96.3Koromani

*: Estimated using Gash’s analytical model
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ì�íJî�ï�´<µX¼�½ è�¶ Ò0À~¸�¹H½�¾�¿'¸=º�¼ZÀ ¾�¾"Á�·�Ë�Á�·4Ä�¸B¼�»�¾tÁ<»�½�ÂUÀy¸B½.Ä�¸B½�Ä�Á�½�¾�·9»B¾�Ày¸B½�¿3Å%ÀBÆU¼�ÇTÈGÉ7À ½$¼ZÀ ¾�¾"Á�·
Ë�Á�·4Ä�¸B¼�»B¾"Á�º�¸B·~¾�@�Á0Ë�·9Á<Ï�»�½�ÂkË�¸}¿2¾IÏ:Ä<Ã�Ä�¼�¸B½�ÁBË�Á�·2Ày¸4Â}¿MÅ%Ê�Á�À_Æ}@�¾"Á�Â�»BABÁ�·9»<ÆbÁ2¿%É�»B½�Â�º�¸B·~¾�@�Á
Ä/Ã�Ä�¼�¸�½�Á8Ë�Á�·2Ày¸4Â�À ½�¾ @�ÁFÔ�¹H¼�»}¿�Á<Ê�»A×MR~¸�·9¸TS�¹H¼�»�»�½�ÂzR~¸B·9¸'À~»�½�À�º�¸B·dÁ2¿2¾�Ë�¼�¸�¾y¿�Ã

P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

Litter percolate, pre-cyclone
0.040.430.020.020.092.000.090.142.506.665.380.371.501.153.711.835.7837Tulasewa
0.070.600.020.050.061.460.140.523.796.408.240.381.702.232.633.135.7047Korokula
0.030.620.020.040.100.540.100.192.716.663.890.331.441.271.982.635.5435Koromani

Litter percolate, cyclone
0.030.230.090.020.041.400.040.056.598.5438.00.403.603.255.0215.55.87135Tulasewa
0.030.290.610.030.020.620.020.0573.45.49526.10.3823.142.314.1229.05.191570Korokula
0.020.220.440.320.090.250.060.0624.03.66175.80.2110.213.16.6877.95.61570Koromani

Litter percolate, post-cyclone
0.330.480.020.020.062.090.940.382.305.554.240.431.250.706.941.516.0738Tulasewa
0.200.760.020.060.051.550.440.475.2310.013.660.312.152.524.858.045.9974Korokula
0.140.610.040.050.130.690.311.123.778.508.730.232.161.784.664.496.1056Koromani

Fe-T: Total Fe; N-T: Total N; P-T: Total P
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_Z^ e m)X2[�\"X�\w_Z^�ôw[J� Ó Y � û rP� Ó [n[�^�a�ÍPõ ö Ï \"X�[7\"cJm=[ f g�W`kb_ e k�X'&JcbYq[T_Z^PX2azo)kbX�_Z^ e m)X�[T\"X{_q^~o)kPX
Ü Ó x4[�YZpbX�\�]4|b\"X9m)x}X2a7[�o�o)kbX�\"X�\"_Zo)Xd\�hjóàcH]T\"\"_Z|bYZX�m)X2[�\"]4^7lF]�m�o)kbX`Yq[ e Õ<]Tl�YZX2[ e kb_Z^Pr�]�l Ó [{[T^baû rDl�m)]Tu?o)kbX
YZ_.o"o)Xdm�Yq[ f Xdm�_q^Uo)kbX'i�pPYq[T\"XdW�[<l�]Tm)X�\to�cbYZ]�o e ]4pbYqan|HX
o)k�[�o2�Ppb^PYZ_qÕ4X
_Z^zo)kbX
]TYqaPXdm
lF]�m)X�\to)\��Bo)kbX�aPX e ]4u<cH]T\"Xdm e ]Tu<uDpP^b_.o f kb[4a�^b]�o f Xdo�[Tab[�cPo)X2aDo)]�k�[2x�_Z^br
o)]�aJX e ]4u<cH]T\"X�Yq[�m)r4X
[Tu<]Tpb^Bo)\
]TlMcb_Z^bXDYq_.o"o)Xdm2h<ó�\'_Z^�aJ_ e [�o)X2a�X2[�m)YZ_ZXdm2��o)kPX�cPm)X9s e9fPe Yq]T^bX�YZ_.o"o)Xdm�Yq[ f Xdm{[�o{i�pbYq[T\"X9W�[e ]4^P\"_Z\to)X2azcPm)X�aP]4u<_Z^b[T^Bo)Y f ]Tl�u<_Z\"\"_Z]4^~r�m=[T\"\�Yq_.o"o)Xdm2h

Ü�\to)_qu7[�o)X�\j]Tl�o)kbX�_Z^bcPpPo)\�]Tl�^�pPo"m)_ZX�^Bo)\�o)]
o)kbX�u<_Z^PXdm=[TYP\"]4_ZYH[�m)X`cJm)X�\"X�^Bo)X2aD_Z^7i�[�|bYZX'Ö2ÙJh ×�h
i�kbX
x4]4YZpbu<X�\M]Tl�YZ_.o"o)Xdm�cHXdm e ]TYq[�o)X
lF]�m`o)kbXwxT[�m)_Z]Tpb\�cHXdm)_Z]�aP\�WMXdm)X']4|Jo=[T_Z^bX2a7pb\"_Z^PrDo)kbX�u<]�aPX�Y
aPX�\ e m)_q|HX�a�_Z^<Í�X e o)_Z]4^DÐJh � h ß�h +�f \"pP|Po"m=[ e o)_q^Pr�o)kPX�_Z^bcbpJo)\�o)]�o)kPX�\"]4_ZYb_Z^�Yq_.o"o)XdmjcHXdm e ]4Yq[�o)X�l�m)]4u
o)kbX e ]Tm"m)X�\"cH]T^�aJ_q^Pr'_Z^bcbpJo)\�o)]wo)kPX�YZ_Zo"o)X9m�Y�[ f X9m�_Z^{o)kPm)]4pPr4kJl [TYZYP[T^ba�\to)X�u�Úb]�W'�4X�\to)_Zu7[�o)X�\�WMXdm)X
]4|Jo=[T_Z^bX2a�l�]Tm�o)kbX�[Tu<]Tpb^Bo)\M]�l�^�pJo"m)_qXd^�o)\�u<_Z^bXdm=[�Yq_Z\"X2a7_Z^n[T^�a7YZX2[ e kbX�a7l�m)]4uvo)kPX�YZ_.o"o)Xdm�Yq[ f Xdm2h
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ì�íJî�ï�´�µ]¼�½ 5 ¶ Ò0À�¸B¹H½+¾y¿z¸=ºz¼ZÀ ¾�¾"Á�·uË�Á�·4Ä�¸B¼�»�¾tÁdÅ,6 ð ×'À ½»À�À0ÉA×�»}¿�¿�¸XÄ�Ày»B¾"Á�Â�½�¹H¾�·2ÀyÁ�½�¾uÄ�¸B½HÏ
¾tÁ�½�¾�¿ºÅySXÆ�@�»)Ç6È#É�·9Á�»bÄd@HÀ ½�Æä¾�@�Á»ÀUÀ ½�Á�·9»�¼�¿�¸BÀ ¼U»�½�ÂäÁ�¿�¾�À!À�»B¾"ÁdÂ�»)À�¸B¹H½�¾�¿�ÅySXÆ�@�»)Ç6È#É
¼�Á�»�Ä�@�Á�Â�»B¾n¾�@�Á Ô�¹H¼�»}¿�Á<Ê�»A×7Rz¸�·9¸TS�¹H¼�»�»B½�Â�R~¸B·9¸'À~»�½�À`º�¸B·dÁ2¿2¾uË�¼�¸�¾y¿�ÂB¹H·2À ½�Æ�AB»B·2Ày¸�¹�¿
Ë�Á�·2Ày¸4Â}¿�Ã

P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaLPLocation

Totals in pre-cyclone litter percolate
<0.55.2<0.2<0.2<1.024.41.1<1.730.681.565.8<4.618.314.045.322.31223Tulasewa
<0.76.1<0.2<0.5<0.614.8<1.4<5.338.464.983.53.917.222.626.731.81014Korokula
<0.47.3<0.2<0.5<1.26.4<1.2<2.331.978.645.93.916.914.923.331.01179Koromani

Totals in cyclone litter percolate
0.10.50.2<0.00.13.00.1<0.114.218.481.60.97.77.010.833.2215Tulasewa
0.00.40.90.0<0.00.90.00.1110.18.27890.634.663.421.1344150Korokula
0.00.30.70.50.10.40.10.137.55.72740.315.920.410.4122156Koromani

Totals in post-cyclone litter percolate
4.26.2<0.2<0.2<0.827.012.1<4.9<29.671.654.75.616.19.089.519.51290Tulasewa
1.76.5<0.20.5<0.413.23.7<4.044.685.51172.618.421.541.368.6853.2Korokula
1.25.0<0.3<0.4<1.15.6<2.6<9.130.869.571.41.817.714.638.136.7817.3Koromani

Pre-cyclone litter mineralisation
0.12.1-0.0-0.00.820.90.3-0.717.547.932.70.815.811.529.97.7Tulasewa
0.31.6-0.00.3-0.012.61.13.624.125.736.11.014.117.914.06.5Korokula

-0.13.4-0.00.20.83.30.31.417.013.35.71.613.511.34.98.3Koromani

Cyclone litter mineralisation
0.00.40.1-0.00.02.60.1-0.19.417.151.40.76.84.98.517.6Tulasewa
0.00.40.80.0-0.00.80.0-0.477.54.35590.328.547.714.4241Korokula

Not availableKoromani

Post-cyclone litter mineralisation
3.94.6-0.1-0.00.124.711.32.820.248.331.73.214.17.176.07.8Tulasewa
1.55.4-0.00.3-0.312.13.52.934.276.382.51.416.119.334.950.5Korokula
1.03.60.10.30.94.72.38.217.944.744.41.115.612.730.622.3Koromani
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Ä�Å�Æ'A BDC�ÈFEHGJI�K1LMB�NOEQPRNTS3G�UVGJN�WXNTY[Z\NOG�L^] NOGJS_U�Êa`�È

æM[�m)_Z]4pb\ e kPX�u<_ e [TY�[�^�a<cbk f \"_ e [TYbcPm)] e X�\"\"Xd\�_q^<o)kPX�\"]T_qY�[ e o�o)] e kb[T^brTX�o)kPX e kbXdu<_ e [TY e ]Tu<cH]Ts
\"_.o)_q]T^�]Tlj_Z^���Y.o"m=[�o)_q^Pr�W�[�o)Xdm2h�ú�X�u<]�xT[TY�]Tlj\"]4_ZY�u<]T_q\to)pJm)X�| f X�xT[TcH]�o"m=[T^b\"cP_.m=[�o)_Z]4^�m)X�\"pPYZo)\�_Z^
_Z^ e m)X2[�\"X2a e ]T^ e Xd^�o"m=[�o)_Z]4^b\�]�l`[TYZY e ]4^b\to)_.o)pPX�^Bo)\���cPm)]TcH]Tm"o)_Z]4^b[TYjo)]Uo)kbX7[�u<]4pP^�o
]Tl�u<]T_q\to)pJm)X
m)X�u<]�x}X2a�hMÑPpPm"o)kbX9m e k�[�^brTX�\w[�m)X e [TpP\"X2a~| f |P_Z]4YZ]4rT_ e [TY�[ e o)_qx�_.o f�Ï=¡2Ò ¢BÒ \"X�YZX e o)_qx4X�pPcPo=[TÕ4X'[T^ba
X'&Jp�aP[�o)_Z]4^�]TlM^�pPo"m)_ZX�^Bo)\
| f o)kbX�x}X�rTXdo=[�o)_Z]4^�g9��|PpPâ�Xdm)_Z^Prnm)X2[ e o)_Z]4^P\
W`_Zo)k�o)kbX{\"]4_ZYjX'& e kb[T^brTXe ]4u<cPYZX'&���cPm)X e _qcP_.o=[�o)_Z]4^�]Tl`u<_Z^PXdm=[TYZ\�l�m)]4u�o)kbX<\"]T_qY�\"]TYZpPo)_Z]4^�� e ]4^Bo"m)_Z|bpJo)_q]T^b\�| f aPX e [ f _Z^Pr
]Tm)r4[T^b_ e u7[�o"o)XdmD[T^ba�WMX2[�o)kPXdm)_Z^br�]Tm�aP_Z\"\"]4YZpPo)_Z]T^�]�lwu<_Z^bX9m=[TYZ\ Ï�� p e kb[TpJlF]4pJm2�`Ö2×4Ø4ß4g9h�i�kPX
Yq[�m)r4Xd\to e kb[T^brTX�\'pb\"pb[TYZY f ] e�e pJm'_Z^�o)kPX�m)]B]To�Þd]4^bXT��[�YZo)kP]4pPr4k�\"]4u<XDcJm)] e X�\"\"X�\{[�m)XDc�[�m"o)_ e pPs
Yq[�m)Y f [ e o)_Zx}X'_Z^Uo)kPX
\"pb|P\"]4_ZY Ï ^b]To=[�|bY f W�X2[�o)kbXdm)_Z^PrBg9hMÍP[�u<cbYZX�\�]�l�o)kbX
\"]T_ZY�\"]4YZpJo)_q]T^~]4|Jo=[T_Z^bX�a
W`_.o)k�\"p e o)_Z]4^�Y f \"_Zu<Xdo)Xdm)\Du7[ f ^b]�o7[ e�e pPm=[�o)XdY f m)XdÚbX e o�o)kPX e kbXdu<_ e [TY e ]Tu<cH]4\"_.o)_Z]4^�]Tlwo)kPX
[Tu�|b_ZX�^BoM\"]T_ZY+u<]T_q\to)pJm)X
aJpbX`o)]D_Z^Bo)Xdm=[ e o)_Z]T^nW`_.o)kUo)kPX e Xdm=[Tu<_ e u7[�o)Xdm)_q[TYH]Tl+o)kbX e pbcn[T^ba7o)kPXe ]4^ e X�^Bo"m=[�o)_Z]T^b\�]�l e Xdm"o=[T_Z^ e ]4^P\to)_Zo)pPX�^Bo)\McJm)X�\"X�^Bo)X2a<|HX�YZ]2W�u7[ f o)kbX9m)XdlF]�m)X
aPXdxJ_q[�o)X�l�m)]4uvo)kPX
[ e o)pb[TY e ]4^ e X�^Bo"m=[�o)_Z]T^b\`_Z^zo)kbX
\"]T_ZY�u<]4_Z\to)pJm)X Ï \"X�X�[TYZ\"]nÍJX e o)_Z]4^�Ö�ÙJh ß4g9h

i�kbX'\"cb[�o)_q[TY+x4[�m)_q[�o)_Z]4^~_Z^~\"]T_ZY�u<]4_Z\to)pJm)X e ]4u<cH]T\"_.o)_q]T^zW�[�\w[ e�e ]Tpb^Bo)X2anl�]Tm�| f _q^P\to=[TYZYZ_Z^br
ÙJ� � \"Xdo)\�]�l�Y f \"_Zu<Xdo)Xdm)\�[�o�o)kbXj\)[Tu<XMaPX�cJo)k�W`_.o)kP_q^�[`cbYZ]To2h�æ�[�m)_q[�o)_q]T^b\�_Z^�Ü Ó ]�lbo)kPX�u<]T_q\to)pJm)Xe ]4YZYZX e o)X�a�l�m)]4uÎo)kbX�\)[Tu<cPYZXdm)\�cJm)]�xJ_qaJX2a~[/�bm)\to�_Z^�aP_ e [�o)_Z]4^�]Tl�o)kbX'\"cb[�o)_q[TY�xT[�m)_q[�o)_q]T^�W`_Zo)kP_Z^
o)kbX<cPYq]�o�[�o�X2[ e k�aPX�cJo)k+hnæ�[TYZpbX�\�aPpJm)_Z^brzo)kPX<cPm)Xds edfJe YZ]4^PX<cHXdm)_Z]�a�x4[�m)_ZX2a$|HXdo�W�X�X�^�ßTß�� � Ø
b Í e u	ced�_Z^D|H]�o)k{o)]TcPs+[T^ba{\"pP|b\"]4_ZYJ_Z^�o)kbXMi�pbYq[�\"XdW�[wl�]Tm)X�\tojcbYZ]�o2�4|HXdo�W�X�Xd^ � Ö���ÖTÖ�Û b Í e u	ced
[T^ban× � �bÖ2Ø4á b Í e u cfd _Z^no)]TcPs�[�^�a7\"pb|b\"]T_ZY�_Z^7o)kbXg(']Tm)]4Õ�pPY�['lF]�m)X�\to�cbYZ]To2��m)X�\"cHX e o)_Zx}X�Y f �J[T^ba
|HXdo�WMX�X�^ � ØJ��åTØ b Í e u ced [T^ba �h� �JÛ�Ù b Í e u ced _Z^Do)]4cJs�[�^�a{\"pb|b\"]T_ZYP_Z^�o)kPX3(']Tm)]Tu7[T^P_Jl�]Tm)X�\to
cbYZ]To2�Jm)X�\"cHX e o)_qx4X�Y f hji�X�u<cH]Tm=[�Y+xT[�m)_q[�o)_q]T^b\�W�X9m)X{\"u7[�YZY�h

Ô ]4\to"s edfJe YZ]T^bX�Ü Ó x4[�YZpbX�\�_Z^�o)kbX�(']Tm)]4Õ�pPY�[�lF]�m)X�\to7cbYZ]To<WMXdm)X~u�p e k�kb_Zr4kPXdm�o)k�[�^�o)kPX
cPm)Xds edfJe YZ]T^bXwxT[TYZpPX�\���[�^�aUaPX e m)X�[T\"X2aUl�m)]4uÎ[{u7[�&J_ZuDpbu�]Tl�ÛTá4á���ØTá4á b Í e u ced \"kb]�m"o)Y f [�l�o)XdmedfJe YZ]4^PX<ÍJ_Z^b[U_Z^a)}[�^�p�[�m f o)]�Ö4Ö�áJ��Ö2ÛTá b Í e u cfd _Z^ û [�m e k+�jÖ2×4×�Ö4��[T\'o)kbX�\)[TY.o)\{aPX�cH]T\"_Zo)X�a
aPpJm)_q^Pr�o)kPX~c�[�\"\)[TrTX�]�l
o)kbX edfJe YZ]4^PX~W�Xdm)Xzm=[�cb_qaPY f YZX2[ e kbX�a�hài�kPX e kb[T^brTXzW�[�\7YqXd\"\ncJm)]Ts
^b]Tpb^ e X2a<_q^�(']Tm)]Tu7[T^b_�l�]Tm)X�\to`W`kPXdm)Xwo)kbXwÜ Ó aJX e m)X2[�\"X2anl�m)]4uÎå � �bÖ�åTÐ b Í e u	cfd�o)]�å�×J��ÖTÖ2á
b Í e u cfd ]�x}Xdm{o)kbX7\)[�u<XncHX9m)_q]�a�h�õw^bY f [�x4Xdm f \"YZ_Zr4kBoD_q^ e m)X2[�\"XU_Z^�Ü Ó W�[�\D]T|b\"Xdm)x}X�a�[�o
i�pbYq[�\"XdW�[Dl�]Tm)X�\to�lF]TYqYZ]2W`_Z^br<o)kbXwc�[T\"\)[�r4X�]Tl e9fPe Yq]T^bX{Í�_q^b[Jh

i�kbX�Ü Ó �}cPã�[T^baD_Z]4^ e ]T^ e X�^Bo"m=[�o)_q]T^b\j_Z^<cPm)Xds�[T^baDcH]4\to"s edfJe YZ]4^PX`\"]4_ZYb\"]TYqpJo)_Z]4^b\ Ï x}]4YZpPu<X
W�X�_ZrTk�o)X�aU[2x}Xdm=[�r4X�\=g�l�]Tm�o)kPXwxT[�m)_Z]4pP\MlF]�m)X�\to`\"_.o)X�\`[�m)X
cJm)X�\"X�^Bo)X2a<_Z^zi�[T|bYZXDÖ�ÙJhZÖ2á�h�i�kPX
aJ]4u�s
_Z^�[T^Bo'_Z]T^b\�_Z^�o)kbXD\"]4_ZYM\"]TYqpJo)_Z]4^$WMXdm)X Ó YM[�^�a�ô
[���lF]TYZYq]2WMX2a�| f ÍJ_ ��ã Ó õ � ��ÍPõ ö [T^ba û rPhÓ ]4^ e X�^Bo"m=[�o)_Z]4^P\�]Tl�[�YqYP_Z]4^b\��TW`_.o)kDo)kbX�X�& e X�cPo)_Z]4^D]Tli(���W�X9m)X�kb_Zr4kPX�\toj_q^�o)kbX3(']�m)]4Õ�pbYq[�l�]Tm)X�\to
cbYZ]To2��W`kPXdm)X�o)kPXM\"]4_ZY e ]T^�o=[�_Z^bX2a'o)kbXjYq[�m)r4Xd\toj[Tu<]4pP^Bo�]TlJW�X�[�o)kbX9m=[T|bYZX�u<_Z^PXdm=[TYZ\ Ï Í�X e o)_Z]4^ � h � g9hj m=[4aJ_qXd^�o)\�_Z^�_Z]T^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\w_Z^�o)kbX�\"]4_ZY�\"]4YZpJo)_q]T^�W`_.o)k�\"]4_ZY�aJX�cPo)k~WMXdm)X�\"u7[�YZY�_Z^�o)kPX
i�pbYq[�\"XdW�[�[�^�aT(']Tm)]4u7[�^b_�lF]�m)X�\to�cbYZ]To)\�hjãw]2WMX�x}Xdm2��o)kbXwY�[�m)r4X e ]T^�o"m=[�\to�_q^ e kPX�u<_ e [TY�cJm)]4cHXdm"s
o)_ZX�\
]Tljo)kbX�o)]4cJs`[T^ba�\"pb|b\"]T_ZY�_q^�o)kPX�(']�m)]4Õ�pbYq[<lF]Tm)Xd\to�cbYZ]To Ï Í�X e o)_Z]4^ � h � g�W�[�\
m)XdÚ�X e o)X2a�_Z^
o)kbX e ]4u<cH]T\"_Zo)_Z]T^�]TlH\"]T_ZYbu<]4_Z\to)pJm)XMW`kb_ e kD\"kb]2WMX2a e ]T^b\"_qaPXdm=[�|bYZX�_Z^ e m)X�[T\"X�\j_Z^ e ]T^ e X�^Bo"m=[�o)_q]T^b\
]Tl�ôw[J� û rP� Ó Y��Pã Ó õ � [�^�a�ÍPõ ö W`_.o)k�aPXdcPo)k Ï i�[T|bYZX�Ö�ÙJhZÖ2á4g9h

Ô ]4\to"s edfJe YZ]T^bX�_q]T^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\�[�o�o)kbXk(']Tm)]TÕ�pbYq[�[�^�a/(']�m)]4u7[T^P_blF]�m)X�\to�cPYq]�o)\��BW`kb_ e k
W�Xdm)X{|H]To)k�\"_.o)pb[�o)X2a~m)X�Yq[�o)_Zx}XdY f�e Yq]T\"X�o)]<o)kbX�] e X�[T^+��m)XdÚbX e o)X2azo)kPX�Yq[�m)r4XD_Z^PcbpPo)\�]Tlj\"X2[7\)[TY.o
| f�edfJe YZ]4^PX7ÍJ_Z^�[���W`_Zo)k�Yq[�m)r4XD_q^ e m)X2[�\"X�\�_q^ e ]T^ e X�^Bo"m=[�o)_q]T^b\']�l�ô
[�� Ó Y � û r~[�^�a Ó [Jh Ó ]T^Pse X�^Bo"m=[�o)_Z]T^b\�]Tll(v_Z^ e m)X2[T\"X2a�[�o
[�YqY�\"_Zo)Xd\wW`kb_ e k�u7[ f |HX�X'&JcbYq[T_Z^PX2a~| f YZX2[ e kb_Z^Prn]�l_(�l�m)]4u
o)kbXUY�[�m)r4Xm�Bpb[T^Bo)_.o)_qXd\<]Tlwl�m)X�\"k�YZ_.o"o)XdmnaJX�cH]4\"_.o)X2a�| f o)kbX edfJe YZ]T^bX4h�ôw]�\"p e k�_Z^ e m)X2[T\"X~W�[T\
]4|P\"Xdm)x}X2a�l�]Tm Ô õ
ö`]Tmjo)]To=[�Y Ô �4o)kbX e ]T^ e Xd^�o"m=[�o)_Z]4^b\�]Tl�W`kb_ e k�m)X�u7[T_Z^PX2aD|HX�YZ]2W�]�mf-tpP\to�[�|H]�x}X
o)kbX�aJXdo)X e o)_Z]T^<Yq_Zu<_.o2�B[�Y.o)kb]4pPr4kDo)kPX�^bX�X�aPYZX`aPX e ]4u<cH]4\"_.o)_Z]4^7aP[�o=[w_Z^baP_ e [�o)X�a�o)k�[�o Ô W�]TpbYqa�|HX
m)X�YZX2[T\"X�a�\"kP]Tm"o)Y f [�l�o)Xdm
o)kPXDaJX�cH]4\"_.o)_Z]4^�]Tljo)kbX{^bX�X�aPYZX�\w]T^�o)kbX�lF]Tm)Xd\to
Ú�]B]�m Ï ÍJX e o)_q]T^�Ö�ß�h � g9h
i�kb_Z\k��^�aJ_Z^br<[�Yq\"]7\to=[�^�aP\�_Z^ e ]T^�o"m=[�\towo)]�o)kPX']4|b\"X9m)x}X2aUm)_Z\"X�\�_q^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\�]�l Ô õ ö _Z^
YZ_Zo"o)X9m
cHXdm e ]TYq[�o)X<[�l�o)Xdm
o)kPX e9fPe Yq]T^bX Ï i�[T|PYZXUÖ2Ù�h Ø}g9h � kP_qYZ\to Ô _Z\
Õ�^P]�W`^�o)]7|HX e ]Tu<X{m=[�cb_qaPY f
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ì�íJî�ï�´�µqpsr�µhtsulv�ABÁ�·9»�wbÁ4x�·9ÁJy`»�½�Âgx�¸}¿2¾zy�{J|@{�¼�¸B½�Á~}B»B¼q¹�Á2¿{¸)ºk���;���3��{��T�<�'����xi�ç»B½�Â7Ày¸B½
{�¸B½f{�Á�½�¾�·9»B¾�Ày¸B½�¿T���/w�¼ ��� �nÀ ½�¾t¸�xfy
»B½�ÂU¿2¹*��¿�¸BÀ ¼���¸BÀF¿2¾�¹H·dÁDÀ ½$¾,��Á0�H¹H¼�»B¿�ÁJ��»���R~¸�·9¸TS�¹H¼�»
»B½�ÂnR~¸B·9¸o�~»�½�À�º�¸�·9Á�¿�¾_x�¼�¸B¾�¿�Ã

P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

Topsoil moisture, pre-cyclone
0.020.050.020.020.053.540.020.281.604.926.220.180.371.000.193.315.7332Tulasewa
0.020.480.020.020.057.380.036.553.925.2814.300.201.492.910.098.085.9382Korokula
0.020.230.050.050.082.180.036.732.902.717.640.200.671.030.126.125.3052Koromani

Subsoil moisture, pre-cyclone
0.030.060.020.040.053.680.020.170.806.624.510.120.130.880.223.085.7530Tulasewa
0.040.370.020.030.056.540.047.506.3224.8625.400.211.284.570.1218.216.27141Korokula
0.020.220.050.050.071.890.024.081.581.6410.640.200.290.660.177.354.8852Koromani

Topsoil moisture, post-cyclone
0.020.110.020.020.052.820.020.141.382.916.710.190.320.950.283.445.9533Tulasewa
0.020.310.030.020.067.890.025.167.106.9193.360.249.8117.40.3423.176.17321Korokula
0.030.340.020.040.063.830.042.131.331.4730.690.352.282.730.5512.894.85106Koromani

Subsoil moisture, post-cyclone
0.020.050.020.020.083.350.020.080.934.567.370.110.121.140.194.146.0133Tulasewa
0.020.120.020.020.056.830.021.925.028.2294.820.112.7515.70.2535.646.45328Korokula
0.030.100.020.020.062.710.022.920.981.0520.840.180.710.970.2312.445.8379Koromani

Fe-T: Total Fe; N-T: Total N; P-T: Total P

_Zu<u<]4|P_ZYq_ZÞ�X�a�_Z^�u7[T^ f o"m)]Tcb_ e [TY�\"]4_ZYZ\�aJpbXDo)] e ]4u<cbYZX'&J_Z^brUW`_Zo)k$x4[�m)_q]Tpb\�]Tm)r4[T^P_ e �jó�Y ��[�^�a
ÑbX e ]Tu<cH]4pb^baP\ Ï ÍP[T^ e kPX�Þ4��Ö�×}ÛTÐ4g9�+o)kPXD]T|b\"Xdm)x}X�a�Yq[ e Õ�]�l�m)X�\"cH]T^b\"X�]�l Ô õ ö e ]4^ e X�^Bo"m=[�o)_Z]4^P\
_Z^z\"]T_ZY+u<]T_q\to)pJm)Xwu7[ f W�XdYqY�|HX'[�^~[�m"o)Xdl [ e o�]Tl�o)kPX
u<Xdo)kP]�a7]�l�\)[Tu<cPYZ_q^Pr�W`_.o)k e Xdm=[Tu<_ ewe pbcb\
W`kP_ e k�o)X�^baP\�o)]�pP^�aJXdm)X�\to)_Zu7[�o)Xzo)kPX e ]T^ e X�^Bo"m=[�o)_q]T^b\7]Tl ÔçÏ�� _Zu<u<Xdm)u7[�^b^ ¡9ü�ý4þqÒ �wÖ�×}Û�Ø}g9hÔ ]T\to"s e9fPe Yq]T^bX e ]4^ e X�^Bo"m=[�o)_Z]4^P\n]�l
ô
õ � [T^ba�o)]�o=[TY�ôçWMXdm)X�YZ]�WMXdm<o)k�[�^�cJm)Xds edfJe YZ]4^bXU]4^PX�\��
W`kP_ e k~u7[ f |HX
X'&JcbYq[�_q^PX2az| f o)kbX'pPcPo=[TÕ4X
]Tl�ô�| f o)kPXwlF]�m)X�\to�l�]Tm�o)kbX
m)X�rTX�^bX9m=[�o)_Z]4^�]�l�^bX�Xds
aJYqXd\��b|HX e [Tpb\"X'ô�_q\`]T^bY f \"Yq]2W`Y f m)XdYqX�[T\"X2azl�m)]4uÎaPX e ]4u<cH]T\"_q^Pr�^bXdX2aPYZX�\ Ï ÍJX e o)_Z]4^$Ö2ß�h � g9hMi�kbX
Xdâ�X e o�]Tl�o)kbX edfJe YZ]4^PXw]4^7o)kbX e ]T^ e X�^Bo"m=[�o)_q]T^b\�]�l�ô�ã
ö�W�[T\�_Z^ e ]4^ e YZpb\"_Zx}X4��W`_.o)kUYZ_.o"o)YZX e k�[T^Pr4X
_Z^�o)kbX e ]T^ e X�^Bo"m=[�o)_q]T^b\�_q^�o)]TcPs'[�^�a�\"pP|b\"]4_ZY�u<]T_q\to)pJm)X7_q^�o)kPXzi+pbYq[T\"XdW�[�l�]Tm)X�\to�cbYZ]To2�j[�^�a
m)X�Yq[�o)_qx4X�Y f Y�[�m)r4X e k�[�^br4Xd\�_Z^no)kPX�o)]TcPsj[T^ba<\"pb|b\"]T_ZY+[�o�o)kbXg(']Tm)]Tu7[T^b_HcPYZ]To2h Ì ^ e m)X2[�\"X�\�]Tl�o)kbX
ô�ã
ö e ]T^ e X�^Bo"m=[�o)_q]T^�W�Xdm)X`]T|b\"Xdm)x}X�a�_q^�o)kbX�o)]4cP\"]4_ZYZ\M_Z^�o)kbXV(']�m)]4Õ�pbYq['[�^�a�(']�m)u7[T^b_�lF]�m)X�\to)\��
W`kPXdm)X2[T\ e ]T^ e X�^Bo"m=[�o)_q]T^b\�aPX e m)X2[T\"X�az_Z^zo)kbX
\"pP|b\"]T_qYZ\�h

ÍBo)X�p�aJYZXdm ¡9üwý4þqÒ � Ï Ö2×T×JÖ�g
]T|b\"Xdm)x}X�a�_Z^ e m)X2[T\"X�\'_Z^ e ]4^ e X�^Bo"m=[�o)_Z]4^P\']TlMôwã
ö���[�\
W�X�YZYj[T\'_Z^
o)kP]4\"XM]�lbô
õ � ��_Z^{o)kPX�\"pJm"l [ e X�\"]4_ZYZ\�lF]TpPm�u<]T^�o)kP\�[�l�o)Xdm�kJpJm"m)_ e [T^PXMãwpPr4]`|�[TaPY f aP[Tu7[TrTX2a�^�[�o"s
pJm=[TY�m=[T_Z^�lF]�m)X�\to)\�_Z^ Ô pbX9m"o)]
ú�_ e ]Jhji�kbX�k�pPm"m)_ e [�^bX`[�Yq\"]'_Z^ e m)X2[T\"X�aDo)kbX�^PXdojô�syu<_Z^bXdm=[�Yq_ZÞ2[�o)_Z]4^
_Z^Uo)kPX'\"pPm"lF[ e X�\"]4_ZY hjôw]<aP[�o=[�W�[T\`cPm)Xd\"X�^Bo)X2aUlF]�m`o)kbX
\"pP|b\"]4_ZYZ\�h

ÄDÅ�Æ�� � Ê0U3`kG�ÈFW	U��9��PRNT`4U3S�GhW�� K�U�È~`��àÈ~K~�0G�W�Ë U3C�È¢¡�N�`l£
ÈFS<U¤�¢L�N$U4S
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P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaD+QLocation

Pre-cyclone period
<0.1<0.2<0.1<0.1<0.16.1<0.1<0.3<1.31180.20.21.50.45167Tulasewa
0.10.7<0.10.1<0.112.7<0.114.612.348490.42.58.9<0.335194Korokula

<0.10.7<0.2<0.2<0.36.1<0.113.15.15340.60.92.10.524322Koromani

Post-cyclone period
<0.2<0.5<0.2<0.2<0.729.3<0.2<0.78.240651.0<1.110.01.736877Tulasewa
<0.10.3<0.10.0<0.214.4<0.14.110.6172000.25.833.10.575211Korokula
<0.10.3<0.1<0.1<0.26.5<0.17.02.43500.41.72.30.630241Koromani

ÀÂÃ	Æ¿ÅqÀÂÊßÈ$ÅhÀ�Æ�½¼@¾Á�Á'&o½¿¾�ÌhÏ'½Á�ËOÇà¾ÅqÈá½É�Á�Æ¿¼�Ð�Æ¿ÅhÀÂÊ,Ö.â3É�Á�¾Á�Æ¿¼�ÊÓ½ÆãÌ�¾Á~Ä�¾Á�Æ¿Á'Ão½Á�ËOÀÂÃmâßÌhÐ�ÊÂÁnÖ�Ù@ÖZÖ4ÖhÖ
â3É�ÁVÏ�Ì�ÊÂÏ�¼�Ê�Ì�½ÀÂÅhÃ�Æ4Æ¿¼JâsÁ'¾Á�Ë�Ç8¾ÅqÈMÒhÌ�¾ÀÂÅq¼�Æl¼�Ã�Ï�Á'¾¿½�Ì�ÀÂÃo½ÀÂÁ�Æ Õ ¾�ÌhÃ�ÍhÀÂÃ�Í�Çà¾ÅhÈ�½É�ÁVÁ'¾¿¾Å�¾ÆlÀÂÃ/½É�Á4À�ÅhÃ
Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ4ÀÂÃ$½É�ÁkÆ¿ÅhÀ�ÊiÆ¿ÅhÊÂ¼�½ÀÂÅqÃ�Ë�ÀÂÆ¿Ï�¼�Æ¿Æ¿Á�Ë$Ä�¾Á�ÒoÀÂÅq¼�Æ¿ÊÂÑ Õ ½Å~½É�ÅqÆ¿ÁgÀ�Ã$Á'Æ�½À�È1ÌJ½Á�Ë1ÌhÈ$Åh¼�Ã�½Æ
ÅhÇ�Î3Ì�½Á'¾�ÊÂÁ�Ì�Ò@ÀÂÃ�Íä½É�Á	¾Á�Æ¿ÄiÁ�Ï'½ÀÂÒ�ÁåÆ¿ÀÓ½Á�ÆOÌhÆ�Ë@¾�ÌhÀÂÃ�ÌhÍqÁhÖMæfÌJ½Á'¾�ÌhÊ�Æ¿¼�Ð�Æ¿¼@¾¿Ç�ÌhÏ'Á�Ú�ÅJÎ¢ÀÂÆ�ÊÂÀZÕ�Á�ÊÓÑ
½Å�Å�Ï�Ï'¼�¾TÌ�½TÌ�ÊÂÊgÆ¿ÀÓ½Á�ÆTË�¼�ÁO½Å0½É�Á	Ê�Ì�¾ÍhÁmÏ�ÅqÃ�½¿¾�ÌhÆ�½1ÀÂÃç½É�Á	É�Ñ�Ë@¾�Ì�¼�ÊÂÀÂÏOÏ�ÅhÃ�Ë�¼�Ï'½ÀÂÒoÀÂ½ÙÑäÅhÇ�½É�Á
½ÅqÄ@è�ÌhÃ�ËéÆ¿¼�Ð�Æ¿ÅhÀÂÊ�Æ Ï Í@Á�Ï'½ÀÂÅhÃ � Ö Ù@Ö Ù�×�Öçâ3É�Á�Ï�ÅhÈ$ÄiÅqÆ¿ÀÓ½ÀÂÅqÃäÅhÇ.½É�ÀÂÆ�Ê8ÌJ½Á'¾�ÌhÊ Ï Æ¿¼�Ð�Æ¿¼�¾¿Ç�ÌhÏ�Á�×�Ú�Å�Î
È1Ì�ÑéË�À.âsÁ'¾�Çà¾ÅhÈê½É�ÌJ½/ÅhÇgÎVÌJ½Á'¾/¾Á�È$ÅJÒ�Á�ËaÐ�ÑäË@Á�Á�ÄiÁ'¾/Ë@¾�Ì�À�Ã�ÌhÍhÁ Ï,+ ¾¼�À -zÃbÞ�Á�Á'Ê Õ Ö2×TØ4ÙqÌq×/ÌhÃ�Ë
½É�ÀÂÆgÎkÀÂÊÂÊ�¾Á�Æ¿¼�ÊÓ½�ÀÂÃåÁ'¾¿¾Å�¾Æ�ÀÂÃ\½É�Á�Ï�Ì�ÊÂÏ�¼�Ê�Ì�½Á�Ë\Ão¼�½¿¾ÀÂÁ�Ã�½ãÁ'&@ÄiÅh¾¿½ÆgÎkÉ�Á�Ã�Á'Ò�Á'¾�Í�¾�ÌqË@À�Á'Ão½ÆãÅhÇlÀ�ÅhÃ
Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ/ÀÂÃé½É�ÁTÆ¿ÅqÀÂÊkÆ¿ÅqÊÂ¼�½ÀÂÅhÃçÎkÀÓ½É»Ë�Á�Ä@½ÉäÌ�¾ÁOÏ'ÅqÃ�Æ¿À�Ë@Á'¾�ÌhÐ�Ê�Á Ï ÌhÆ/ÀÂÃé½É�ÁT(�Åh¾ÅTÕo¼�Ê�Ì
Ç�Å�¾Á�Æ�½_Ä�ÊÂÅh½�×�Ö Ì Ã/ÌhË�Ë@ÀÂ½ÀÂÅhÃ Õ Æ¿ÅqÀÂÊ�È$ÅhÀ�Æ�½¼@¾Á4Ä�ÌhÆ¿Æ¿ÀÂÃ�Íã½É@¾Åq¼�ÍqÉ�½É�ÁlÎ4Á�Ì�½É�Á'¾ÀÂÃ�Í
Þ�ÅhÃ�ÁVÈ1Ì�Ñ~ÌJ½¿½�ÌhÀÂÃ
É�ÀÂÍqÉ�Á'¾_Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ3Ì�ÆlÀÂÅhÃ�ÆlÌ�¾ÁV¾Á�ÊÂÁ�ÌhÆ¿Á�Ë1Ð�ÑFÎ3Á�ÌJ½É�Á'¾ÀÂÃ�Í Ï Ü_Á'¾Ã�ÀÂÆ¿Æ¿Á Õ Ö2×T×4Ù�×�Ö + Á�Ï�Ìh¼�Æ¿Á.½É�Á
ÊÓÑ�Æ¿ÀÂÈ$Á'½Á�¾�Ï�¼�Ä�Æ�Ï�Åh¼�Ê�Ë\Ã�Åh½�ÐiÁ�Ä�Ê�ÌhÏ'Á�Ë0ÀÂÃå½É�ÀÂÆ'Þ�ÅqÃ�Á Õ Á'&@ÄiÅh¾¿½Æ�Å�Ç3Ão¼�½¿¾ÀÂÁ�Ã�½ÆãÈ1Ì�ÑmÉ�Ì�Ò�Á�ÐiÁ�Á'Ã
¼�Ã�Ë�Á'¾Á�Æ�½ÀÂÈ1ÌJ½Á�Ë�Ç�¼@¾¿½É�Á'¾�Ö_â3É�ÀÂÆ4ÀÂÆ3Æ¿¼�Ä�ÄiÅh¾¿½Á�Ë/Ð�Ñ�½É�ÁkÇ�ÌhÏ�½3½É�ÌJ½4Ä@¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�Á.Ï�ÅhÃ�Ï�Á�Ã�½¿¾�ÌJ½À�ÅhÃ�Æ
ÅhÇMô�Ì Õ�Ó Ì Õ�û Í	Ì�Ã�Ë�Í@À�ÀÂÃ\È$ÅqÀÂÆ�½¼�¾Á�Ï�ÅqÊÂÊÂÁ�Ï'½Á�Ë0À�Ãå½É�Á�Æ¿¼�Ð�Æ¿ÅqÀÂÊi-�¼�Æ�½FÌ�ÐiÅJÒ�Á�½É�Á�Î3Á�Ì�½É�Á�¾À�Ã�Í
Þ�ÅqÃ�ÁãÀÂÃ$½É�Ág(�Åh¾Å4Õo¼�Ê8Ì�Ç�Å�¾Á�Æ�½kÄ�ÊÂÅ�½4Î3Á�¾Á�È�¼�Ï�É$É�À�ÍhÉ�Á'¾l½É�Ì�ÃT½É�ÅqÆ¿Á�ÌJ½3½É�Á.Åh½É�Á'¾VÆ¿ÀÓ½Á�Æ4ÎkÉ�Á'¾Á
½É�Á�Ï�¼�Ä�ÆVÎ3Á�¾Á~Î4Á�ÊÂÊ�ÌhÐiÅJÒ�Á�½É�Á�Î3Á�ÌJ½É�Á'¾ÀÂÃ�Í7Þ�ÅhÃ�ÁqÖMããÅ�Î3Á'Ò�Á'¾ Õ ½É�ÀÂÆ.ÎkÀÂÊÂÊßÅqÃ�ÊÓÑ	ÐiÁ�½¿¾¼�Á�½Å/½É�Á
Á'&o½Á�Ã�½<½É�Ì�½_½É�ÁVÎ3Ì�½Á'¾4À�Ã�Ë�Á�Á�Ë�½¿¾�ÌJÒqÁ�ÊÂÆl½É�¾Åh¼�ÍhÉ/½É�Á`Þ�ÅqÃ�ÁgÅ�Çs¾Åh½¿½Á�Ã$¾Å�Ï=Õ�¾�Ì�½É�Á'¾4½É�ÌhÃ/ÐiÁ'À�Ã�Í
Ë�ÁdÚ�Á�Ï'½Á�Ë	Ê�ÌJ½Á'¾�ÌhÊÂÊÓÑ/-�¼�Æ�½�Ì�ÐiÅ�ÒqÁ�ÀÓ½ãË�¼�Á�½Å$½É�ÁFÌ�Æ¿Æ¿Å�Ï�À�Ì�½Á�Ë0Ë@¾ÅqÄmÀÂÃåÉ�Ñ�Ë@¾�Ìh¼�ÊÂÀ�Ï~Ï�ÅhÃ�Ë@¼�Ï'½ÀÂÒoÀÓ½zÑ�Ö
â3É�Á'¾Á�Ç�Åh¾Á Õ ÌhÊÓ½É�Åq¼�ÍhÉé½É�ÁTÁ'&@ÄiÅh¾¿½Æ�Å�ÇãÃo¼@½¿¾À�Á'Ão½ÆFÇà¾ÅhÈë½É�ÁTÆ¿ÀÓ½Á�Æ$Ì�Æ/ÍqÀÂÒ�Á�ÃäÀÂÃçâßÌhÐ�ÊÂÁ�Ö2ÙoÖZÖ4Ö
È1Ì�Ñ�ÐiÁV¼�Ã�Ë@Á'¾Á�Æ�½ÀÂÈ1Ì�½Á�Ë�ÌhÆlÌg¾Á�Æ¿¼�ÊÂ½lÅhÇi½É�Á�Æ¿ÁV¼�Ã�Ï�Á'¾¿½�Ì�À�Ã�½ÀÂÁ�Æ Õ ½É�ÁVÁdâsÁ�Ï'½lÈ1Ì�ÑFÐiÁVÊ�ÀÂÈ$ÀÓ½Á�Ë Ï��ì�Ò
Í@Á�Ï�½À�ÅhÃ�Ö�Ù@Ö ÛoÖ ßh× Õ Ð�¼@½3Ç�¼@¾¿½É�Á'¾VÎ4Åh¾)Õ$ÀÂÆkÃ�Á�Ï'Á�Æ¿ÆÌ�¾¿ÑTÅqÃ1½É�ÀÂÆVÆ¿¼�Ð@-zÁ�Ï'½kÀÂÆVÃ�Á�Ï'Á�Æ¿ÆÌ�¾¿Ñ Ï,+ ¾¼�À -zÃbÞ�Á'Á�Ê Õ
Ö2×T×JÖJ×�ÖRâ3É�ÁOÌhÃ�Ã@¼�ÌhÊVÃo¼�½¿¾ÀÂÁ�Ã�½�Ñ�ÀÂÁ�Ê�ËäÒqÌ�ÊÂ¼�Á�Æ/Å�Çg½É�ÁOÆ�½¼�Ë@ÑéÄ�Ê�Å�½Æ$Ì�¾ÁOÄ�ÊÂÅh½¿½Á�ËçÌhÍqÌhÀÂÃ�Æ�½$½É�Á
ÌhÃ�Ã@¼�ÌhÊV¾¼�Ã�ÅTâ"ÀÂÃ�ÑßÀÂÍq¼@¾Á�Ö2ÙoÖ Ù�ÇàÅh¾�Ï�ÅqÈ$Ä�Ì�¾ÀÂÆ¿ÅqÃ»ÎkÀÂ½ÉRË�ÌJ½�Ì�ÅqÐ@½�ÌhÀÂÃ�Á�Ë»À�Ã»½¿¾ÅqÄ�ÀÂÏ�Ì�Ê.ÇàÅh¾Á�Æ�½Æ
Á�ÊÂÆ¿Á'ÎkÉ�Á�¾ÁqÖ�ó�Æ¿É�Å�¾¿½ãË@ÀÂÆ¿Ï�¼�Æ¿Æ¿ÀÂÅqÃOÀ�ÆkÍhÀ�ÒqÁ�Ã	ÀÂÃ�Í@Á'Ï'½ÀÂÅqÃ�Ö�Ù@Ö ÛoÖ � Ö

+ Å�½É	Ä�¾Á'èlÌ�Ã�Ë�ÄiÅhÆ�½¿è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁãÁ'&@ÄiÅh¾¿½ÆVÎ3Á'¾Á�É�ÀÂÍqÉ�Á'Æ�½kÀ�Ã�½É�Á�(�Å�¾Å4Õo¼�Ê�ÌFÇàÅh¾Á�Æ�½gÄ�ÊÂÅ�½�Ö4â3É�Á
É�ÀÂÍqÉäÌ�È$Åq¼�Ão½�ÅhÇkÎ3Ì�½Á'¾�Á'&@ÄiÅh¾¿½Á�ËaÇà¾ÅhÈ ½É�ÁTâf¼�Ê�ÌhÆ¿Á�ÎVÌ\ÇàÅh¾Á�Æ�½�Ä�ÊÂÅh½/Ë�¼@¾À�Ã�Ím½É�Á$Î3Á'½�ÄiÅqÆ�½¿è
Ï'Ñ@Ï�ÊÂÅqÃ�ÁOÄiÁ'¾ÀÂÅoËç¾Á'Æ¿¼�ÊÓ½Á�ËäÀ�ÃçÉ�ÀÂÍhÉRÁ'&@ÄiÅh¾¿½Æ�Çà¾ÅqÈë½É�ÀÂÆ/Æ¿ÀÓ½Á	Ï�ÅhÈ$Ä�Ì�¾Á�Ëä½Åå½É�Á�Ä�¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�Á
Á'&@ÄiÅh¾¿½Æ Õ ÌhÊÓ½É�Åq¼�ÍhÉO½É�ÁãÀ�ÅhÃOÏ�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ�ÆkÀÂÃO½É�Á�Æ¿ÅqÀÂÊ*Æ¿ÅqÊÂ¼�½ÀÂÅqÃOÉ�ÌqËTÏ�É�ÌhÃ�ÍqÁ�ËTÊ�ÀÓ½¿½ÊÂÁqÖ Ô ÅqÆ�½¿è
Ï'Ñ@Ï�ÊÂÅqÃ�Á�Á'&@ÄiÅ�¾¿½Æ�Çà¾ÅhÈë½É�Á�(�Å�¾ÅqÈ1ÌhÃ�À3Ä�ÊÂÅ�½�Î3Á�¾ÁOÅqÃ�ÊÓÑéÆ¿ÊÂÀ�ÍhÉ�½ÊÂÑäÉ�ÀÂÍqÉ�Á�¾�½É�Ì�ÃäÄ�¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�Á
ÒqÌ�ÊÂ¼�Á�Æ Ï âßÌ�Ð�ÊÂÁ�Ö2ÙoÖZÖ4ÖJ×�Ö
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â3É�ÁkÎ3Ì�½Á'¾lÐ�¼�Ë�ÍhÁ'½_ÅhÇs½É�Á3ÇàÅh¾Á�Æ�½Á�ËnõãÊÂÁ�ÅhÊ�Á'Í�Ì~Ï�Ì�½Ï�É�È$Á�Ã�½_Ì�Ã�Ë�½É�Á.Ä@¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁkÌ�½È$ÅqÆ¿Ä�É�Á'¾ÀÂÏ
Ão¼�½¿¾ÀÂÁ�Ã�½�ÀÂÃ�Ä�¼@½Æ�É�ÌJÒqÁ�ÐiÁ�Á'Ã»Ë@ÀÂÆ¿Ï�¼�Æ¿Æ¿Á�ËäÀÂÃ�Í@Á�Ï'½ÀÂÅhÃ�ØoÖ Ù�ÌhÃ�Ë�Ö2Ù@Ö Ù Õ ¾Á�Æ¿ÄiÁ�Ï�½À�ÒqÁ�ÊÓÑ�ÖéâfÅ\Ï�ÅqÈ/è
Ä�Ê�Á�½Á/½É�Á$Ï�ÌJ½Ï�É�È$Á�Ã�½~Ã@¼@½¿¾ÀÂÁ�Ã�½~À�Ã�Ä�¼@½~�mÅq¼�½Ä�¼�½~Ð�¼�Ë�ÍhÁ'½ Õ ½É�Á1ÌhÃ�Ão¼�ÌhÊ_Á'&@ÄiÅh¾¿½FÅhÇkÃo¼�½¿¾ÀÂÁ�Ã�½Æ
ÀÂÃäÆ�½¿¾Á�ÌhÈ�Ú�Å�ÎªÇ�Å�¾/½É�ÁTÄiÁ'¾ÀÂÅoËç)�ÌhÃo¼�ÌJ¾¿Ñ � Õ Ö2×T×4á	�é)qÌhÃo¼�ÌJ¾¿Ñ � Õ Ö2×T×JÖ Õ ÎkÀÂÊ�ÊVÐiÁ���¼�Ì�Ão½ÀÓ��Á�Ë
É�Á'¾ÁqÖ � ¼@¾À�Ã�Í	½É�ÀÂÆ�ÄiÁ�¾À�ÅoË�Ö�ÐJÖ�È$È ÅhÇkÎVÌJ½Á'¾�Î3ÌhÆ�Ë�ÀÂÆ¿Ï�É�Ì�¾ÍhÁ�ËäÌhÆ�Ð�ÌhÆ¿ÁdÚ�Å�ÎáË�¼@¾ÀÂÃ�Í	¾�ÌhÀÂÃ@è
ÊÂÁ�Æ¿ÆFÄiÁ'¾ÀÂÅoË�Æ Õ ÎkÉ�Á'¾Á�ÌhÆ�ÌhÃ�Åh½É�Á�¾nÖ � ámÈ$È�Î3ÌhÆ/Ë@ÀÂÆ¿Ï�É�Ì�¾ÍqÁ�ËéË�¼�¾ÀÂÃ�Í	Æ�½Åh¾È$Æ Ï ÐiÅh½ÉaÌhÆFÐ�ÌhÆ¿Á�è
Ì�Ã�Ë	��¼�ÀÂÏ=ÕBÚ�Å�Îg×�ÖVâ3É�Á~Ë�Ì�½�Ì/Ä@¾Á�Æ¿Á�Ã�½Á�ËOÀÂÃ	½É�Á�Ç�ÅqÊÂÊÂÅ�ÎkÀÂÃ�Í�Ì�¾Á~Ê�Ì�¾ÍqÁ'ÊÂÑ	Ð�ÌhÆ¿Á�Ë	ÅqÃO½É�Á�Î3Åh¾)Õ�ÅhÇ
ÍoÏ�É�Á�ÊÂÊ�ÁdÕ�Á�Ã�Æ Ï Ö�×4×4ßq×�Ö

ôg¼�½¿¾ÀÂÁ�Ã�½gÁ'&@ÄiÅh¾¿½Æ.À�ÃmÆ�½¿¾Á�ÌhÈ�Ú�Å�Î;Ì�¾ÁFÆ�½¿¾ÅqÃ�ÍhÊÓÑmË�Á'ÄiÁ�Ã�Ë@Á�Ã�½gÅhÃ\ÌhÈ$Åq¼�Ã�½Æ.Å�Ç_Æ�½¿¾Á�ÌhÈ�Ú�ÅJÎÏ æ*ÀqÕqÁ�Ã�Æ/÷ üwýTþqÒ�Õ Ö2×4Û4Ûq× Õ ÎkÉ�ÀÂÏ�É\ÀÂÃå½¼�¾Ãm¾ÁdÚ�Á�Ï'½~Ì�È$Åq¼�Ã�½ÆgÌhÃ�Ë0Ë@À�Æ�½¿¾ÀÂÐ�¼�½ÀÂÅqÃ\ÅhÇ_¾�ÌhÀÂÃ�Ç�ÌhÊÂÊ Ï Í@Á�Ï'è
½ÀÂÅqÃzØ@Ö Ù�×�ÖlâfÅ�ÅqÐ�½�Ì�ÀÂÃ	Ì�¾Á�Ä@¾Á�Æ¿Á�Ã�½�Ì�½ÀÂÒ�ÁãÁ�Æ�½ÀÂÈ1Ì�½Á�Å�Ç�Ão¼�½¿¾ÀÂÁ�Ã�½VÅq¼@½Ä�¼@½ Õ ÀÂ½kÀÂÆkÀÂÈ$ÄiÅh¾¿½�Ì�Ão½4½É�Ì�½
½É�Á.¾�Ì�À�Ã@Ç�Ì�Ê�Êi¾Á�ÍhÀÂÈ$ÁãË@¼�¾ÀÂÃ�Í�½É�Á.ÅqÐ�Æ¿Á'¾ÒhÌ�½ÀÂÅqÃTÄiÁ'¾ÀÂÅoË$À�Æ4Ï�ÅqÈ$Ä�Ì�¾�ÌhÐ�ÊÂÁg½Å�½É�Á.ÊÂÅqÃ�Í�è,½Á'¾È[Ì�Ò�Á'¾¿è
Ì�ÍqÁ Ï æeÀZÕ�Á�Ã�Æ�÷ üjý4þqÒ�Õ Ö2×}ÛTÛ�ÿ + ¾¼�À -zÃbÞ�Á'Á�Ê Õ Ö�×4ØTÙqÌ�×�Ö4æeÅhÃ�Í�è�½Á�¾ÈøÌ�Ò�Á�¾�ÌhÍqÁgÈ$ÅqÃ�½É�ÊÓÑ~¾�ÌhÀÂÃ@Ç�ÌhÊÂÊi½Åh½�Ì�ÊÂÆ
ÇàÅh¾�ô�Ì�ÐiÅq¼�Ío½�Ì�½ÀÂÅhÃ0Î3Á�¾Á/Ä�¾Á�Æ¿Á'Ão½Á�Ë0ÀÂÃ�âfÌhÐ�ÊÂÁ7ÐoÖ ß�Ö$âfÅ�½�ÌhÊ<¾�ÌhÀÂÃ�Ç�ÌhÊÂÊ4ÅJÒ�Á�¾�½É�Á/ÄiÁ�¾À�ÅoË\¼�Ã�Ë�Á'¾
Ï�ÅhÃ�Æ¿À�Ë�Á�¾�Ì�½ÀÂÅqÃ Ï Ö�Ø}ÛTå�È$ÈT×~ÎVÌ�ÆTÌhÐiÅq¼@½�Ö4Ö�ùúÌhÐiÅJÒ�ÁO½É�Á	ÊÂÅqÃ�Í�è,½Á'¾ÈûÌ�Ò�Á'¾�ÌhÍhÁ Ï Ö2ÐT×}å�È$ÈT×�Ö
Ñ�¼@¾¿½É�Á'¾È$Å�¾Á Õ ½É�ÁTÈ$ÅqÃ�½É�ÊÓÑaË�ÀÂÆ�½¿¾ÀÂÐ�¼�½ÀÂÅhÃRË@ÀZâsÁ�¾Á�ËäÇ8¾ÅqÈ ½É�ÁOÊÂÅhÃ�Íhè,½Á'¾ÈêÌ�Ò�Á'¾�ÌhÍhÁ	Ì�Æ/Î3Á�ÊÂÊ Õ
ÎkÀÓ½ÉåÐiÁ�ÊÂÅ�Î�Ì�Ò�Á'¾�Ì�ÍqÁ�¾�Ì�ÀÂÃ�Ç�Ì�ÊÂÊ�À�Ã�Ñ�Á'Ð�¾¼�ÌJ¾¿Ñ Ï ×4ß$È$ÈT× Õ ÌhÃ�ËmÌhÐiÅJÒ�Á�Ì�Ò�Á'¾�ÌhÍhÁF¾�Ì�ÀÂÃ�Ç�Ì�ÊÂÊ_ÀÂÃå)q¼�Ã�ÁÏ Ö � á/È$ÈT× Õ óg¼�Íq¼�Æ�½ Ï ßTßTØ/È$ÈT×4Ì�Ã�ËzôgÅ�ÒqÁ�È�ÐiÁ'¾ Ï Ù�Ö2Ù/È$ÈT×�Ö_â3É�ÁFÁ9âsÁ�Ï'½.ÅhÇ_Æ¿¼�Ï�ÉmË@Á�ÒoÀ8ÌJ½ÀÂÅqÃ�Æ
Ç8¾ÅqÈø½É�ÁkÊ�ÅhÃ�Í�è�½Á�¾È[Ì�Ò�Á'¾�Ì�ÍqÁãÏ'ÅqÃ�Ë@ÀÓ½À�ÅhÃ�ÆlÅqÃ1Ão¼�½¿¾ÀÂÁ�Ã�½4Åh¼�½Ä�¼�½Æ_À�Æ3Ë�À.ø$Ï�¼�ÊÂ½l½Å~Á�Æ�½�ÌhÐ�Ê�ÀÂÆ¿É Õ Ð�¼�½
ÀÂÆVÏ�ÅhÃ�Æ¿À�Ë�Á'¾Á�ËT½Å�¾Á'È1ÌhÀÂÃ�ÎkÀÓ½É�ÀÂÃT½É�ÁãÁ�¾¿¾Åh¾Æ.ÌhÆ¿Æ¿Å�Ï�À�ÌJ½Á�ËOÎkÀÓ½É�½É�ÁãË�ÀÂÆ¿Ï�É�Ì�¾ÍhÁ�È$Á�ÌhÆ¿¼@¾Á�È$Á�Ã�½Æ
Ì�Ã�Ë�½É�Á~ÌhÃ�Ì�ÊÓÑ@½ÀÂÏ�Ì�ÊßÄ�¾Å�Ï'Á�Ë�¼@¾Á�Æ�Ö Ì ÃOÌqË�Ë�ÀÓ½ÀÂÅqÃ Õ ½É�Á'¾Á�È1Ì�ÑTÐiÁ~Æ¿Ê�ÀÂÍhÉo½.½ÅqÄiÅhÍh¾�Ì�Ä�É�ÀÂÏ�ÌhÃ�ËOÅh¾Å�è
Í�¾�ÌhÄ�É�ÀÂÏVÁdâsÁ�Ï'½Æ_ÌhÆjô�Ì�ÐiÅq¼�Æ�½�Ì�½ÀÂÅqÃ/ÀÂÆ_Æ¿ÀÓ½¼�Ì�½Á�Ë/Ì�½_Ì�ÊÂÅ�Î3Á'¾_Á�ÊÂÁ�ÒhÌ�½ÀÂÅhÃ�½É�Ì�Ã�½É�Ì�Ã�½É�Á�õãÊ�Á'ÅqÊÂÁ�Í�Ì
Ï�ÌJ½Ï�É�È$Á�Ã�½�Ö<â3É�ÁãÐ�ÌhÆ¿ÀÂÏ�É�Ñ�Ë@¾ÅhÊ�ÅhÍqÀÂÏ�Ì�ÊfË�Ì�½�Ì�Ï�ÅhÊÂÊ�Á'Ï'½Á�Ë	ÌJ½V½É�Á�õãÊÂÁ�ÅhÊ�Á'Í�Ì/Ï�ÌJ½Ï�É�È$Á�Ã�½3Î3Á'¾ÁãÃ�Åh½
ÌhË�-�¼�Æ�½Á�Ë�½É�Á'¾Á'Ç�Å�¾ÁqÖ
â3É�Á0Ão¼@½¿¾À�Á'Ão½�Åq¼@½Ä�¼@½�Ç8¾ÅqÈüÌäÏ�Ì�½Ï�É�È$Á�Ã�½1Ç�Å�¾åÌéÍqÀÂÒ�Á�Ã�ÄiÁ'¾ÀÂÅoË�Ï�Ì�Ã>ÐiÁåÅhÐ�½�ÌhÀÂÃ�Á�Ë�ÐoÑ

È�¼�ÊÓ½ÀÂÄ�ÊÓÑ@À�Ã�ÍéË�ÀÂÆ¿Ï�É�ÌJ¾ÍqÁåÎkÀÂ½É=½É�ÁåÌ�Ò�Á'¾�ÌhÍhÁ0Ão¼@½¿¾À�Á'Ão½TÏ�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ�ÆTÅhÇ~½É�Á\Æ�½¿¾Á�ÌhÈ�Î3Ì�½Á'¾
ÆÌ�È$Ä�ÊÂÁ�Æ<Ï�ÅqÊÂÊÂÁ�Ï'½Á�ËTË@¼�¾ÀÂÃ�Íg½É�ÀÂÆ<ÄiÁ'¾ÀÂÅoË Õ Ä@¾Å�ÒoÀ�Ë�Á�Ë�½É�ÌJ½jÚ�¼�Ï'½¼�Ì�½ÀÂÅqÃ�Æ<À�Ã$Ï'ÅqÃ�Ï'Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�Æ_ÎkÀÓ½É
ÒhÌ�¾À�Ì�½ÀÂÅhÃ�Æ$ÀÂÃ=Ë@À�Æ¿Ï�É�ÌJ¾ÍqÁO¾Á'È1ÌhÀÂÃ»Æ¿È1Ì�ÊÂÊ Ï æ*ÀZÕ�Á�Ã�Æm÷ üDýTþqÒ�Õ Ö�×}ÛTÛq×�Ö=ý�É�ÀÂÊ�Æ�½$½É�ÀÂÆ/ÀÂÆ$ÍqÁ�Ã�Á'¾�ÌhÊÂÊÓÑ
½¿¾¼�Á1Ë�¼�¾ÀÂÃ�ÍmÐ�ÌhÆ¿Á9Ú�Å�Î[Ï�ÅhÃ�Ë@ÀÂ½ÀÂÅhÃ�Æ Õ È�¼�Ï�É0Ê�Ì�¾ÍqÁ�¾/ÒhÌ�¾À�Ì�½ÀÂÅqÃ�Æ/ÌJ¾Á�¼�Æ¿¼�ÌhÊÂÊÓÑaÅhÐ�Æ¿Á'¾ÒqÁ�ËaË�¼@¾ÀÂÃ�Í
Æ�½Å�¾È�Ú�Å�Î�Ï�ÅhÃ�Ë�ÀÓ½ÀÂÅqÃ�Æ�ÎkÉ�Á�Ã0Æ�½¿¾Á�ÌhÈ�Ú�Å�Î�Ï�ÅqÃ�Æ¿ÀÂÆ�½ÆFÅ�Ç3Ï�ÅhÃ�½¿¾À�Ð�¼�½ÀÂÅqÃ�Æ�Çà¾ÅhÈDÒqÌJ¾ÀÂÅq¼�Æ�Æ¿Åh¼�¾Ï�Á'ÆÏ,+ ¾¼�À -�ÃbÞ'Á�Á�Ê Õ Ö2×4ØTÙqÌ�ÿ�ýéÌJ¾�Ë Õ Ö�×4Ø � ×�Öjæ4ÌJ¾À�Åh¼�ÆVË@ÀÂÆ¿Ï�É�Ì�¾ÍqÁ���Æ¿ÅqÊÂ¼@½Á�Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ1¾Á�Ê�Ì�½ÀÂÅhÃ�Æ¿É�ÀÂÄ�Æ
É�ÌJÒqÁ/ÐiÁ�Á�ÃaÄ@¾ÅqÄiÅhÆ¿Á�Ë�ÀÂÃ�½É�Á$ÊÂÀÓ½Á'¾�ÌJ½¼�¾Á Ï ã�Ì�ÊÂÊ Õ Ö2×4ÐTØJÿ4)qÅqÉ�Ã�Æ¿ÅhÃ"÷ ü'ý4þqÒÂÕ Ö2×TÐ4Øq×�½ÅmÅJÒ�Á'¾Ï'ÅqÈ$Á
½É�À�Æ<Ä@¾ÅqÐ�ÊÂÁ�È	Ö Ì ÃF½É�Á3Ç�ÅhÊÂÊ�Å�ÎkÀÂÃ�Í~Æ¿Á�Ï�½À�ÅhÃ�Æ<½É�ÁVÏ�É�Á�È$ÀÂÏ�Ì�ÊoÏ�ÅqÈ$ÄiÅhÆ¿ÀÂ½ÀÂÅhÃ$ÅhÇi½É�Á�õãÊ�Á'ÅqÊÂÁ�Í�Ì Ó ¾Á�ÁdÕ
Ë@¼�¾ÀÂÃ�Í�Ð�ÌhÆ¿Á9Ú�Å�Î;Ì�Ã�ËTÆ�½Åh¾È�Ú�Å�Î>Ï�ÅhÃ�Ë�ÀÓ½ÀÂÅqÃ�ÆVÎkÀ�ÊÂÊeÐiÁ~Ë�ÀÂÆ¿Ï�¼�Æ¿Æ¿Á�ËOÆ¿Á�Ä�ÌJ¾�Ì�½Á�ÊÓÑ�Ö

þ�ÿ��������	��
�þ��������������������������������� ��!
+ Ì�Æ¿ÁdÚ�Å�ÎçÆÌhÈ$Ä�ÊÂÁ�ÆfÎ3Á�¾Á3Ï�ÅqÊÂÊÂÁ�Ï'½Á�Ë�ÅJÒ�Á'¾ß½É�Á4Ã�Å�¾È1ÌhÊ�¾�Ì�Ã�ÍqÁ4ÅhÇ�Ð�ÌhÆ¿ÁdÚ�Å�ÎRË@ÀÂÆ¿Ï�É�Ì�¾ÍqÁ Ï á@Ö áJÖ���á@Ö á �
È$È"É ced ×sÌhÃ�Ë�½É�ÁlÌ�Ò�Á�¾�ÌhÍqÁ4Ë�ÀÂÆ¿Ï�É�Ì�¾ÍhÁ3ÌJ½ßÆÌhÈ$Ä�ÊÂÀ�Ã�Í Ï á@Ö á}ß�"
á@Ö áJÖ3È$È>É cfd Õ ¾�Ì�Ã�ÍqÁ�á@Ö áTá4×J�Bá@Ö á4ÙTá
È$ÈøÉ cfd ×lÎ3ÌhÆkÆ¿ÀÂÈ$ÀÂÊ8ÌJ¾g½ÅF½É�ÁãÎ4Á�ÀÂÍqÉ�½Á�Ë	Ì�Ò�Á�¾�ÌhÍqÁ�ÇàÅh¾.½É�ÁãÎkÉ�ÅqÊÂÁ�ÄiÁ'¾ÀÂÅoË*Ölâ3É�Á~ÌJÒqÁ'¾�ÌhÍhÁ�Ï�ÅqÃ@è
Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ�Æ4ÅqÐ�½�Ì�ÀÂÃ�Á�Ë/Çà¾ÅhÈª½É�Á'Æ¿ÁgÆÌ�È$Ä�ÊÂÁ�Æ3ÌJ¾ÁãÄ@¾Á�Æ¿Á�Ã�½Á�Ë$ÀÂÃ�âfÌhÐ�ÊÂÁ{Ö2Ù@ÖZÖ2ßoÖ Ó ÅqÃ�Ï'Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�Æ
Å�Ç Ô õ ö Õ ½Åh½�Ì�Ê ÔßÕ ógÊ Õ ÌhÃ�Ë�½Å0ÌmÊÂÁ�Æ¿Æ¿Á'¾/Á'&o½Á�Ã�½�ô
õ � Ì�Ã�Ë�½Å�½�ÌhÊ�ô Õ Î3Á'¾Á�ÅhÇ8½Á�ÃäÐiÁ�ÊÂÅJÎø½É�Á
Ë@Á'½Á�Ï'½ÀÂÅqÃTÊÂÀÂÈ$ÀÂ½ÆkÌ�Ã�Ë$½É�Á.¾Á�Æ¿¼�ÊÓ½ÀÂÃ�Í�ÌJÒqÁ'¾�ÌhÍhÁ�ÆkÈ�¼�Æ�½l½É�Á'¾Á�Ç�Åh¾ÁãÐiÁg½Å�Å/É�À�ÍhÉeÖ_â3É�Á�Ë�ÅhÈ$ÀÂÃ�ÌhÃ�½
ÀÂÅqÃTÀÂÃ1Æ�½¿¾Á�ÌhÈ�Ú�ÅJÎ»ÎVÌ�Æ�ã Ó õ � Õ ÎkÉ�À�Ï�É�ÌhÏ�Ï�Åh¼�Ã�½Á�Ë/Ç�Å�¾�ßT×qù9Å�Çf½É�Á.Æ¿¼�È9ÅhÇeÀÂÅqÃ�Æ Õ ÇàÅqÊÂÊÂÅ�Î3Á�ËTÐoÑ
ÍoÀ Ï ßTÙqù/× Õ ô�Ì Ï ßTßqù/× ÕPÓ Ê Ï ×�ù/× ÕJû Í Ï Ø�ù�× Õ Íbõ ö Ï � ù�× Õ ÌhÃ�Ë Ó Ì Ï Ùqù/×�Ö Ó ÅqÃ�½¿¾ÀÂÐ�¼@½ÀÂÅqÃ�Æ_½Å�½É�Á
Æ¿¼�È Å�Ç_À�ÅhÃ�ÆgÐoÑT½É�Á~Å�½É�Á'¾gÏ�ÅqÃ�Æ�½ÀÓ½¼�Á�Ã�½ÆkÎ3Á'¾ÁFÊÂÁ�Æ¿Æã½É�Ì�Ã$ÖJù1Öãâ3É�Á~Æ�½�ÌhÃ�Ë�Ì�¾�ËmË@Á�ÒoÀ8ÌJ½ÀÂÅqÃ�ÆgÅhÇ
½É�ÁFÏ'ÅqÃ�Ï'Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�Æ�ÅhÇ_½É�ÁFÈ1ÌJ-zÅh¾ãÀ�ÅhÃ�ÆãÎ4Á'¾Á~ÎkÀÂ½É�ÀÂÃ Õ Åh¾�Ï�ÊÂÅqÆ¿Á�½Å Õ ½É�Á�¾�ÌhÃ�ÍqÁ�ÅhÇ4ÌhÃ�Ì�ÊÓÑ@½ÀÂÏ�Ì�Ê
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P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHEC

Pre-cyclone Baseflow, December 25, 1989 - November 26, 1990
0.020.080.180.350.0613.70.020.167.4736.326.190.222.793.820.2410.546.6291Mean
0.010.050.040.060.030.60.010.130.742.210.310.170.210.220.110.230.104SD

202016162020191920202020202020202020n

0.90.55.77.81.01460.60.98.66.25.00.828.655.01.617.21.212.3Q/P ratio

Pre-cyclone Stormflow, January 14 - November 27, 1990
0.020.090.140.290.0512.20.020.686.8231.026.070.182.633.630.819.646.5887Mean
0.000.060.050.100.061.40.021.110.764.510.680.120.420.440.380.580.137SD

232323232323232323232323232323232323n

Comparison between pre-cyclone baseflow (A) and stormflow (B) concentrations
nsns>***>**ns>***ns<**>***>***nsns>*>*<***>***>*>**A <> B

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

Á'¾¿¾Åh¾Æ Ï âßÌhÐ�Ê�ÁnÖ2ÙoÖ ßh×�Ö�â3É�Á�Ð�ÌhÆ¿ÁdÚ�Å�ÎMÏ�ÅqÈ$ÄiÅhÆ¿ÀÂ½ÀÂÅhÃ0È1Ì�ÑO½É�Á'¾Á'ÇàÅh¾Á/ÐiÁ�Ï�ÅqÃ�Æ¿À8Ë@Á'¾Á�ËåÏ�ÅqÃ�Æ�½�ÌhÃ�½
Ë�¼@¾À�Ã�Íg½É�ÁVÄ�¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�Á3ÄiÁ'¾ÀÂÅoË Õ ÌhÊÓ½É�Åh¼�ÍqÉ/ÌãÆ¿Á�ÌhÆ¿ÅhÃ�Ì�Ê�½¿¾Á�Ã�ËFÏ�Åq¼�Ê�Ë�ÐiÁVÅqÐ�Æ¿Á'¾Ò�Á�Ë~ÎkÀÂ½É�Æ¿ÅqÈ$Á'è
ÎkÉ�ÌJ½gÊÂÅ�Î3Á�¾ã½É�Ì�ÃmÌ�Ò�Á'¾�Ì�ÍqÁ~Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ�Ë@¼�¾ÀÂÃ�Í�½É�Á�Î3Á�½ãÆ¿Á�Ì�Æ¿ÅqÃ Õ ÌhÃ�ËOÆ¿ÅqÈ$Á'ÎkÉ�Ì�½gÉ�ÀÂÍqÉ�Á'¾
Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ.Ë�¼@¾À�Ã�Í�½É�Á~Ë@¾¿ÑTÆ¿Á�ÌhÆ¿ÅhÃeÖ
â3É�Á�¾�Ì�½ÀÂÅ	ÅhÇ4Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ~ÀÂÃ0Æ�½¿¾Á�Ì�È�Ú�Å�Î Ï10 ×.½ÅT½É�ÅqÆ¿Á�À�Ã\¾�ÌhÀÂÃ�Ç�ÌhÊÂÊ Ï�Ô ×ãÄ@¾Å�ÒoÀ�Ë�Á'Æ�Ì

ÍqÅ�ÅoË	ÀÂÃ�Ë@ÀÂÏ�Ì�½ÀÂÅqÃmÅ�Ç<É�Å�Î>½É�Á�Ï�ÅhÈ$ÄiÅqÆ¿ÀÓ½ÀÂÅqÃmÅhÇ�½É�Á�ÎVÌJ½Á'¾�ÀÂÆ.ÌhÊÓ½Á'¾Á�ËOÎkÉ�Á�ÃmÄ�Ì�Æ¿Æ¿ÀÂÃ�Í/½É�¾Åh¼�ÍhÉ
½É�Á�Á'Ï�ÅqÆ�Ñ@Æ�½Á�È Ï æ*ÀqÕqÁ�Ã�Æ�÷ ü�ýTþqÒ�Õ Ö�×}ÛTÛq×�ÖMÜ_ÒhÌhÄiÅ�½¿¾�ÌhÃ�Æ¿Ä�ÀÓ¾�Ì�½ÀÂÅqÃO¾Á�Ë�¼�Ï'Á�Ë�½É�Á�ÌhÈ$Åq¼�Ã�½VÅhÇ�Î3Ì�½Á'¾
ÊÂÁ�Ì�Ò@ÀÂÃ�Í.½É�Á�õãÊÂÁ�ÅqÊÂÁ�ÍqÌãÏ�ÌJ½Ï�É�È$Á�Ã�½ßÐ�Ñ~ÌVÇ�ÌhÏ�½Åh¾�Ð@Ö � Ï ÍoÁ�Ï'½ÀÂÅqÃ�Ø@Ö Ùq×fÏ�ÅqÈ$Ä�Ì�¾Á�Ë�½Å.¾�Ì�ÀÂÃ�Ç�Ì�ÊÂÊ�ÀÂÃ�Ä�¼�½�ÖÌ Ç<½É�ÀÂÆ.Î3Åq¼�Ê�Ë\ÐiÁ~½É�Á~ÅqÃ�ÊÓÑmÄ�¾Å�Ï�Á'Æ¿Æ~ÌhÏ'½ÀÂÃ�Í1½Å1Ï�É�ÌhÃ�ÍqÁ~½É�ÁFÏ�ÅqÈ$ÄiÅhÆ¿ÀÂ½ÀÂÅhÃ0Å�Çl½É�ÁF¾�Ì�À�ÃmÎ3Ì�½Á'¾
½É�Á�ÃOÏ�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�ÆgÀÂÃmÆ�½¿¾Á�Ì�È�Ú�Å�Î"Î3Åh¼�Ê�ËmÌhÊÂÊßÀÂÃ�Ï�¾Á�ÌhÆ¿ÁFÐ�ÑOÌ�Ç�ÌhÏ'½Å�¾'ÐoÖ � Ö.â3É�Á 032TÔ ¾�Ì�½ÀÂÅqÆ
Ç�Å�¾�ã Ó õ � ÌhÃ�Ë û ÃOÎ3Á�¾Á�Ç�ÌhÀÓ¾ÊÓÑ	Ï'Ê�ÅhÆ¿Á�½Å�½É�ÀÂÆkÒqÌ�ÊÂ¼�Á Õ Ð�¼@½V½É�Áã¾�ÌJ½À�ÅhÆ.ÇàÅh¾.½É�Á�Å�½É�Á'¾.ÀÂÅqÃ�Æ.Ë�Á'è
ÒoÀ8ÌJ½Á�ËOÆ¿¼�Ð�Æ�½�ÌhÃ�½À�ÌhÊÂÊÓÑ Õ ÀÂÃ�Ë�ÀÂÏ�Ì�½ÀÂÃ�Í/½É�Ì�½gÅh½É�Á'¾.Ä�¾Å�Ï�Á'Æ¿Æ¿Á�Æ Ï ÷ Ò 4BÒ Î4Á�Ì�½É�Á'¾ÀÂÃ�Í Õ Ð�ÀÂÅqÍhÁ�Å�Ï�É�Á�È$ÀÂÏ�Ì�Ê
Ä�¾Å�Ï�Á'Æ¿Æ¿Á�Æ�×4Î3Á'¾Á~Ì�Ï'½ÀÂÃ�Í�½Å�Ï�É�ÌhÃ�ÍhÁã½É�ÁgÏ�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�ÆkÅhÇß½É�Á�Æ¿Á�ÀÂÅqÃ�Æ�Ölâ3É�Á 032�Ô ¾�Ì�½ÀÂÅhÆkÇàÅh¾
( Õ ô�ã
ö$ÌhÃ�Ë�½Åh½�Ì�Ê�ôªÎ3Á�¾Á�ÊÂÅ�Î Õ Æ¿¼�ÍqÍhÁ�Æ�½ÀÂÃ�Ím½É�ÌJ½�½É�Á�Æ¿Á1ÀÂÅqÃ�ÆFÎ3Á'¾ÁTÌ�Ï�Ï�¼�È�¼�Ê�Ì�½ÀÂÃ�ÍmÀ�Ãa½É�Á
Ï�Ì�½Ï�É�È$Á'Ão½ Õ Ä@¾Á�Æ¿¼�È1Ì�Ð�ÊÓÑåÀÂÃ0½É�Á�Ä�ÀÂÃ�Á/Ð�ÀÂÅqÈ1ÌhÆ¿Æ�ÇàÅh¾~½É�ÀÂÆ~Ì�Ï'½ÀÂÒ�Á�ÊÓÑ�Í�¾Å�ÎkÀ�Ã�ÍOÇ�Å�¾Á�Æ�½�ÖzÍ@ÀÂÈ$ÀÂÊ�Ì�¾
¾�Ì�½ÀÂÅqÆ�Î3Åq¼�Ê�ËçÐiÁTÁ'&@ÄiÁ�Ï'½Á�ËaÇàÅh¾<ô
õ � Õ�Ô õ ö Ì�Ã�Ëa½Åh½�Ì�Ê ÔßÕ ÌhÆ�½É�Á�Æ¿Á�Ï'ÅqÃ�Æ�½ÀÓ½¼�Á�Ã�½Æ/Ì�¾ÁOÌhÊÂÆ¿Å
Æ�½¿¾ÅqÃ�ÍqÊÓÑ\À�ÃJÚ�¼�Á�Ã�Ï�Á�Ë\Ð�Ñ\Ð�ÀÂÅqÊÂÅhÊ�ÅhÍqÀÂÏ�Ì�Ê3Ä�¾Å�Ï�Á'Æ¿Æ¿Á�Æ Ï ýaÌ�¾ÀÂÃ�ÍOÌhÃ�Ë�Í@Ï�É�ÊÂÁ�Æ¿ÀÂÃ�ÍqÁ'¾ Õ Ö2×4Ø4åq× Õ Ð�¼�½~Ã�Å
Ï�ÅqÃ�Ï�ÊÂ¼�Æ¿ÀÂÅqÃ�Æ�Ï�Åh¼�Ê�ËaÐiÁTË@¾�Ì�ÎkÃéÀÂÃa½É�ÀÂÆ~¾Á�Æ¿ÄiÁ�Ï'½�ÐiÁ�Ï�Ìh¼�Æ¿Á$½É�Á�ÀÓ¾�Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�Æ�Î4Á'¾Á�ÐiÁ'Ê�Å�Î
½É�ÁkË@Á'½Á�Ï'½ÀÂÅqÃ$ÊÂÀÂÈ$ÀÓ½ÆlÀÂÃ/ÐiÅ�½É/¾�ÌhÀÂÃ�Ç�ÌhÊÂÊiÌ�Ã�Ë/Æ�½¿¾Á�Ì�ÈMÎ3Ì�½Á'¾�Ö_â3É�ÁkÆÌhÈ$ÁVÎVÌ�Æ_½¿¾¼�ÁkÇàÅh¾MógÊ�Ö 032�Ô
¾�Ì�½ÀÂÅqÆVÇàÅh¾wÍ@À Õbû Í ÕHÓ Ì�ÌhÃ�ËUôãÌFÎ3Á�¾Á�É�ÀÂÍqÉ Õ É�ÅJÎ4Á�Ò�Á'¾ Õ ÀÂÃ�Ë@ÀÂÏ�Ì�½ÀÂÃ�Í�½É�Ì�½V½É�Á�Æ¿Á�Ão¼�½¿¾ÀÂÁ�Ã�½Æ4Î4Á'¾Á
ÊÂÁ�ÌhÏ�É�Á�Ë/Ç8¾ÅqÈø½É�ÁkÏ�Ì�½Ï�É�È$Á�Ã�½�Ößâ3É�ÁãÈ$ÅhÆ�½4ÊÂÀZÕ�Á�ÊÓÑ$Æ¿Åh¼�¾Ï�Á.ÅhÇ*½É�Á'Æ¿ÁgÁ�ÊÂÁ�È$Á'Ão½ÆlÀÂÆlÎ3Á�Ì�½É�Á�¾À�Ã�Í�Å�Ç
½É�Á�Ä�Ì�¾Á�Ã�½V¾Å�Ï=ÕOÌ�Ã�ËTÄ�¾ÀÂÈ1Ì�¾¿ÑTÈ$ÀÂÃ�Á'¾�Ì�ÊÂÆ.ÀÂÃT½É�Á�Æ¿ÅhÀ�Ê Ï Í@Á�Ï�½À�ÅhÃ � Ö � ×�Ö

Ô ¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�Á/Ë�Ì�½�ÌTÅqÃ\½É�Á�Ï�É�Á'È$À�Æ�½¿¾¿ÑåÅ�Ç4½É�Á/Ð�Ì�Æ¿ÁdÚ�Å�Î�Çà¾ÅhÈD½É�Á�õãÊ�Á'ÅqÊÂÁ�Í�Ì	Ï�Ì�½Ï�É�È$Á�Ã�½ Õ
ÌhÃ�Ë�Çà¾ÅhÈ Æ¿Á'Ò�Á'¾�ÌhÊeÅh½É�Á'¾gÇàÅh¾Á�Æ�½Á�ËmÌhÃ�Ë	Í�¾�ÌhÆ¿Æ¿Ê�ÌhÃ�Ë	Ï�Ì�½Ï�É�È$Á'Ão½ÆkÀÂÃO½É�Á�ÆÌhÈ$ÁFÌ�¾Á�Ì Õ Ï�ÅhÊ�ÊÂÁ�Ï�½Á�Ë
Ë�¼@¾À�Ã�Í�½É�Á.Ë@¾¿Ñ�Æ¿Á�Ì�Æ¿ÅqÃ1ÅhÇjÖ2×T×4á Õ ÌJ¾ÁgÍhÀÂÒ�Á�Ã1ÀÂÃ1âßÌhÐ�Ê�Á�Ö2ÙoÖZÖ2Ù@Ölâ3É�ÁgË�Ì�½�Ì�Ï�ÊÂÁ�ÌJ¾ÊÂÑ/À�Ã�Ë�ÀÂÏ�ÌJ½Á.½É�Ì�½
Ì�âsÅ�¾Á�Æ�½�Ì�½ÀÂÅqÃ	Ë�À�Ë�Ã�Åh½V¾Á�Æ¿¼�ÊÂ½.ÀÂÃOÆ¿ÀÂÍhÃ�ÀÓ��Ï�Ì�Ã�½kÏ�É�ÌhÃ�ÍhÁ�ÆkÀÂÃ�½É�ÁãÐ�ÌhÆ¿Á9Ú�Å�Î>Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�ÆkÅhÇ�( Õ
âfÅh½�Ì�Ê�ô Õ ô'õ � Õ�Ô õ ö Õ âfÅh½�Ì�Ê Ô ÌhÃ�Ë û Ã Ï6587 áoÖ á}åq×�Ö�âfÅ�½�ÌhÊ Ô Î3ÌhÆã-z¼�Æ�½$Ì�ÐiÅJÒ�Á1Åh¾/ÐiÁ'Ê�Å�Î
½É�ÁgË�Á'½Á'Ï'½ÀÂÅqÃTÊ�ÀÂÈ$ÀÓ½kÌJ½kÌhÊÂÊsÆ¿ÀÓ½Á�ÆVÌhÃ�ËTÁ�&�ÄiÅ�¾¿½Æ3ÅhÇ*½É�ÀÂÆ3Á'Ê�Á'È$Á�Ã�½VÌ�¾Ág½É�Á'¾Á'ÇàÅh¾Á�ÊÂÅ�Î�ÐiÅ�½ÉTÇ8¾ÅqÈ
Íh¾�Ì�Æ¿Æ¿Ê8Ì�Ã�Ë"ÌhÃ�ËRÇ�Å�¾Á�Æ�½	Ï�ÌJ½Ï�É�È$Á�Ã�½Æ�Ö Ó ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�ÆOÅ�Ç{ôwã
öOÎ4Á'¾Á\Æ¿À�ÍhÃ�ÀÓ��Ï�ÌhÃ�½ÊÓÑ�É�ÀÂÍqÉ�Á'¾
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¾�Ày¸�½�¿~À ½>��»}¿�Áyò'¸o� �z�$w�¼Ó�<����º�·9¸���¿�»��Fx�¼�Á�¿é��½RQ�¿�»��Fx�¼�Á�¿2ÀTS4Á¿�ä{�¸B¼ ¼�Á�{�¾tÁ�Â�»B¾~}B»B·2Ày¸�¹�¿
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P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

Pre-cyclone baseflow Oleolega Creek, Forested, A
0.020.070.190.360.0412.40.020.287.435.06.50.182.93.90.3610.26.6191Average
0.000.060.060.100.011.10.020.270.73.40.60.170.20.20.180.70.164SD

555555555555554555n

Pre-cyclone baseflow Oleolega Creek, downstream at Junction with Kubuna Creek, Forested, B
0.020.040.020.050.049.80.010.157.482.09.30.3112.08.30.4512.36.90161Average
0.000.020.000.030.010.40.010.090.75.40.50.230.80.50.060.70.0910SD

555555555554555555n

Pre-cyclone Naruku Creek, Forested, C
0.020.121.011.610.1510.00.010.569.550.410.30.466.75.10.7012.46.47131Average
0.000.090.292.050.141.70.000.584.911.01.00.311.51.10.741.00.1726SD

222233333333333333n

Pre-cyclone baseflow Ividamu Creek, Grassland, D
0.020.110.711.220.0710.10.040.252.463.512.60.166.25.90.5714.46.39137Average
0.000.110.651.030.071.20.020.321.312.51.20.041.81.20.470.70.2115SD

555555555555555555n

Significance of differences between means
nsns>***>***ns>***nsnsns<***<***ns<***<***ns<***<***<***A<>B
nsns<***ns<*>**nsnsns<**<***<*<***<**ns<***ns<**A<>C
nsns<*<*ns>**nsns>***<***<***ns<***<***ns<***>*<***A<>D
nsnsnsnsnsns<*ns>**ns<**>**nsnsns<***nsnsC<>D

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01
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ÀÂÃRÐ�Ì�Æ¿ÁY��Å�Î Çà¾ÅhÈû½É�ÁOÇ�Å�¾Á�Æ�½Á�Ë��ãÌ�¾¼��o¼»Ï�Ì�½Ï�É�È$Á�Ã�½/½É�ÌhÃçÇà¾ÅqÈ¤½É�Áu�zÒoÀ�Ë�Ì�È�¼çÍh¾�ÌhÆ¿Æ¿Ê�Ì�Ã�Ë
Ï�Ì�½Ï�É�È$Á'Ão½�Ö��ãÅ�Î3Á'Ò�Á'¾ Õ ½É�ÀÂÆVÈ1Ì�Ñ$¾ÁY��Á'Ï'½VÊÂÅ�Ï�ÌhÊ*Ç�Ì�Ï'½Åh¾ÆkÐiÁ�Ï�Ì�¼�Æ¿Áã½É�Á�Ë�À��sÁ'¾Á'Ã�Ï�ÁgÐiÁ'½zÎ4Á�Á�Ã�½É�Á
È$Á�ÌhÃ�ÆãÇ�Å�¾�½É�Á��ãÊÂÁ�ÅhÊÂÁ�Í�Ì	Ì�Ã�ËE�zÒoÀ�Ë�ÌhÈ�¼åÏ�Ì�½Ï�É�È$Á�Ã�½Æ.Î3Á'¾Á$Ã�Åh½�Æ¿ÀÂÍqÃ�À���Ï�Ì�Ão½�Ö���À��sÁ'¾Á�Ã�Ï'Á�Æ�ÀÂÃ
½É�Á*�OÍ0ÌhÃ�Ë��3ÌåÏ�ÅhÃ�Ï�Á�Ã�½¿¾�ÌJ½À�ÅhÃ�Æ�Ç8¾ÅqÈ ½É�Á���ÌJ¾¼��o¼äÌhÃ�Ë��ÙÒoÀ8Ë�ÌhÈ�¼aÏ�Ì�½Ï�É�È$Á'Ão½Æ�Î4Á'¾ÁOÃ�Åh½
Æ¿ÀÂÍqÃ�À���Ï�ÌhÃ�½ Õ Æ¿¼�ÍqÍhÁ�Æ�½ÀÂÃ�Í1ÌhÍqÌhÀÂÃ	½É�ÌJ½k½É�Á�ÀÂÈ$Ä�Ì�Ï'½.ÅhÇ<Ìg�sÅh¾Á�Æ�½�ÌJ½À�ÅhÃåÅqÃO½É�Á�Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�ÆgÅ�Ç
½É�Á�Æ¿Á$Ão¼@½¿¾À�Á'Ão½Æ~ÀÂÃéÐ�Ì�Æ¿ÁY��Å�ÎøÎVÌhÆFÃ�Á'ÍqÊÂÀÂÍqÀÂÐ�ÊÂÁ Õ ÌhÃ�Ë0½É�ÌJ½�½É�Á$ÅqÐ�Æ¿Á�¾Ò�Á�ËaË@À��sÁ�¾Á�Ã�Ï�Á'Æ�Ç�Å�¾�½É�Á
Åh½É�Á'¾kÆ¿ÀÓ½Á�ÆgÈ�¼�Æ�½VÐiÁ~Ë@¼�Áã½Å/Ë�À��sÁ'¾Á�Ã�Ï�Á�ÆkÀÂÃOÍqÁ'ÅqÊÂÅqÍ�Ñ Õ ¾�Ì�½É�Á'¾k½É�Ì�ÃOÒ�Á�ÍhÁ'½�Ì�½ÀÂÅhÃeÖ

�ãÅ�Î4Á�Ò�Á'¾ Õ Ï'ÅqÃ�Ï'Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�ÆTÅ�Ç:���e��À�Ã»Ð�Ì�Æ¿ÁY��Å�Î Çà¾ÅhÈú½É�ÁOÇàÅh¾Á�Æ�½Á�Ë»Ï�Ì�½Ï�É�È$Á�Ã�½Æ�Î4Á'¾Á
Æ¿ÀÂÍqÃ�À���Ï�ÌhÃ�½ÊÓÑOÉ�ÀÂÍqÉ�Á�¾.½É�ÌhÃT½É�ÅqÆ¿Á�Ç8¾ÅqÈ[½É�Á�Í�¾�ÌhÆ¿Æ¿Ê�ÌhÃ�Ë	Ï�Ì�½Ï�É�È$Á'Ão½ Õ ÎkÉ�Á'¾Á�ÌhÆ.Ï�ÅhÃ�Ï�Á�Ã�½¿¾�ÌJ½À�ÅhÃ�Æ
ÅhÇ$�ãÌmÌhÃ�Ë,�4Ê4Î3Á'¾Á1Æ¿ÀÂÍqÃ�À���Ï�Ì�Ão½ÊÓÑ�Ê�Å�Î4Á'¾�Ö\â3É�Á�Æ¿ÁTË@À��sÁ�¾Á�Ã�Ï�Á'Æ�Ï�Åh¼�Ê�ËaÃ�Å�½�ÐiÁ1ÌJ½¿½¿¾ÀÂÐ�¼�½Á�Ë�½Å
Ë�À��sÁ'¾Á�Ã�Ï�Á�ÆlÀ�Ã1ÍhÁ�ÅqÊÂÅqÍ�ÑTÌhÃ�Ë1È�¼�Æ�½_½É�Á'¾Á�Ç�Åh¾Á.¾ÁY��Á'Ï'½VË@À��sÁ�¾Á�Ã�Ï�Á'Æ4ÀÂÃ$½É�Á.Ð�ÀÂÅqÍhÁ�Å�Ï�É�Á�È$ÀÂÏ�ÌhÊiÄ@¾Åhè
Ï�Á�Æ¿Æ¿Á�Æ<ÀÂÃ~Ç�Åh¾Á'Æ�½4Ì�Ã�ËFÍh¾�ÌhÆ¿Æ¿Ê�Ì�Ã�Ë*Ö�ý=É�ÀÂÊÂÆ�½�½É�Ál¾ÀÂÆ¿ÁVÀÂÃ��]�e�lÏ�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ/È$ÀÂÍqÉ�½�ÐiÁ_¾Á�Ê�Ì�½Á�ËF½Å
É�ÀÂÍqÉ�Á'¾VÐ�ÌhÏ'½Á'¾ÀÂÅhÊ�ÅhÍqÀÂÏ�Ì�ÊßÌhÏ�½À�ÒoÀÓ½zÑ1ÀÂÃ1½É�Á.Ç�Åh¾Á'Æ�½Á�ËOÌJ¾Á�ÌhÆV½É�ÁãË@¾ÅhÄTÀÂÃ*��ÌFÌhÃ�Ë�4ÊsÀÂÆVÈ$Åh¾ÁãË�ÀÓÇàè
��Ï�¼�ÊÓ½3½Å�Á�&�Ä�Ê�ÌhÀÂÃeÖ��.Ç8½Á'¾kÌ�Ê�Ê Õ Ì�ÄiÅhÆ¿ÀÂ½ÀÂÒ�ÁãÏ�É�ÌhÃ�ÍhÁãÎ3Åh¼�Ê�Ë1É�Ì�Ò�ÁãÐiÁ'Á�ÃOÁ'&@ÄiÁ�Ï�½Á�ËTÀÂÃTÒoÀ�Á�Î"ÅhÇf½É�Á
Ê�Ì�¾ÍqÁ�¾�½¿¾�ÌhÄ�Ä�ÀÂÃ�Í1ÁY�$Ï�ÀÂÁ�Ã�Ï'ÑmÇ�Å�¾�È1Ì�¾ÀÓ½ÀÂÈ$Á�ÌhÁ'¾ÅhÆ¿ÅqÊÂÆ~ÅhÇ_½É�Á�ÇàÅh¾Á�Æ�½�Ï�ÌhÃ�ÅqÄ�Ñ��H� ìc� �@Á�Ï'½ÀÂÅhÃ��.�@Ö �
ÅqÃ/½É@¾Åq¼�ÍhÉ�Ç�ÌhÊÂÊ�Ï�É�Á�È$ÀÂÆ�½¿¾¿Ñ�×�Ö�â3É�Á.ÅhÃ�ÊÓÑ/Áo��Ä�Ê�ÌhÃ�ÌJ½ÀÂÅqÃ$½É�ÌJ½4ÅhÃ�ÁkÀÂÆ4ÊÂÁ'Çà½lÎkÀÓ½É1Ì�½3Ä@¾Á�Æ¿Á�Ã�½<Î3Åh¼�Ê�Ë
ÐiÁ1ÌhÏ�Ï'¼�È�¼�Ê�Ì�½ÀÂÅqÃaÅ�Ç$��Ì	Ì�Ã�Ë~�4ÊlÀÂÃ�½É�Á$Ð�À�ÅhÈ1ÌhÆ¿ÆFÅhÇV½É�Á/Ç�Åh¾Á'Æ�½�Ð�¼�½~Î3Á1Ê�ÌhÏ��\½É�Á1Ë�ÌJ½�ÌO½Å
Æ¿¼�Ð�Æ�½�ÌhÃ�½À�Ì�½Áã½É�À�ÆkÆ¿¼�Ä�ÄiÅqÆ¿ÀÓ½ÀÂÅqÃ*Ö

�äÆ¿Á�ÌhÆ¿ÅhÃ�ÌhÊo½¿¾Á�Ã�Ë�Î3ÌhÆ�ÅhÐ�Æ¿Á'¾Ò�Á�ËFÀÂÃ~½É�Á4Ä@¾Á'è*ÌhÃ�ËFÄiÅhÆ�½¿è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁlÐ�Ì�Æ¿ÁY��Å�ÎäÏ�ÅhÃ�Ï�Á�Ã�½¿¾�ÌJ½À�ÅhÃ�Æ
ÅhÇ<��� � Õ âeÅh½�ÌhÊF� ÌhÃ�Ë�  Çà¾ÅhÈ ½É�ÁåÍh¾�ÌhÆ¿Æ¿Ê�Ì�Ã�Ë"Ï�Ì�½Ï�É�È$Á�Ã�½ Õ ÎkÀÓ½É�¾Á�Ê�Ì�½ÀÂÒ�Á�ÊÓÑ�É�ÀÂÍqÉ�ÊÂÁ�Ò�Á�ÊÂÆ
Ì�½�½É�Á\Á�Ã�Ë�ÅhÇF½É�Á0Ë@¾¿ÑRÆ¿Á�ÌhÆ¿ÅhÃ Õ Ì�Ã�Ë�ÊÂÅ�Î Ê�Á'Ò�Á�ÊÂÆmÌ�½�½É�Á\Á�Ã�Ë�Å�Ç�½É�Á\Î4Á'½mÆ¿Á�Ì�Æ¿ÅqÃeÖ â3É�Á
Ä�ÌJ½¿½Á'¾ÃäÏ�Åh¾¿¾Á�Æ¿ÄiÅhÃ�Ë@Á�ËäÎkÀÓ½Éä½É�Á�Æ¿Á�ÌhÆ¿ÅhÃ�ÌhÊkÍ�¾ÅJÎV½É»Ä�ÌJ½¿½Á'¾ÃäÅhÇã½É�Á�Í�¾�ÌhÆ¿Æ¿Ê�ÌhÃ�Ë»Ò�Á'ÍqÁ'½�ÌJ½À�ÅhÃ
�1�4É�Ì�Ä�½Á'¾3�.¡�×�Ö{�ãÅ/Æ¿¼�Ï�ÉT½¿¾Á�Ã�Ë@Æ3Î3Á'¾Á~ÅhÐ�Æ¿Á'¾Ò�Á�ËTÇ�Å�¾g½É�ÁãÇ�Å�¾Á�Æ�½Á�Ë	Ï�ÌJ½Ï�É�È$Á�Ã�½Æ�Ö

¥_¦¯Â�§JÂÙ¦ õ ·~®l¶��ößïVº õ ³g¶¢²$³g´�«s³.¯ ³kµ~¢ã«�³.¬*¶¢ð�³lñ
â3É�Á�Ì�Ò�Á'¾�ÌhÍhÁ/Ï�É�Á�È$ÀÂÏ�Ì�ÊßÏ�ÅqÈ$ÄiÅhÆ¿ÀÓ½À�ÅhÃ0Å�Ç4Æ�½Å�¾È���Å�Î�ÀÂÆ�È�¼�Ï�ÉmÉ�Ì�¾�Ë@Á'¾ã½ÅTÁ�Æ�½�Ì�Ð�ÊÂÀÂÆ¿É Õ ÐiÁ�Ï�Ì�¼�Æ¿Á
Æ�½Åh¾È���ÅJÎ[À�ÆTÌ\È$À��o½¼@¾Á�Å�Ç�Ð�Ì�Æ¿ÁY��Å�Î Õ Ï�É�Ì�Ã�Ã�Á'Ê.Ä@¾Á�Ï�ÀÂÄ�ÀÓ½�ÌJ½À�ÅhÃ=Ì�Ã�Ë»ÒhÌ�¾ÀÂÅh¼�Æ$Åh½É�Á'¾1Ï�ÅhÃo½¿¾ÀÓè
Ð�¼@½À�ÅhÃ�Æ/Ç8¾ÅqÈ¤½É�ÁmÉ�À�ÊÂÊÂÆ¿ÊÂÅqÄiÁ£��÷ � 4l� ÆÌJ½¼�¾�Ì�½Á�Ë�ÌhÃ�Ë£�ãÅ�¾¿½ÅqÃ�À�Ì�Ã�Å�ÒqÁ'¾Ê�ÌhÃ�Ë£��Å�Î Õ Æ¿¼�Ð�Æ¿¼�¾¿Ç�Ì�Ï�Á
Æ�½Åh¾È���ÅJÎg×�Ö,¤�¼�¾¿½É�Á'¾È$Åh¾Á Õ ½É�Á1Ï�ÅqÃ�½¿¾ÀÂÐ�¼@½ÀÂÅqÃçÅhÇgÁ�ÌhÏ�ÉäÅhÇ.½É�Á�Æ¿ÁTÏ�ÅqÈ$ÄiÅhÃ�Á�Ã�½Æ�À�Æ�ÊÂÀ¥�qÁ�ÊÓÑé½Å
Ï�É�ÌhÃ�ÍqÁ	ÎkÀÓ½É"ÌhÃ�½Á�Ï�Á�Ë�Á�Ã�½1È$ÅqÀÂÆ�½¼@¾ÁmÏ�ÅqÃ�Ë�ÀÓ½ÀÂÅqÃ�Æ Õ Æ�½Å�¾È Æ¿À�¦�Á Õ ¾�Ì�ÀÂÃ�Ç�Ì�ÊÂÊ�ÀÂÃo½Á'Ã�Æ¿ÀÓ½zÑ Õ Ì�Ã�Ë»½É�Á
Ì�¾Á�Ì�Ê<Ë�ÀÂÆ�½¿¾ÀÂÐ�¼@½À�ÅhÃåÅhÇ_¾�ÌhÀÂÃ�Ç�ÌhÊÂÊ Õ ¾Á'Æ¿¼�ÊÓ½ÀÂÃ�ÍTÀ�Ãm¾Á�Ê�ÌJ½À�ÒqÁ�ÊÓÑmÊ�Ì�¾ÍqÁ�ÒqÌJ¾À8ÌJ½ÀÂÅqÃ�ÆgÀÂÃ\Æ�½¿¾Á�ÌhÈ���Å�Î�À�ÅhÃ
Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ$Ë@¼�¾ÀÂÃ�Í0Ì\Æ�½Å�¾È	ÖçâfÅ\Ï�ÅqÈ$Ä�Ê�ÀÂÏ�ÌJ½ÁO½É�ÁTÈ1Ì�½¿½Á�¾�Ç�¼@¾¿½É�Á'¾ Õ ½É�Á�ÒqÌJ¾ÀÂÅq¼�Æ�À�ÅhÃ�Æ
¾Á�Æ¿ÄiÅqÃ�Ë0Ë@À��sÁ'¾Á�Ã�½ÊÓÑ	½ÅOÏ�É�Ì�Ã�ÍqÁ'Æ�ÀÂÃ\½É�Á/Ë�ÀÂÆ¿Ï�É�ÌJ¾ÍqÁ Õ ÌhÃ�Ë\ÀÂÅqÃ0Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ�Ç�Å�¾FÌTÆ¿ÄiÁ'Ï�À���Ï
Ë�ÀÂÆ¿Ï�É�Ì�¾ÍhÁkÀ�Ã/½É�ÁV¾À�Æ¿ÀÂÃ�ÍFÊÂÀÂÈ�Ð�ÅhÇs½É�ÁkÉ�Ñ�Ë@¾ÅqÍ�¾�ÌhÄ�É/È1Ì�Ñ�ÐiÁ.Ë�À��sÁ'¾Á'Ão½<Ç8¾ÅqÈM½É�ÅqÆ¿Á.ÌJ½l½É�Á.ÆÌ�È$Á
Ë�ÀÂÆ¿Ï�É�Ì�¾ÍhÁ�ÀÂÃO½É�ÁãÇ�ÌhÊÂÊÂÀÂÃ�Í1ÊÂÀ�È�ÐN��É�Ñ@Æ�½Á'¾Á�Æ¿ÀÂÆ Õ ��ÌhÊÂÊ Õ �c§�¨�©�×�Ö

��¼@¾À�Ã�Í�½É�ÁãÄ�¾Á�èÙÏ�Ñ�Ï'Ê�ÅhÃ�Á�ÄiÁ�¾À�ÅoËTÀÂÃ�Æ¿¼]�/Ï�ÀÂÁ�Ã�½kÆ�½Åh¾È���Å�Î"ÆÌ�È$Ä�ÊÂÁ�Æ3Î3Á�¾Á�Ï�ÅqÊÂÊÂÁ�Ï'½Á�Ë�½Å/ÁY�oè
Ä�¾Á�Æ¿Æ<ÀÂÅqÃ�Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�Æ4Ì�Æ4ÌãÇà¼�Ã�Ï'½ÀÂÅqÃ/Å�Ç*Ë�ÀÂÆ¿Ï�É�Ì�¾ÍhÁ.Å�¾�ª � Õ Ç�Åh¾_ÎkÉ�ÀÂÏ�É/Ï�ÅhÃo½ÀÂÃo¼�Åh¼�Æ�¾Á�Ï�Å�¾�Ë�Æ
Î3Á'¾Á�Ì�ÒqÌ�ÀÂÊ8Ì�Ð�ÊÂÁqÖ��.Æ¿Æ¿Á�ÃoÐiÁ'¾ÍE�«�c§�§���×gÅhÐ�Æ¿Á'¾ÒqÁ�Ë	½É�Ì�½ãÆ�½Åh¾È���ÅJÎ�Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ�Å�Ç �ãÌ Õ �OÍ Õ
�3Ì Õ �F�e� Õ �4Ê Õ �3�x�e¬ Õ �@À_ÌhÃ�Ë�OÃ�Ì�½<�ãÊÂÁ�ÅqÊÂÁ�ÍqÌOÎ3Á'¾Á�Ê�Å�Î4Á'¾~½É�ÌhÃå½É�ÅhÆ¿Á/ÀÂÃ�Ð�ÌhÆ¿ÁY��ÅJÎ Õ ÌhÃ�Ë
Ì�½¿½¿¾ÀÂÐ�¼@½Á�ËT½É�ÀÂÆk½Å/Ë�ÀÂÊÂ¼�½ÀÂÅqÃ	Å�Çß½É�Á�Æ�½¿¾Á�ÌhÈ�Î3Ì�½Á'¾.Ð�ÑTÄ�¾Á�Ï'À�Ä�ÀÓ½�Ì�½ÀÂÅqÃmÌ�Ã�ËOÅJÒ�Á�¾Ê8Ì�Ã�Ë���Å�Î�Ö �ãÃ
½É�Á/Å�½É�Á'¾FÉ�ÌhÃ�Ë Õ Ï�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ�Æ~Å�Ç$ ¢Ì�Ã�ËE�3� ¬ Õ ÌhÃ�Ë\½ÅmÌOÊÂÁ�Æ¿Æ¿Á'¾�ÁY�o½Á�Ã�½<�4Ê Õ Æ¿Á�Á�È$Á�Ë\½Å
ÀÂÃ�Ï'¾Á�Ì�Æ¿Á\Ë�¼�¾ÀÂÃ�Ía½É�Á	¾ÀÂÆ¿ÀÂÃ�ÍäÆ�½�ÌhÍhÁ Õ ¾Á�ÌhÏ�É�ÀÂÃ�ÍäÈ1Ìg��ÀÂÈ�¼�ÈêÒhÌhÊÂ¼�Á�ÆOÌJ½	Ë@ÀÂÆ¿Ï�É�Ì�¾ÍqÁ'Æ�ÐiÁ�ÊÂÅ�Î®�.¡
È$ÈáÉ ced Õ Ç�ÅhÊÂÊ�Å�Î4Á�Ë\Ð�ÑOÌ1Ë�Á�Ï'¾Á�ÌhÆ¿Á�Ì�½gÉ�ÀÂÍqÉ�Á'¾�Ë@À�Æ¿Ï�É�ÌJ¾ÍqÁ�Æ�Ögâ3É�À�ÆgÐiÁ�É�Ì�ÒoÀÂÅq¼@¾gÎ3ÌhÆ�ÌJ½¿½¿¾ÀÂÐ�¼�½Á�Ë
½Å�ÊÂÁ�Ì�Ï�É�ÀÂÃ�Í/Å�Çß½É�ÁgÊ�ÀÓ½¿½Á'¾kÊ�Ì�Ñ�Á'¾.Ì�Ã�Ë$½ÅqÄ�Æ¿ÅqÀÂÊ�Öx�4ÅhÃ�Ï�Á�Ã�½¿¾�ÌJ½À�ÅhÃ�ÆVÅ�Ç{���e��Ë@À�ËTÃ�Åh½VÆ¿É�ÅJÎ^ÌFÏ�ÊÂÁ�Ì�¾
Ë�Á�ÄiÁ'Ã�Ë�Á'Ã�Ï'Ñ$ÅhÃ�½É�Á�Ë�ÀÂÆ¿Ï�É�Ì�¾ÍhÁqÖ��gÊÓ½É�Åh¼�ÍhÉT½É�Á�Ë�ÌJ½�Ì�Æ¿Á'½kÅ�Ç8�gÆ¿Æ¿Á�ÃoÐiÁ'¾Í*�«�c§�§���×3Ï�ÅhÃ�Æ¿ÀÂÆ�½Á�ËOÅ�Ç
ÆÌhÈ$Ä�Ê�Á'Æ3Ï�ÅqÊÂÊÂÁ�Ï'½Á�ËOÆ¿É�Å�¾¿½ÊÂÑ�ÌJÇà½Á'¾k½É�ÁgÄ�Ì�Æ¿ÆÌhÍqÁ�Å�Ç�Ï'Ñ@Ï�ÊÂÅqÃ�Á��@ÀÂÃ�Ì�ÌhÃ�Ë�Ë@¼�¾ÀÂÃ�ÍF½É�ÁgÆ¿¼�Ð�Æ¿Á.¯o¼�Á�Ã�½
É�ÌJ¾Ò�Á�Æ�½ÀÂÃ�Í	Å�ÇV½É�Á1Ë@Á�Æ�½¿¾Å�Ñ�Á�Ë�Ä�Ê8Ì�Ã�½�Ì�½ÀÂÅqÃ��6��Á'Ï�Á�È�ÐiÁ�¾ Õ �.§�§�¡�°�	Ì�Ñ Õ �.§�§	��× Õ ½É�Á$ÅhÐ�Æ¿Á'¾Ò�Á�Ë
¾Á�Ê�Ì�½ÀÂÅqÃ�Æ¿É�ÀÂÄ�Æ�È1Ì�ÑmÍhÁ�Ã�Á�¾�ÌhÊÂÊÓÑ0É�ÅqÊ�ËmÇ�Åh¾~½É�Á�Ä@¾Á'è�Ê�ÅhÍqÍhÀ�Ã�Í	ÄiÁ'¾ÀÂÅoË�Ì�ÆãÎ3Á'Ê�Ê Õ Æ¿À�Ã�Ï�Á�½É�Á�ÀÂÈ$Ä�Ì�Ï'½
ÅhÇ�ÊÂÅhÍqÍqÀÂÃ�Í�ÌJ½V½É�ÌJ½gÆ�½�Ì�ÍqÁ�ÎVÌ�ÆkÊ�ÀÂÈ$ÀÓ½Á�ËE��Æ¿Á�Á~ÌhÊÂÆ¿Å�@Á'Ï'½ÀÂÅqÃ�c±oÖ ¨�×�Ö
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P-TN-TMnFe-T AlSi   PO4  NO3  SO4  HCO3ClNH4 CaMgKNaQ

Annual Export in Baseflow [kg ha-1]
<0.03<0.120.300.57<0.1022.0<0.03<0.2612.058.410.00.364.56.10.3917.0160.9Total
0.010.080.070.090.050.90.020.201.23.60.50.270.30.40.170.4SD

Annual Export in Stormflow [kg ha-1]
<0.03<0.130.190.41<0.0717.1<0.020.959.643.58.50.253.75.11.1313.5140.1Total
0.000.080.070.130.091.90.021.561.16.31.00.170.60.60.540.8SD

Total Annual Export [kg ha-1]
<0.06<0.250.490.98<0.1739.1<0.05<1.2121.6101.918.50.618.211.21.5230.5301.0

�.Ò�Á'¾�Ì�ÍqÁ:ª � Õ Ä���Ì�Ã�ËOÀÂÅqÃåÏ�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ�ÆkÇ�Å�¾�Ä@¾Á'è�É�Ì�¾ÒqÁ�Æ�½ÀÂÃ�Í/Æ�½Å�¾È���Å�Î�ÆÌ�È$Ä�ÊÂÁ�ÆgÌ�¾Á
ÍhÀ�ÒqÁ�ÃmÀÂÃmâßÌhÐ�ÊÂÁ�.�@Ö��gÉ�Ö.â3É�Á~ÆÌhÈ$Ä�Ê�Á'Æ.Î4Á'¾Á�Ï'ÅqÊÂÊÂÁ�Ï'½Á�Ë	È$ÅhÆ�½ÊÂÑ	Ì�½.¾Á�Ê�Ì�½ÀÂÒ�Á�ÊÓÑOÊ�Å�Î;Ë�ÀÂÆ¿Ï�É�Ì�¾ÍhÁ�Æ Õ
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�OÍ$Ì�½.Åh¼�¾.Æ�½¼�ËoÑ1Æ¿ÀÂ½Á'Æ.Î4Á'¾Á�¾Á�Ê�Ì�½ÀÂÒ�Á�ÊÓÑ�É�ÀÂÍqÉOÀ�Ã�ÒoÀ�Á�Î^Å�Ç�½É�Á�ÊÂÅ�Î�ÌhÃ�Ão¼�ÌhÊi¾¼�Ã�Å���Ö
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·�¸	¹�º»[ ��ÒP×T�&÷ Oxâ<î&`nhornå�`FÛPf&bc_¿ø�Úgß	Ún¾Tfip�`Ú.fip�Ú.`gp�_�hYrl_¿k1flp�b�rlpRj*b._arlpRj	rihojvj	`nî�k1rl_¿k1flp�bqá¿Ø�'�ã
fHd,Á.r&bn`1Â3fiñùbnrlé:Û�¾»`cbÙá¿pRQúÅ	Åcã�Ú.fl¾6¾T`.Ún_«`.jÙk6pû_�ü�`�dgflhY`cbc_a`Yjý+e¾T`.fi¾T`«å]r�Ú.rl_aÚ.ü�éq`gp�_�áHÁ.`nø
_�ñ�`.`npv'*`.Ú.`géqÁ.`ghLþiä�Å	Æ	Æ]ÇläIrlpRjuÃ�ripP½PrihcßNÿnä$Å	Æ	Æ�Å.ã&äIr&bLñ�`g¾6¾{rlb dgflh�Á.r&bn`�Âefiñýbgrié�ÛR¾T`gb
Ú.fl¾6¾T`.Ún_«`.jk6p�_�ü�`�å	hor&b.bc¾TrlpRj��cî�k1j	rié*½�Ú.rl_aÚYü(éu`npP_�áaÃ(rlp�½PrlhcßNÈ,ØR`aÛ�_a`géqÁ.`gh.ä�ÅiÆ]Æ]Å&%<p�Q
Å	Çcãis���`gîl`g¾�bvf�d�bck¥åip�k UIÚ.rlpRÚY`£á�V�WoX�Z([n\�W�^ Þ�Woã�dgfihEjlk m:`nho`np�Ú.`gbNÁY`n_¿ñ�`Y`np�éq`.rlp�bvfHd<ÛRho`nø
rlpRjLÛPf&bc_�ø�Únß	Ún¾TflpR`�Ú.fié�ÛPf&bck6_¿k1flp�b*r]j	j]`Yj<dgflh�ÚYfié�ÛPrlhckìbnfip�s

P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

Oleolega pine forest (1)
0.020.150.140.350.1013.80.020.155.9438.727.050.213.044.350.8911.236.6594Mean
0.000.130.030.100.030.30.010.191.022.341.400.130.120.140.390.230.064SD

Ividamu grassland (2)
0.050.191.413.510.0712.00.120.061.7497.8313.370.239.929.240.5815.146.67179Mean
0.060.200.854.510.031.40.160.020.8422.921.260.101.941.650.581.190.1333SD

Comparison between pre- (A) and post-cyclone (B) baseflow concentrations
ns<**>***ns<***nsnsns>***<***<***ns<***<***<***<***ns<***(1) A <> B
nsns<*nsns<**ns>**ns<***ns<*<***<***nsns<***<**(2) A <> B

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01
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â3É�Á�ÀÂÈ$Ä�Ì�Ï'½FÅhÇ.Ï'Ñ@Ï�ÊÂÅqÃ�Áu�oÀÂÃ�ÌmÅqÃa½É�ÁTÏ�É�Á'È$À�Ï�ÌhÊ4Ï'ÅqÈ$ÄiÅqÆ¿ÀÓ½ÀÂÅqÃäÅ�ÇãÐ�ÌhÆ¿ÁY��ÅJÎøÎVÌ�Æ�Á�ÒhÌhÊÂ¼�ÌJ½Á�Ë
Ç8¾ÅqÈ®���/ÆÌhÈ$Ä�ÊÂÁ�Æ�Ï�ÅqÊÂÊÂÁ�Ï'½Á�Ë0ÐiÁ'½ÙÎ3Á�Á�ÃN��Á�Ï�Á'È�ÐiÁ'¾3É Õ �c§�§�¡	ÌhÃ�Ë%9qÌhÃo¼�ÌJ¾¿ÑNÌ Õ �c§�§i�qÖ1æ*ÅqÍhÍqÀÂÃ�Í
Å�ÇgÏ�Ñ�Ï'Ê�ÅhÃ�Á�Ë�Ì�È1ÌhÍqÁ�Ë�½¿¾Á�Á�Æ�É�ÌqËaÆ�½�ÌJ¾¿½Á�ËaÀÂÃä½É�Á1Ï�Ì�½Ï�É�È$Á�Ã�½FÀÂÃ~��Á�Ï�Á'È�ÐiÁ'¾ Õ Ð�¼�½FÊÂÁ�Æ¿Æ�½É�Ì�Ã
�.¡�ùªÅhÇf½É�ÁãÏ�Ì�½Ï�É�È$Á�Ã�½kÌJ¾Á�Ì�É�ÌhË�ÐiÁ�Á'ÃOÊÂÅqÍhÍqÁ�Ë	ÌJ½k½É�ÁãÐiÁ'ÍqÀÂÃ�Ã�À�Ã�Í/ÅhÇ:9�ÌhÃo¼�ÌJ¾¿Ñ�Ö{�gÆVÆ¿¼�Ï�É1½É�Á
ÁY�sÁ'Ï'½�Å�ÇkÉ�ÌJ¾Ò�Á�Æ�½ÀÂÃ�ÍmÅhÃaÐ�Ì�Æ¿ÁY��Å�Î[Ï'ÅqÈ$ÄiÅqÆ¿ÀÓ½ÀÂÅqÃéÏ'Åq¼�Ê�ËaÐiÁ$Ï�ÅhÃ�Æ¿À�Ë�Á�¾Á�ËaÃ�Á�ÍhÊÂÀ�ÍhÀÂÐ�ÊÂÁOÌ�Ã�ËéÌ�ÃoÑ
Ë@À��sÁ�¾Á�Ã�Ï�Á'ÆßÐiÁ'½zÎ4Á�Á�Ã�½É�Á_Ä�¾Á�èsÌhÃ�Ë~ÄiÅhÆ�½¿è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁlÐ�Ì�Æ¿ÁY��Å�ÎäÏ�ÅhÈ$ÄiÅqÆ¿ÀÓ½ÀÂÅqÃFÏ�Åq¼�Ê8Ë�ÐiÁ4Ì�½¿½¿¾ÀÂÐ�¼@½Á�Ë
½Åa½É�Á0Ï'Ñ@Ï�ÊÂÅhÃ�ÁåÁ�Ò�Á�Ã�½�Ö9â3É�Á�Ì�Ò�Á'¾�Ì�ÍqÁ\ÄiÅqÆ�½¿è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁåÐ�ÌhÆ¿Áo��Å�Î Ï�ÅhÈ$ÄiÅqÆ¿ÀÓ½ÀÂÅqÃ"ÀÂÆ�Æ¿É�ÅJÎkÃ"ÀÂÃ
âßÌ�Ð�ÊÂÁ3�c�oÖ¥�c±oÖ{Ð4Á'Ï�Ìh¼�Æ¿Á.½É�ÁVË�ÀÂÆ¿Ï�É�Ì�¾ÍhÁ�ÆlÌ�½_ÎkÉ�ÀÂÏ�É�½É�ÁVÐ�Ì�Æ¿ÁY��Å�ÎçÆÌhÈ$Ä�ÊÂÁ�Æ_Î4Á'¾ÁVÏ�ÅhÊ�ÊÂÁ�Ï�½Á�Ë�Î3Á'¾Á
Ã�Åh½.Æ¿ÀÂÍqÃ�À���Ï�ÌhÃ�½ÊÓÑ	Ë@À��sÁ'¾Á�Ã�½VÇ�Å�¾g½É�Á�Ä�¾Á'èlÌhÃ�Ë�ÄiÅhÆ�½¿èÙÏ�Ñ�Ï'Ê�ÅhÃ�Á�ÄiÁ'¾ÀÂÅoË@Æ Õ ½É�Á�ÅhÐ�Æ¿Á'¾ÒqÁ�ËOÏ�É�ÌhÃ�ÍqÁ�Æ
È1Ì�Ñ�ÐiÁ4Ë�¼�ÁlÁ�Ã�½ÀÓ¾Á�ÊÓÑ�½ÅgÏ'Ñ@Ï�ÊÂÅhÃ�Á4Áo�sÁ�Ï'½Æ�Ö8�.ÆfÎ3Åh¼�Ê�Ë�ÐiÁlÁY�@ÄiÁ�Ï'½Á�Ë�Çà¾ÅhÈ�½É�Á4Ë�Á�ÄiÅhÆ¿ÀÓ½À�ÅhÃ�Å�Ç�Æ¿Á�Ì
Æ¿Ä@¾�Ì�Ñ�ÌhÃ�Ë�½É�Ál½¿¾�ÌhÃ�Æ�Ç�Á'¾ßÅhÇ�Ê8ÌJ¾ÍqÁVÌ�È$Åq¼�Ão½ÆeÅhÇ�Ë�Á�Ð@¾ÀÂÆßÐ�Ñã½É�Á_Ï'Ñ@Ï�ÊÂÅqÃ�Á Õ Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�ÆßÅhÇ�È$ÅqÆ�½
Ï�ÅhÃ�Æ�½ÀÓ½¼�Á'Ão½ÆkÀÂÃ�Ï�¾Á�ÌhÆ¿Á�Ë	Æ¿ÀÂÍhÃ�À���Ï�Ì�Ã�½ÊÂÑOÌ�Ç8½Á'¾.½É�Á�Á�Ò�Á'Ão½�Ö{�gÅJÎ4Á�Ò�Á'¾ Õ ½É�Á�È$Á�ÌhÃ	Ï�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ
Å�Ç?�]�e��À�ÃmÄiÅhÆ�½¿è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁFÐ�Ì�Æ¿ÁY��Å�Î^ÎVÌhÆgÆ¿ÀÂÍqÃ�À���Ï�ÌhÃ�½ÊÓÑmÊÂÅ�Î3Á'¾g½É�ÌhÃ	½É�Á~Ä�¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁFÌJÒqÁ'¾�ÌhÍhÁqÖ
â3É�À�Æ�ÀÂÆ�Ï�ÅhÃ�Æ¿ÀÂÆ�½Á�Ã�½FÎkÀÂ½Éé½É�Á/¾Á�Ê�Ì�½ÀÂÒ�Á�ÊÓÑéÊÂÅ�Î[Ï�ÅhÃ�½¿¾À�Ð�¼�½ÀÂÅqÃ�ÅhÇF��� � ÀÂÃéÏ'Ñ@Ï�ÊÂÅqÃ�Á1¾�Ì�ÀÂÃaÎVÌ�½Á�¾
�1�4Ê 2 �]� � 7 ÌoÖ��J×�Ï�ÅhÈ$Ä�Ì�¾Á�Ë\½Å	Ä@¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�Á�¾�ÌhÀÂÃ�ÎVÌJ½Á'¾*�1�4Ê 2 ��� � 7 �hÖ �	ôlâßÌhÐ�Ê�Áu�.�@Ö ��×�Öu�OÃ
Ï�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ�Æ4Ë�Á�Ï�¾Á�ÌhÆ¿Á�Ë1Ì�Æ_Î4Á�ÊÂÊsÌ�Çà½Á�¾4½É�ÁVÏ�Ñ�Ï'Ê�ÅhÃ�Á.Á�Ò�Á�Ã�½�Ößâ3É�ÁkÆ¿ÀÂÍqÃ�À���Ï�ÌhÃ�½3ÀÂÃ�Ï'¾Á�ÌhÆ¿Á.ÅhÇ��.Ê
¾ÁY��Á�Ï'½ÆgÌ$Ï�É�ÌhÃ�ÍhÁ�ÀÂÃ	½É�Á�Ë@Á'½Á�Ï'½ÀÂÅhÃmÊ�ÀÂÈ$ÀÓ½ãÇ8¾ÅqÈÀ¡@Ö ¡&±/È$Í$Ê6Ê�Ë.½Å¡@Ö��c¡1È$Í/Ê6Ê�Ë Õ ¾�Ì�½É�Á�¾ã½É�Ì�Ã
Ì�¾Á�ÌhÊ*Ï�É�ÌhÃ�ÍhÁ�Æ¿ÀÂÃ�Ï�Á�½É�À�ÆkÁ�ÊÂÁ�È$Á'Ão½VÇàÁ�ÊÂÊfÐiÁ�ÊÂÅ�Î>½É�Á�Ë@Á'½Á�Ï'½ÀÂÅqÃOÊ�ÀÂÈ$ÀÓ½Æ3Ç�Å�¾ãÐiÅ�½ÉOÄiÁ'¾ÀÂÅoË@Æ�Ö

�.Æ¿Ð�¼@¾¿Ñ\ÌhÃ�Ë�@Ï�ÌJ½Á�Ã�ÌE��ÄiÁ'¾Æ�Ö*Ï�ÅqÈ$È	Ö ×aÌ�Ê�Æ¿ÅmÅhÐ�Æ¿Á'¾ÒqÁ�Ë\ÀÂÃ�Ï'¾Á�ÌhÆ¿Á�Ë�Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅhÃ�Æ�ÅhÇ?  Õ
�3Ì Õ Ì�Ã�ËE�OÍ�ÀÂÃ\Æ�½¿¾Á�ÌhÈ���Å�Î;Çà¾ÅhÈDÌ1Æ¿È1ÌhÊÂÊßÎVÌJ½Á'¾Æ¿É�Á�Ë\ÀÂÃå½É�Á�Ð4ÀÂÆ¿ÊÂÁ'Ñ\ÌJ¾Á�Ì�ÀÂÃN�_¼�Á'¾¿½Å3;.ÀÂÏ�Å
ÌJÇà½Á'¾~½É�Á/ÌhÐiÅJÒ�Á'è�Íh¾Åh¼�Ã�Ë\Ð�À�ÅhÈ1ÌhÆ¿Æ~ÅhÇ4½É�Á/Ã�Ì�½¼�¾�Ì�Ê�¾�ÌhÀÂÃ�Ç�Å�¾Á�Æ�½FÉ�ÌhË0ÐiÁ�Á�Ã\¾Á�Ë�¼�Ï�Á�ËåÐ�ÑN±�¡�ù
�1�oÏ�Ì�½Á�Ã�Ìm÷=<(>&? ��Õ �c§�§���×kË�¼@¾À�Ã�Í�½É�ÁãÄ�ÌhÆ¿ÆÌ�ÍqÁ~ÅhÇßÉ@¼@¾¿¾ÀÂÏ�ÌhÃ�Á3�ã¼�ÍhÅ/ÀÂÃN�.§�©�§oÖ

�ßÅhÆ�½¿è�Ï'Ñ@Ï�ÊÂÅqÃ�ÁFÏ�ÅhÃ�Ï�Á�Ã�½¿¾�ÌJ½À�ÅhÃ�Æ.ÅhÇ �OÍ Õ �3Ì Õ �3�x�e¬�ÀÂÃO½É�ÁFÐ�ÌhÆ¿ÁY��Å�Î�Çà¾ÅhÈá½É�Á~Íh¾�Ì�Æ¿Æ¿Ê8Ì�Ã�Ë
�ÙÒ@À�Ë�ÌhÈ�¼äÏ�ÌJ½Ï�É�È$Á�Ã�½�Î4Á'¾ÁmÆ¿ÀÂÍqÃ�À���Ï�ÌhÃ�½ÊÓÑçÉ�ÀÂÍqÉ�Á'¾$½É�Ì�ÃRÏ�Å�¾¿¾Á�Æ¿ÄiÅqÃ�Ë�ÀÂÃ�Í0Ä�¾Á'è�Ï'Ñ@Ï�ÊÂÅqÃ�Á	ÒhÌhÊÂ¼�Á�Æ
�,âßÌ�Ð�ÊÂÁ�.�@Ö��g±h×$Ð�¼�½ Õ ¼�Ã�ÊÂÀ���ÁT½É�ÅqÆ¿ÁOÀ�Ãç½É�ÁTÇ�Åh¾Á'Æ�½Á�Ë��ãÊÂÁ�ÅhÊ�Á'Í�ÌaÏ�ÌJ½Ï�É�È$Á�Ã�½ Õ Ä@¾Á'èFÌhÃ�ËçÄiÅhÆ�½¿è
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Ï'Ñ@Ï�ÊÂÅqÃ�Á$Ï�ÅqÃ�Ï�Á�Ã�½¿¾�Ì�½ÀÂÅqÃ�Æ�Å�Ç$��Ì Õ   Õ �4Ê4ÌhÃ�Ë��]�e��Î3Á'¾Á1Ã�Åh½FÆ¿ÀÂÍqÃ�À���Ï�ÌhÃ�½ÊÓÑéË@À��sÁ�¾Á�Ã�½ Õ ÎkÉ�ÀÂÏ�É
È1Ì�Ñ	¾ÁY��Á'Ï'½~Ë�À��sÁ'¾Á'Ã�Ï�Á�ÆãÀ�Ãå½É�ÁF½¿¾�ÌhÄ�Ä�ÀÂÃ�ÍTÁY�$Ï�ÀÂÁ�Ã�Ï'ÑåÇ�Å�¾~Ï'Ñ@Ï�ÊÂÅqÃ�Á�Æ¿Á�Ì�Æ¿Ä@¾�Ì�ÑåÐiÁ'½zÎ4Á�Á�Ã\Íh¾�ÌhÆ¿Æ
ÌhÃ�ËOÄ�ÀÂÃ�Á�ÇàÅh¾Á�Æ�½�Ö��^ÄiÅqÆ¿Æ¿ÀÂÐ�ÊÂÁ~ÁY�@Ä�Ê�ÌhÃ�Ì�½ÀÂÅqÃ	ÇàÅh¾g½É�Á�ÀÂÃ�Ï'¾Á�ÌhÆ¿Á�Ë	ÄiÅhÆ�½¿èÙÏ�Ñ�Ï'Ê�ÅhÃ�Á~Ï�ÅhÃ�Ï�Á�Ã�½¿¾�ÌJ½À�ÅhÃ�Æ
ÅhÇP�3ÌãÌhÃ�ËL�OÍ�È1Ì�Ñ~ÐiÁ4½É�ÌJ½<Ï'Ñ@Ï�ÊÂÅqÃ�ÁkË�Á�ÄiÅhÆ¿ÀÂ½ÀÂÅhÃ�Æ<ÅhÇ(�ãÌ�ÌhÃ�Ë< =Î4Á'¾Á3ÁY�@Ï�É�ÌhÃ�ÍqÁ�Ë�ÌhÍqÌhÀÂÃ�Æ�½?�3Ì
ÌhÃ�Ëv�OÍ$À�Ãm½É�ÁFÆ¿ÅhÀÂÊ Õ ÎkÉ�ÀÂÏ�É	Î4Á'¾Á�Æ¿¼�Ð�Æ¿Ác¯�¼�Á�Ã�½ÊÂÑ�ÊÂÁ�ÌhÏ�É�Á�Ë\ÌJ½�Ì$É�À�ÍhÉ�Á'¾.¾�Ì�½ÁhÖãâ3É�Á~Íh¾�ÌhÆ¿Æ¿Ê�Ì�Ã�Ë
Ð�ÀÂÅqÈ1Ì�Æ¿Æ/ÀÂÃÍ�gÅJÒ�Á�È�ÐiÁ�¾*�.§�§�¡Í�,Ë�Á�ÌhËçÍ�¾�ÌhÆ¿Æ�×�ÎVÌ�Æ$Ã�Å�½$ÊÂÀ¥�qÁ�ÊÓÑé½Å�ÐiÁ	Ìg�sÁ�Ï'½Á�ËäÈ�¼�Ï�ÉéÐ�Ña½É�Á
Ï'Ñ@Ï�ÊÂÅqÃ�ÁlÌ�Ã�Ë�ÅhÐ�Æ¿Á'¾Ò�Á�Ë�Ë�À��sÁ'¾Á�Ã�Ï�Á�Æ*À�Ã�Ä@¾Á'èiÌ�Ã�Ë�ÄiÅhÆ�½¿èÙÏ�Ñ�Ï'Ê�ÅhÃ�Á8�3� ¬ Ì�Ã�Ëe�3� � Ï�ÅhÃ�Ï�Á'Ão½¿¾�ÌJ½ÀÂÅqÃ�Æ Õ
ÌhÃ�Ë�ÄiÅqÆ¿Æ¿ÀÂÐ�ÊÂÑOÌhÊÂÆ¿Å$ÀÂÃ	Ä]��ÒhÌhÊÂ¼�Á�Æ Õ È1Ì�Ñ$¾ÁY��Á'Ï'½.Æ¿Á�ÌhÆ¿ÅhÃ�ÌhÊeÒqÌJ¾À�Ì�½ÀÂÅqÃ�Æ�Ö

�@ÀÂÃ�Ï�Á4½É�Á�¾ÁVÉ�ÌqËFÐiÁ�Á�Ã�Ê�ÀÓ½¿½ÊÂÁ3¾�ÌhÀÂÃ@Ç�ÌhÊÂÊ�À�Ã�½É�Á3ÄiÁ'¾ÀÂÅoË�ÐiÁ�½zÎ3Á'Á�Ã�Ï'Ñ@Ï�ÊÂÅhÃ�Á��@ÀÂÃ�ÌãÌhÃ�ËF½É�Á3Æ�½�Ì�¾¿½
ÅhÇ*É�ÌJ¾Ò�Á�Æ�½ÀÂÃ�Í Õ ½É�ÁkÁY�sÁ'Ï'½4Å�Çe½É�ÁVÏ'Ñ@Ï�ÊÂÅqÃ�ÁgÅhÃ/½É�ÁkÏ�É�Á�È$ÀÂÏ�ÌhÊ�Ï�ÅqÈ$ÄiÅhÆ¿ÀÓ½À�ÅhÃ1ÅhÇ*Æ�½Åh¾È���ÅJÎRÏ�Åq¼�Ê�Ë
Ã�Å�½/ÐiÁTÆ�½¼�Ë�ÀÂÁ�ËsÖäâ3É�ÁTÁY�sÁ�Ï�½Æ/ÅhÇãÉ�Ì�¾ÒqÁ�Æ�½ÀÂÃ�Í\ÌhÃ�ËäÆ¿¼�Ð�Æ¿Ác¯�¼�Á�Ã�½/Ð�¼@¾Ã�ÀÂÃ�ÍmÅhÃ»Ð�ÌhÆ¿ÁY��Å�Î ÌhÃ�Ë
Æ�½Åh¾È���ÅJÎ9Ï�É�Á�È$ÀÂÆ�½¿¾¿Ñ\ÎkÀÂÊ�Ê4ÐiÁ�Ë@ÀÂÆ¿Ï�¼�Æ¿Æ¿Á�ËaÀÂÃ��4É�ÌhÄ@½Á'¾*�c± Õ ÌhÊÓ½É�Åq¼�ÍhÉéÆ¿ÅqÈ$Á$Å�Ç.½É�Á$Ï�É�ÌhÃ�ÍqÁ�Æ
¾Á�ÄiÅh¾¿½Á�ËT½É�Á�¾Á�ÀÂÃ	È�¼�Æ�½VÐiÁ~Ì�½¿½¿¾ÀÂÐ�¼@½Á�ËT½Å�½É�Á�ÀÂÈ$Ä�Ì�Ï'½kÅhÇf½É�Á�Ï'Ñ@Ï�ÊÂÅqÃ�ÁqÖ
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Annual Atmospheric Input [kg ha-1], Pre-cyclone 1990
<0.30<1.1<2.3<6.1<0.09<4.26Tulasewa Forest
<0.30<1.1<1.4<1.9<0.07<3.511Korokula Forest
<0.30<1.2<1.5<1.8<0.08<2.515Koromani Forest
<0.84<1.3<2.1<2.2<0.55<4.015Oleolega Catchment

Annual Output with Drainage or Streamflow [kg ha-1], Pre-cyclone 1990
<0.101.50.20.4<0.01<0.26Tulasewa Forest
<0.109.82.80.40.020.811Korokula Forest
<0.202.31.00.6<0.010.815Koromani Forest

0.4911.28.21.5<0.06<0.315Oleolega Catchment

Net Annual Gains (+) or Losses (-) [kg ha-1], Pre-cyclone 1990
0.20<-0.4<2.1<5.70.084.06Tulasewa Forest
0.20<-8.7<-1.4<1.5<0.05<2.711Korokula Forest
0.10<-1.1<0.5<1.20.07<1.515Koromani Forest

<0.35<-9.9<-6.1<0.70.493.715Oleolega Catchment
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BZnMnMgCaKPNAgeLocation

Annual Accumulation in Pine Biomass [kg ha-1], Pre-cyclone 1990
0.030.241.708.818.422.44.835.16Tulasewa Forest
0.010.080.453.15.84.21.89.211Korokula Forest
0.010.100.652.78.56.61.210.815Koromani Forest

Annual Returns in Throughfall and Stemflow [kg ha-1], Pre-cyclone 1990
-0.101.50.49.90.00.96Tulasewa Forest
-0.103.61.811.00.1-0.611Korokula Forest
-0.102.52.016.80.10.215Koromani Forest

Annual Returns in Pine Litter Fall [kg ha-1], Pre-cyclone 1990 #
0.040.122.509.743.14.60.819.06Tulasewa Forest
0.060.193.7024.756.98.91.934.211Korokula Forest
0.030.081.9010.433.15.50.920.615Koromani Forest

Net Annual Uptake by Pines [kg ha-1], Pre-cyclone 1990
>0.07>0.364.1020.061.936.95.655.06Tulasewa Forest
>0.07>0.274.0531.464.524.13.842.811Korokula Forest
>0.04>0.182.4515.643.628.92.231.615Koromani Forest

Fraction of Net Annual Uptake Provided by Internal Cycling [%]
>55>335956703914366Tulasewa Forest
>83>7089909183537911Korokula Forest
>68>4473838177456615Koromani Forest

Ratio of Net Primary Production to Net Annual Uptake by Pines
392957764086709137544474549305006Tulasewa Forest
234069624196796537261699443539411Korokula Forest
3398418307211234959343517679747315Koromani Forest

Ratio of Annual Litter Fall Mass to Nutrient Returns to the Forest Floor
125300417672005517116109064262646Tulasewa Forest
1547334886325093761631043488627111Korokula Forest
178700670132822515162975595726015Koromani Forest

Annual Accumulation in Litter Layer [kg ha-1], Pre-cyclone 1990
0.010.000.201.44.40.30.12.50-15All sites

Mean Annual Release (+) or Uptake (-) by the Undergrowth Vegetation [kg ha-1]
0.000.000.000.00.00.00.00.00-6Tulasewa Forest+
0.010.020.373.23.017.70.66.26-11Korokula Forest+

-0.00-0.01-0.12-1.0-1.0-5.7-0.2-2.011-15Koromani Forest+

Net Annual Uptake (+) or Return of Soil Nutrients [kg ha-1], Pre-cyclone 1990*
0.040.241.7010.620.717.04.833.66Tulasewa Forest
0.010.060.0810.08.6-14.61.33.011Korokula Forest
0.020.110.876.213.311.41.413.815Koromani Forest

#: Trace elements for foliage only; *: Annual gains or losses assumed zero for Zn and B
+: Obtained from the mean annual decrease in undergrowth mass, using nutrient concentrations in grass
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BZnMnMgCaKPNAgeLocation

Annual Atmospheric Input [kg ha-1], Cyclone and Post-cyclone 1991
<0.4<3.0<1.8<5.6<0.53.67Tulasewa Forest*
<0.2<4.33.3<3.2<0.29.112Korokula Forest
<0.2<5.4<2.6<4.2<0.25.216Koromani Forest

Annual Export with Drainage [kg ha-1], Cyclone and Post-cyclone 1991
<0.211.8<1.32.0<0.2<0.67Tulasewa Forest
<0.139.16.90.6<0.10.412Korokula Forest
<0.12.72.00.7<0.10.416Koromani Forest

Net Annual Gains (+) or Losses (-) [kg ha-1], Cyclone and Post-cyclone 1991
0.20<-8.80.5<3.60.3>3.07Tulasewa Forest
0.10<-33.8-3.6<2.80.18.712Korokula Forest
0.10<2.7<0.6<3.50.14.816Koromani Forest

*: Cyclone rainfall inputs taken as 0.5 times those at Korokula Forest
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ÊOË�Ì�Í�� hkÉ#Î É#�JV Ð#&��#�.� W�Õ9&2�!�"�2�R�A@J��Ô��LÕ9�2Ò?Ó#�����:�C�"�6�A@J��Ô��6�%�#�.�,&�Ý>��ß8���>��ÒX�CÐ �!���"���#��Õ�ß�Õ�Ñ7��%�}��Ô��Bß��9&2�?@:��Ñ%Ñ7�2Ø0�%�3×��%Ô#�;Ó#&8�9��&�×3�1�A@BÕ:ß�Õ�Ñ7�2�+�FàC�%��&�DvìZ���-�B��Ô�&����%Ô#�F�:���!�%ÒB&��-���I@:����#Ð �.���"�:�C��&�Õ9Õ�Ð ÒZÐ Ñ�&��.�"���R�%���%Ô#�6Ñ£�%�!�-�:�HÑ�&�ß����<Ó������-&��%�R�-�F&2��í�Ý-Ò��2�#��ÔLÓ������"�r(�D
BZnMnMgCaKPNAgeLocation

Return in Cyclone Throughfall and Stemflow [kg ha-1]
0.062.97.33.30.0-0.17Tulasewa Forest+
0.125.814.56.60.0-0.212Korokula Forest
0.125.814.56.60.0-0.216Koromani Forest*

Return in Cyclone Litter fall [kg ha-1] #
0.050.173.3522.466.347.39.075.87Tulasewa Forest
0.150.153.7338.771.735.17.5108.612Korokula Forest
0.080.154.2923.171.332.06.591.216Koromani Forest

Accumulation in Pine Biomass [kg ha-1], Post-cyclone 1991*
0.020.141.015.211.013.32.920.97Tulasewa Forest
0.010.030.213.64.24.81.012.612Korokula Forest
0.010.020.331.64.05.80.79.116Koromani Forest

Return in Throughfall and Stemflow [kg ha-1], Post-cyclone 1991
-0.041.21.211.20.0-1.77Tulasewa Forest
-0.021.91.45.60.0-7.712Korokula Forest
-0.021.41.47.10.0-3.416Koromani Forest

Return in Litter Fall [kg ha-1], Post-cyclone 1991 #
0.040.112.318.029.43.81.215.67Tulasewa Forest
0.050.081.4413.226.53.63.820.112Korokula Forest
0.040.092.636.823.94.10.819.916Koromani Forest

Net Annual Uptake by Pines [kg ha-1], Post-cyclone 1991
0.060.253.2814.441.528.34.134.87Tulasewa Forest
0.070.111.6318.732.114.04.825.012Korokula Forest
0.050.112.949.829.317.01.525.616Koromani Forest

Ratio of Annual Post-cyclone Litter Fall Mass to Nutrient Returns to the Forest Floor
9995333491158739311824129092597Tulasewa Forest
73809505242841267144439106632512Korokula Forest
92791425331440457149335441722716Koromani Forest

Accumulation in Litter Layer [kg ha-1], Cyclone and Post-cyclone period, Nov ’90 - Aug ’91
0.020.071.9912.243.313.55.362.27Tulasewa Forest

-0.010.110.8912.720.58.33.166.412Korokula Forest
0.000.040.1614.228.88.95.282.416Koromani Forest

Net Annual Uptake (+) or Return (-) of Soil Nutrients [kg ha-1] in the year after the passage of Cyclone Sina @
-0.010.04-0.611.0-19.8-27.4-1.14.47Tulasewa Forest
-0.15-0.01-2.855.6-57.9-31.4-3.5-38.112Korokula Forest
-0.07-0.09-4.02-15.7-53.6-27.4-0.7-4.316Koromani Forest

+: Cyclone canopy wash assumed 0.5 times that at Korokula forest
*: Cyclone canopy wash taken equal to that at Korokula forest
#: Trace elements totals for foliage only; @: Totals of Zn and B in moisture fluxes assumed zero
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PRQTS i QTUWV=XZYTQ\[(]^S_Ua`bYTcd[e` i [ i Uafe`hgif(VjSk] i V^lmUa`onpfqcanpSk] i QTS_QT[(VjnpSr] i Ud`As/f(g i QAS i Uat_uESvV<[e`TX i QAS]^U i SZYAVjSkYT[(V=[ i Uafe`wgifeV i QTSZ`AS x2i Vjf i [ i Udfe`yx Ç{z VjUa`Ts i QTUa]/YAQ\[(]^SZc|[(`\X}Ud`Asq]k~Ocd[e`TXAUa`Ts�[(�k�kSk]^]Vjfp[eXA]C[e`\X/] j UdX i V=[(� j ]C[(VjS��kfe`T] i V z � i S�X�~ i QTS{gif(VjSk] i Ua]-giSkcacaS�Xm[e`TX�t�SrVj�=Q\[(` i [(uTcaS i Uat_uESrV-Ua]S x2i V=[e� i SkX�~pf(g i Sk`��-U i Q i QTS>QASkcaY�feg�QTSk[�n�lLt�[e�=QTUa`TSvV^l�x�PRQTUa]:Ua] z ] z [ecacWl_g�fqcacaf���S�X�u�l_u z Vj`TUa`AsfegG]^cd[e]^Q�~ z `TXASrVjs(Vjf�� i Q�npSksqS i [ i Uafq`�[(`\X_caU i-i SrV i f<YAVjSkYT[(VjS i QTS>]^U i S>gif(V�VjSkYAcd[e` i Ua`TsAx y cac i QASk]^SYAV=[(� i Ua�kSk]>�=Q\[e`AsqS i QAS��>[ i SrVO[e`TX�` z�i VjUdSr` i �rl}�kcaSk]k~\[(`\X�Ua`�YTcd[(�kSk]-caS�[�npS i QTSC]^fqUac�n z ca`TSrV=[(uTcaSi f_YAQol}]^Ua��[(cM[(`\X��=QTSkt�Ua��[(c�XAS i SrVjUaf(V=[ i Uafq`Zu�l��kfqt�YT[e� i Uafe`y~ASrVjfq]^Uafq`�[e`\X/Sk`TQT[e`T�rS�X/caS�[(�vQAUd`Asfeg�` z�i VjUdSr` i ] o�| V z U � ` � SkSkc�~ q9�r�k~���y `\XASvVj]^fq`�[(`\X��}YESk`A�kSrV�~ q��k��q�� x� f_Ud`}gif(Vjt�[ i Uafq`��R[e]O[�nq[(Uac|[(uTcaS�Ua` i QTUa]>VjSk]^YESk� i g�feV i QTS<YAcd[e` i [ i Uafq`�gif(VjSk] i ]CUa` § U � U�~\[e`TXfq`Acal�npSvV^l�cdU i-i caS�gif(V�YTUa`TS�npSksqS i [ i Uafq`wfe`�s(V=[e]^]^cd[e`TXA]�Skca]^Sr�-QTSrVjSZUa` i QTS i VjfeYTUa�k] o%��z XA]^fq`� ¤<¥k¦£� ~ q9�r�r� [}~ u � x � Sk`A�kS i QAS Æ caSkfqcaSksq[m�k[ i �=QTt�Sk` i S x YESrVjUat�Sk` i �R[e]J�kfq`TX z � i S�Xb�-U i Q i QASgifecdcaf��-Ua`Ts�fqu � Sr� i UanpSk] ç

è i f ª�z [(` i UWg|lZ�vQT[e`AsqSk]{Ua` i QTS��>[ i SrV��rl}�kcaS�[(]<[�VjSr] z c i feg�gif(VjSk] i giSkcacaUa`Ts�[e`\XZu z Vj`TUa`Asf(g�]^cd[e]^Q
è i f ª�z [e` i UWg�l i QTS�Uat�YT[e� i ]�f(g i Uat_uESvV�Q\[�VjnpSk] i Ua`TsC[e`TXJ] z uT]^S ª�z Sk` i u z Vj`TUa`TsOfeg i QTS�]^c|[(]^Qfe` i QTS�` z�i VjUaSk` i �kfq` i Sk` i feg i QTS{npSrsqS i [ i Udfe` u caU i-i SrVOc|[kl�SvVC�rfqt�YTcaS x
è i f<] ijz X}l i QTS>Uat�Y\[(� i t�Sk�=Q\[e`AU � S�X i Uat_uESvV�Q\[(VjnqSk] i Ua`Ts<fq`�]^feUac\YTQ�l}]^Ua��[ecT[e`\XL�vQASkt�Ua��[ecY}VjfqYESrV i UaSk]
è i f�Y}Vjf(noUdXASbUa`Ag�feVjt�[ i Uafe`�fe`��=Q\[(`TseSk]�Ua`�]^fqUacJ[e`TX�] i VjSk[et��>[ i SvV ª�z [ecaU i l�~�[e`TX i fª�z [e` i UWg�l<cafq]^]^Sr]:f(g\` z�i VjUaSk` i ]yUd`J] i VjS�[(t � f���[e]^]^f��rU|[ i S�XL�-U i QJQ\[(VjnqSk] i Ua`TsC[e`\X<u z Vj`TUa`As

PRQTUa]OUd`}gif(Vjt�[ i Uafq`Zf(g��rf z Vj]^S�Ua]�noU i [ec�gif(VCg�feVjSk] i t�[e`\[(sqSrVj]C[e]CU i Sk`T[euAcdSr] i QASJUdX}Sk` i U ´ ��[ i Uafe`fegM�rVjU i Ud�k[ecMt�[(`\[(sqSkt�Sk` i Y}V=[e� i Ua�kSr]C[(`\X�[e]^]^f��kUd[ i S�X�` z�i VjUaSk` i cafq]^]^Sk]k~E[e`\X�QTSrcdYA] i f�Skne[ec z [ i Si QTS{] z ] i [eUa`\[(uTUacaU i l/feg i QTS�YTcd[e` i [ i Uafe`�gif(VjSk] i ]Og|Vjfqt i QTS�` z�i VjUaSk` i YEfqUa` i feg�noUaSr�<x� ijz XAUaSk]�fq` i QTS>Uat�Y\[(� i ]�fegGQ\[�VjnpSk] i Ua`Ts{[e`\XLu z Vj`AUa`Ts{f(g ´ Vj] i Vjf i [ i Udfe`�gif(VjSk] i YAcd[e` i S�X_fe`´ VjSr���kcaUat�[ x�i VjfqYAUd�k[ec�seV=[(]^]^cd[e`\XJfq` i QTS:[�ne[eUacd[euTUacaU i l�f(gT` z�i VjUaSk` i ]�gifeV�[-]^Sr�kfq`TX<Vjf i [ i Uafq`L[(VjS�[e]
²} #h
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l�S i `Tfe`A��S x Ua] i Sk` i x � f��RSknpSvV�~q[>` z tLuESrVyfegA] ijz XAUaSk]yQ\[�npS:uESkSk`�Y z uTcaUa]^QTS�X�X}Sk]^�rVjUauTUa`TsO�=Q\[e`AsqSk]Ua`J]^fqUacAY}VjfqYESrV i UaSk]�g�fqcacaf��-Ud`As i QTS��kfq`onpSvVj]^Udfe`_f(g\`\[ ijz V=[(cpV=[eUa`Ag�feVjSk] i`i f�YAcd[e` i [ i Uafq`�gif(VjSk] iMo � � «��� f(Vj`Agif(V i Qy~ q9�8��~��<¬�z `TXAseVjSr`y~ q��8�����I� QTU � Uaf j Sq~ q��k�r~2�<� [(]^SZ[e`TX §Rfeca] i SrV�~ q��k�r����¬Oz ]^]^Skcac�~q9�r�r�2�<| V z U � ` � SkSkc�~ q9�r�8z u � x §Az V i QTSvVjt�feVjSq~��kfqt�Y}VjSkQTSr`T]^UanpS�VjSknoUdSv�-]�f(g i QAS�caU i SvV=[ ijz VjS�fq`S m Sr� i ]>feg�XAUa] ijz VjuT[e`T�rS�feg i VjfqYTUa��[(cEV=[eUa`/g�feVjSk] i Sk�kfe]®l}] i Skt�]>fq`���[(VjuEfe`y~A` z�i VjUaSk` i [(`\X��>[ i SvV�rl}�kcaSk]JQ\[�npS�uESrSk`2Y z uTcaUa]^QTS�Xhuol | V z U � ` � SrSkc o>q9�r�r~q� [(`\X y `\XASvVj]^fq`�[(`\X��oYESk`T�kSvV o>q9�r��q�� xy c i QAf z sqQ i QTSr]^S_] ijz X}UaSk]�YESrV i [(Ua` i f�`T[ ijz V=[(c�gif(VjSk] i ]k~�feg:�-QTUa�vQ i QASLuAUdfet�[e]^]�[e`\XZ` z�i VjUaSk` i�kfe` i Sk` i [�VjSCt z �=Q_QTUaseQTSrV i Q\[e` i QTfq]^SOfeg�YAUd`AS-YTcd[e` i [ i Uafe`�g�feVjSk] i ]k~}]^fet�SO�rc z Sk]R[�VjSCY}Vjf�n}UdX}S�X[(] i f_�-Q\[ i �vQT[e`TseSk]>Ua`�]^feUdcy�vQASkt�Ua] i V^l�~o[e]>��SkcacM[(]-�R[ i SrVO[(`\X�` z�i VjUaSk` i �rl}�kcaSk]-[(VjS<caU j SkcWl i ff��k� z VC[e]O[LVjSk] z c i f(g i Uat_uESrVRVjSrt�f(ne[ec�[(`\X�u z Vj`TUa`As_feg�]^c|[(]^QZfeg i QAS ´ Vj] i Vjf i [ i Uafq`�x§ feVjSk] i �kcaS�[�V=[e`A�kS<[e`TX�] z uT]^S ªoz Sk` i u z Vj`TUa`As z ] z [(cdcWl�VjSk] z c i ]>Ud`�[(`/Ua`T�vVjS�[e]^S{Ua`�]^fqUacGu z c jX}Sk`T]^U i l�~A[(`\X�[_XASk�rVjSk[e]^S�Ua` i fqYA]^fqUacMYEf(Vjfq]^U i l�[e`TX/Ua` ´ c i V=[ i Uafq`Z��[(Y\[(�kU i l�x:PRQTUa]-Ua] i QAS�VjSk] z c if(g�]^fqUac�X}Ud] ijz Vju\[(`T�kS�[(`\X��kfet�Y\[(� i Uafq`y~TSkU i QTSrVOu�l�npSkQAUd�rcdSr] o%� [e`�XASrV-¯2SrSrV i [e`\X ¬ Sk`A]^SkcaUd` j ~q9�8�rz���¬yz `\X}seVjSk`�~ q��8������{ [(t�[(V z�� [et�[(`h° z ]^f m ~ q��k��qk�`� [ecat�SrV�~ q��k�r�2��� [(`bXASrV � cd[e]�[(`\X| V z U � ` � SkSkc�~ q9�r�r�2� °qS i-i Sk`�~ q9�r�ktp� f(V�u�l±V=[(Ua`\X}VjfeY�Udt�YT[e� i [(`\XwUa`T�rVjSk[e]^S�X�cafq]^]^Sk]�f(gJ]^fqUacf(Vjsp[e`AUa�/t�[ i-i SrV o [e]L[��kfq`A]^S ª�z Sk`A�kS�feg-QTUaseQTSrVL]^fqUac i Skt�YESvV=[ ijz VjSr]L[(`\X²S x YEfe] z VjS i fZ]^fqcd[�VV=[eXAUd[ i Uafq` � caS�[eXAUa`Ts i f�] i V z � ijz V=[ecRX}SkseV=[eXT[ i Udfe`�[e`TX²SrVjfq]^Uafe` o%� l�S�[(`\X�³CVjSrSk`Tcd[e`TX�~ q9�rwk~��¬�z `\X}seVjSk`�~ q��r�k���p¬ [(c�~ q��k�8����y `TXASrVj]^fe`J[e`\X��oYESk`T�rSrV�~ q��r�2q�� x�PRQAS�S x2i Sk` i#i f>�-QTUa�vQ�YAQol}]^Ua��[(c]^feUdc�Y}VjfqYESrV i UaSk]�[�VjS�[ec i SrVjSkXhX}SkYESk`\X}]�t�[(Ud`AcWlZfq` i QTS i l}YESLf(g�S ªoz UaYTt�Sk` iCz ]^S�X�gif(V i Uat_uESrVS x2i V=[(� i Uafq`�[(`\X i QAS�npfec z t�S_f(g i Uat_uESrV i QT[ i Ua]�S x2i V=[e� i S�XGx � [e` z [ec:S x2i V=[e� i Uafq`²sqSk`ASrV=[ecacWlcaS�[eXA] i f�cdf��´XAUa] ijz VjuT[e`A�kSq~T�-QASrVjS�[(]�XA[et�[eseS�Ud`A�rVjS�[(]^Sk]�s(VjS�[ i cWl��-QASk`�QAS�[�nol�t�[(�vQAUd`ASrV^l/Ud]z ]^S�X o�¬ [(c�~ q��k�8���#� [ecat�SrV�[e`TX�³CVjUaYy~ q��r�k~���| V z U � ` � SkSkc�~ q9�r�8z [ � ~GYT[(V i Ua� z cd[�Vjcal/UWg i QTS<]^feUdcMUd]��S i[o%Ç Ud[e]O[e`TX � f(V i QT�kcaU m ~ q��r�r� [o~ u � { [et�[�V z3� [(t�[e`�° z ]^f m ~ q9�r��q��¬ Skt�f�ne[ecTf(g i QASOg�feVjSk] i �kf�npSrVRseSk`TSvV=[ecacWl�VjS�X z �kSk] i QASC[(t�f z ` i ]:feg��>[ i SrV>cafq] i uolLV=[eUa`Agi[ecacUa` i SrVj�kSkY i Uafq`m[e`TX i V=[e`A]^YTUWV=[ i Uafq`�~ i QTSrVjSruol/Ua`T�rVjSk[e]^Ua`Ts i QTSJ[(`T` z [(cy�>[ i SrV�l}UaSkcdX o�| fe]^�vQm[(`\X� Sr�-caS i-i ~ q9�r�8ze� ~�t�fq] i cWl i Q}Vjf z seQ²Ua`T�vVjS�[e]^S�Xbu\[(]^S � f��µcaSknpSkca] o�| V z U � ` � SkSrc�~ q��k�r~���� [(cdt�SvV�~q9�r�r�q� x � f��RSknqSrV�~}Ud`�]^fqt�S�Ud`A] i [e`A�kSk]>]^QTUWg i ]>Ud` i QTSC] i VjS�[et � f��¶VjSksqUat�S{[�g i SrVOX}Srgif(VjSk] i [ i Uafe`y~��SrVjS�] z �=Q i QT[ i VjS�X z � i Uafq`A]�Ud` i QTS�XoV^lb]^S�[e]^fe` � f��·�RSrVjS�feuT]^SrVjnqS�X o�| V z U � ` � SrSkc�~ q��k�r� u � x¯¶QAS i QTSvV�] z �vQ_[{]^QTUWg i f��k� z Vj]�]^SrSkt�] i f<XASkYESr`\XLt�[(Ua`TcWl_fe` i QTS>Ua` i Sk`A]^U i lJfeg i QTS>]^feUacEXAUa] ijz V^�uT[e`T�rSqx � ` ´ c i V=[ i Uafq`��k[eY\[(�kU i UaSk]�f(g z `\X}Ua] ijz VjuES�X�gif(VjSk] i ]^feUdca]C[(VjS z ] z [ecacWl�QAUasqQy~AcaUat�U i Ua`As i QTSf��k� z V^VjSk`A�kS{feg�f(nqSrVjcd[e`\X � f���[(`\X�[(]^]^f��kUd[ i S�X�SvVjfq]^Uafq`�~\[(`\X�[(cacdf��-Ua`Ts i QTS�VjSkYAcaSk`TUa]^QTt�Sr` i fegs(Vjf z `TX}�R[ i SrV�VjSr]^SrVjnpfqUWVj]:X z VjUa`Ts-YESrVjUafoXA]��-U i QJQTUasqQ�V=[eUa`Agi[ecac�x ¬ Srt�f(ne[ecqfeg i QAS�g�feVjSk] i [(`\X i QTS[(]^]^f��kUd[ i S�X��kfe`T] i V z � i Uafq`�f(gEUat�YESrVjnoUdf z ]�Vjfq[qXA]:[(`\XLcd[(`\XAUa`Asq]�caS�[qX}] i f�[CVjS�X z � i Uafq`LUa`���[ i �=QA�t�Sk` i Ua` ´ c i V=[ i Uafq`²��[eYT[e�kU i l�~��-U i Q i QTS_c|[�VjsqSk] i VjS�X z � i Uafq`A]<fq` i V=[e� j ]k~yVjfp[eXA]J[e`TXhcd[e`TXAUa`Tse]o�| V z U � ` � SkSkc�~ q9�r�rz [ � x � gyu\[(]^Ua`�Ua` ´ c i V=[ i Uafq`��k[eY\[(�kU i l�Ua]RVjS�X z �kS�X�uESrl�fe`\X�[L�kSvV i [eUa` i VjSk]^QAfqcdXne[ec z Se~pf�npSrVjcd[e`TX � f���t�[klJuESk�kfet�S��-UdXASk]^Y}VjS�[qXG~ i QTSrVjSruolJ[ m Sk� i Ua`Ts i QTS>]^Q\[(YES>feg i QASRQ�lAX}Vjfe�s(V=[eYTQ o � � «��8i Uat�S i fLYES�[ j ~ot�[ese`TU ijz X}SCf(g�YES�[ j XAUa]^�=Q\[�VjsqS � [(`\X i Q z ]�Ua`T�vVjS�[e]^Ua`TsL] i feVjt � f��npfec z t�S�[(`\X²caUat�U i Ud`As i QTS�YESrVj�rfqcd[ i Uafq`�f(g-�>[ i SvV i f�s(Vjf z `\X}�R[ i SrVJVjSk]^SrVjnqfqUWVj]kx ä Vjfq]^Uafq`�[(][ZVjSk] z c i fegCf(nqSrVjcd[e`\X � f��¸t�[�l²��[ z ]^S/g z V i QTSvV�XASrseV=[qXA[ i Uafq`�feg i QTS�]^fqUac�x�PRQTS��kfet_uTUa`AS�XS m Sr� i feg��vQT[e`AsqSk]<Ua` i QTSJQolAXoVjfqseV=[(YTQh[e`TXbQAUdseQhSvVjfq]^Uafq`bV=[ i Sk]<t�[klZcaS�[eX i f � f�foXAUa`As�[(`\X]^S�X}Uat�Sk` i [ i Uafq`�Y}VjfquAcdSrt�]>Ud`mX}f��-`T] i VjS�[(t�[�VjS�[e]CX z VjUa`Ts�YESrVjUafoX}]Cf(g�QTUasqQ�V=[(Ua`Ag�[(cac�~E�-QASrVjS�[(]i QASOVjS�X z � i Uafe`�Ua`�seVjf z `\Xo�>[ i SrVRVjSkYAcdSr`TUa]^QTt�Sk` i t�[kl�caS�[qX i f�VjS�X z �kS�X � f��-]>X z VjUa`Ts i QTSCX}V^l]^S�[(]^fq` o�| V z U � ` � SrSkc�~ q��r�k~p� x �!i g�fqcacaf��-] i QT[ i U i Ua]�f(g z�i t�fe] i Uat�YEf(V i [e`T�rS i f�t�Ua`AUdt�U � S�X}Ua]®�ijz Vju\[e`A�kS i f i QTS�]^fqUac>X z VjUa`TsZQT[(VjnpSr] i Ud`AsA~�YT[(V i Ua� z cd[�Vjcal2Ud`�[�VjS�[e]L�-U i Q�] i SrSkY i fqYEfeseV=[eYAQ�l�~QAUdseQ�V=[eUa`}g�[ecacyUd` i Sk`A]^U i UdSr]�[(`\X�[L]^S�[e]^fe`\[ec�V=[eUa`Agi[ecacMVjSkseUat�S o�� S�[(Vj�kS�[(`\X � [et�Uac i fq`�~ q9�r�kwp� x® YEfq`b�Rf�foX²S x2i V=[(� i Uafq`²] z uT] i [(` i Ud[(c�[(t�f z ` i ]{f(gR` z�i VjUaSk` i ]{t�[klmuES_VjSrt�f(nqS�XbUa`bQ\[�V^�npSr] i S�X i UdtLuESrV�[(`\X<SknpSk`Jcd[(VjseSrV:[et�f z ` i ]�[�VjS i V=[e`A]®giSrV^VjS�X�g�Vjfet i QTS�` z�i VjUaSk` i ��VjUa�=Q<��[e`AfqY�l i fi QASRgifeVjSr] i�� f�f(V�Ua`�]^cd[(]^Q o�| V z U � ` � SkSkc�~ q9�r�8z [ ��� l j noUa] i ~ q9�r�8ze� x § feV:YTcd[(` i [ i Uafq`T]:Sk] i [(uTcaUa]^QTS�Xfe`�s(V=[e]^]^cd[e`TXA]k~ i QTSC[et�f z ` i ]:fegy` z�i VjUaSk` i ]�] i f(VjS�X�Ud`�]^cd[e]^Q/[e`TX�cdU i-i SrVR[(g i SrV>�kfet�YTcaS i Uafq`�fegM[cafqsesqUa`TsLfqYESrV=[ i Uafq`��-UdcacGuESOt z �=Q�QTUaseQTSrV i Q\[e` i QT[ i ] i f(VjS�X�Ud` i QASCUa`TU i Ud[ecEs(V=[e]^]^cd[e`TX/npSrsqS i [��
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i Uafq` u caU i-i SrV{�kfet�YTcaS x ~E[(`\X�u z Vj`TUa`As�VjSk] z c i ]OUd` i QAS<] z XTX}Sk`�VjSkcaS�[(]^SLf(g�[�cd[(VjseSLY}VjfqYEf(V i Udfe`feg i QASk]^S<` z�i VjUaSk` i ]k~A�-QAUa�vQ�t�[kl�S�[(]^UdcWl�uES<cdfe] i u�l�npfec|[ i UacdU � [ i Uafq`hX z VjUa`As i QTS<u z Vj` o � � «��3� ~� �G¬ U i-i cdS_[e`TX � caf�� j ~ q9�r�8�e� ~Mf(V<Ua`Z�>[ i SvV<caS�[�n}Ua`As i QAS_]^U i S�[(]�V z `Af m f(V�X}V=[(Ua`\[eseS i f/XASkSrYseVjf z `\Xo�>[ i SrV o � � «��3{ ~ � sA~ � [ � PRUaS�XASkt�[(`T` � ¤0¥r¦£� ~ q9�8�����#��z XA]^fq` � ¤/¥r¦£� ~ q��r�k� u � x�PRQASrVjSr�gif(VjS<]^fqUacM` z�i VjUaSk` i ]RVjSk]^SvVjnpSk]Ot�[�l�uES{VjSkX z �rS�X/�kfe`T]^UdXASvV=[euTcWl�[(g i SrV�QT[(VjnpSr] i Ud`As�[e`TX/u z Vj`TUa`As�kfqt�YT[(VjS�X i f i QAfq]^S<YAVjSr]^Sk` i Ua` i QTS<feVjUaseUd`T[ecyseV=[e]^]^cd[(`\X�]^fqUaca]kx� feVj`}gif(V i Q o>q��r�k~p� feuT]^SrVjnqS�X�VjS�X z � i Uafe`T]Rf(g q���u��k~r� gif(V i f i [ec � ~ ~�u2w8�k� gif(V � [�ne[eUacd[euAcdS �� [e`TX q���u2��q�� gif(V�S x �=Q\[(`TsqSk[euTcaS { Ua`�[e�rU|X¶]j[(`\X}l�]^fqUaca] z `TXASrV t:u=q:z l�S�[�V�fec|X�¾R¿iÀTÁoÂ� ¥eÃ ¿�Ä ¥ � ¥ YTcd[(` i [ i Uafq`T]JUa`�PyVjUa`TUdXT[eX2�kfqt�YT[(VjS�X i f�VjSk]^SrVjnpSk]JUa`�]^fqUaca] z `TXASrV�`AS�[(Vju�lh`\[ ijz V=[ecgif(VjSk] i x ¬ Sk] z c i ]_gif(V�S x �vQT[e`AsqS�[(uTcaS � [b[e`\X � sm�RSrVjS�caSk]^]��rcdSk[(V�[(]�VjS�X z � i Uafq`T]_feg z Y i f�r�r� [(`\X �8zk� ~}[e]���SkcacG[e]�Ud`A�rVjS�[(]^Sk]>feg z Y i f q��k�8� [e`\X z�q:� �RSrVjSOfquA]^SrVjnpS�XG~�VjSk]^YESk� i UanpSkcWl�xPRQTSk]^S�` z�i VjUaSk` i cafq]^]^Sk]>��SrVjS<[e]^�vVjUduESkX i fJSrVjfq]^Uafq`�~Tu z�iKi QASCYEfe]^]^UauTUacaU i l�f(g�caS�[(�vQAUd`As_t�[kl�`Af iuES{S x �kc z X}S�X/Ua` i QAUa]-[(VjS�[�f(g�QTUasqQ/V=[eUa`Agi[ecac o [euEf z�iM�k~r~r~ t�t�l�S�[(V µC¶ �3� feVj`Ag�feV i Q�~ q��r�k~q� x¬yz `\X}seVjSk` o>q��8���p� �kfqt�YT[(VjS�X�]^fqUaca] z `\X}SrV�`\[ ijz V=[ec>g�feVjSk] i �-U i Q i QTfe]^S z `\X}SrVjcWl}Ud`As2[(`[eseS�]^SrVjUaSk]�f(g<¾R¿iÀTÁoÂ�Å ¥k¤ Á ¦s¥ [(`\XÇÆ�Á�Å Ã � ÂjÂjÁoÂ ¦ ÁoÂj¿ ¤"¥ ÀT¿ � ¥ YTcd[e` i [ i Udfe`T]�Ua` z YAc|[(`\X�P�[(` � [(`TUd[[e`TX/fquA]^SrVjnpS�X i Q\[ i0i QAS<]^fqUacMf(Vjsp[(`TUa��t�[ i-i SrVO[(`\X�`AU i VjfesqSk`��kfq` i Sk` i ]-Ua`T�rVjS�[(]^S�XZX z VjUa`Ts i QAS´ Vj] i/t:u2� l�S�[�Vj]O[(g i SvV�Sk] i [(uTcaUa]^QTt�Sk` i x�PRQTUa]>�>[(]Og�fqcacaf��RS�XZu�l/[�XASk�vVjS�[e]^SJX z VjUa`Ts_YESvVjUdfoX}]Cf(gQTUasqQh` z�i VjUaSk` i<z Y i [ j S o [esqS q���u2zk~ l�S�[�Vj] � [e`\Xbu�lb[e`²Ua`A�rVjS�[e]^S�Ua`²fecdXASrVJYTcd[(` i [ i Uafq`T] o [(sqS[euEf�npS �r~ l�S�[�Vj] � x�� i f�� j ]_feg � [e`TX { ~�uEf i Q�Ua`�[�ne[eUacd[euTcaS�[e`\X2VjSk]^SvVjnpS/g�feVjt�]k~�XASk�kcaUa`TSkX�-U i Q�YTcd[e` i [ i Udfe`Z[eseS{�-QTSrVjSk[e]O`Tf��kcaS�[�V i VjSr`\XA]R��SrVjS�fquA]^SrVjnpS�X�gifeV � [�[e`TX � s}x ¬�z `\X}seVjSk`o>q��r�k�p� �kfq`A�kc z X}S�X i Q\[ i cafesqsqUa`As_X z VjUa`Ts i QASOYESvVjUdfoX�f(g�t�[ x Uat z t´YAVjfoX z � i UanoU i lL��f z c|X�QT[�npSVjSk] z c i S�X�Ua`Z[�XAS i SrVjUafeV=[ i Uafe`Zfeg i QAS<]^fqUacyg�SrV i UacdU i l�x� QTU � Udf j S o>q��k�r~q� ] ijz XAUaS�X i QTSLS m Sk� i ]<f(g i QTSLSk] i [euAcaUd]^QAt�Sk` i fegRYTcd[e` i [ i Uafe`T]<Ua` � UdseSrVjUd[[e`TX | V=[ � Uac:fq`b]^fqUac�YTQ�l}]^Ud�k[ec:[e`TXm�=QTSrt�Ud�k[ec�YAVjfeYESrV i UaSk]�[e`TXb�rfq`T�rc z XAS�X i Q\[ iI{ X}S ´ �rUdSr`T�rl�kf z cdX2uESk�kfqt�S�[ZYAVjfeuTcaSkt
Ua`2g z�ijz VjS�Vjf i [ i Uafe`T]�f(g�È�É � ¦ ¿iÀ ¥n¥eÃ ÄjÊ Ã � ¥ Ua` | V=[ � Uac�~�[e`TX i fm[caSk]^]^SrVZS x2i Sk` i Ua` � UasqSrVjUd[ox � f�SknoUdXASr`T�kSm�>[(]/gif z `TX i QT[ iZi QTSZVjSkt�f�nq[(c�f(g_` z�i VjUaSk` i ]�Ua`Q\[�VjnpSk] i S�X�¾R¿iÀTÁoÂ � ¥eÃ ¿�Ä ¥ � ¥ �Rf z cdX��vVjS�[ i S/YAVjfquAcaSkt�]Jg�feV�g z�ijz VjS�Vjf i [ i Uafq`T]k~�YAVjf�noUdXAS�X i QT[ i]^fqUac�X}Ua] ijz Vju\[(`T�kS{X z VjUa`As_Q\[�VjnpSk] i Ua`TsL�Rf z cdX�uES<t�Ua`TUat�U � S�X�[e`\X�]^cd[e]^QZ`Tf i uES<u z Vj`TS�XGx¬Oz ]^]^Skcac o>q9�r�r�q� �kfet�Y\[�VjS�X i QTS�` z�i VjUaSk` i �kfq` i Sk` i ]Jfeg z c i Ua]^fqca] z `\X}SrV�V=[eUa`�gifeVjSr] i �-U i Qi QTfe]^S�Ua`<VjSk�kSk` i cWl<cafqsesqS�XJ[e`TX<u z Vj`AS�X<[(VjSk[e]�[(`\X{�-U i Q i QAfq]^S z `\X}SrVM[e` � x � lpS�[(VMfqcdX�ÈRÉ � ¦ ¿iÀ ¥¥eÃ Ä=Ê Ã � ¥ ] i [e`TXh[(`\Xb[ � x � l�S�[(V�fecdX²¾R¿iÀTÁoÂ � ¥(Ã ¿�Ä ¥ � ¥ g�feVjSk] i Ua`h°p[(VjU § cafeVjSk] i [(c�~ | V=[ � Udc�x�PRQASgiSrV i UacaU i l�f(g i QTS>]^fqUac\�R[e]�VjSrYEfeV i S�X i f�Q\[�npS-Ua`T�vVjS�[e]^S�X�Ua`TU i Ud[ecacWl�[(]R[�VjSk] z c i feg i QTS-QT[(VjnpSk] i Ua`As[e`TX�u z Vj`TUa`AsLf(g i QTSOV=[eUa`/g�feVjSk] i u z�i U i X}Sk�rVjS�[(]^S�X�Ua` i QAS��kf z Vj]^S<f(g i QTS ´ Vj] i Vjf i [ i Uafq`�xRPRQASXASk�vVjS�[e]^S�Ua` i f i [ec�` z�i VjUdSr` i ] i f�� j �>[e]J] z �=Q i QT[ i ` z�i VjUaSk` i XAS ´ �kUaSk`A�kUaSk] o � � «���� sA~ � ~ � [ ��RSrVjS�Y}VjS�XAUa� i S�XbgifeV i QTS�]^Sr�kfq`TX2feV i QTUWV=X²YTUa`AS�Vjf i [ i Uafe`T]kx �"i ]^QAf z c|XhuES�`Af i S�XG~�QAf���SknpSrV�~i Q\[ i [ecac-feg i QTS/[euEf�npS/] ijz XAUaSk] z ]^S�X i QTS � g�[eca]^S i Uat�S�]^SrVjUaSk] � VjSvgiSrV^VjS�X i fbS�[(VjcaUaSrV/[e`TX i QASVjSk] z c i ]-]^QTf z cdX i QASrVjSrg�feVjS�uES i VjS�[ i SkX��-U i Q���[ z�i Uafq`�x�}feUacAX}Ua] ijz Vju\[(`T�kS�[e]^]^f��kUd[ i S�XL�-U i Q i QAS�QT[(VjnpSk] i Ua`AsCY}Vjf��kSk]^]��>[(]�QTUasqQJUa`_[(cac i QASk]^SR] ijz XAUaSk][e`TX2�kfq`A]^U|X}SrV=[euAcaS ª�z [(` i U i UaSk]JfegO` z�i VjUaSk` i ]��RSrVjS�SknpSr` ijz [ecacWl²cafe] i [(g i SrV i QAS��kfq`onpSrVj]^Uafe`�f(g`\[ ijz V=[ecRg�feVjSk] iHi fbYTcd[(` i [ i Uafq`±g�feVjSk] i x�PRQTSvVjSrgif(VjS�]^fqt�S j Ua`TX�f(g{` z�i VjUaSk` i XAS ´ �kUaSk`T�rl��R[e]YAVjS�X}Ua� i S�X i fmf��k� z V�Ua`�g z�ijz VjS�Vjf i [ i Uafq`A]k~�] z sqseSk] i Ua`Ts i Q\[ i ] z ] i [(Ud`AS�X2l}UdSrc|X}]_t�[klh`Tf i uESYEfq]^]^UauTcaS��-U i Q i QAS_� z V^VjSk` i t�S i QAfoXA]{f(g>cafqsqseUa`Tsm[e`TXbUa` i Sk`A]^U i UaSk]�f(g��Rf�foXhS x2i V=[e� i Uafq`²[e`TX]^U i S�YAVjSkYT[(V=[ i Udfe`yx�PRQTS�Ua`}gifeVjt�[ i Uafq`�seUanpSk`±[euEf�npSZ[(cd]^f²] z sqseSk] i ] i Q\[ i [e`�l�]^fqUacOYTQ�l}]^Ua��[ecfeV<�=QTSrt�Ud�k[ec�Uat�YAVjf�npSkt�Sr` i fqu i [eUa`TSkXhX z VjUa`Ts i QTS_[e� i UanpS�s(Vjf�� i QhYAQ\[e]^S_feg i QASLg�feVjSk] i6o ¿ � � �YTQT[e]^S i ��f � t�[kl�uES:f m ]^S i u�l i QTS:XAUa] ijz VjuT[e`A�kS�feg i QTS�]^fqUaco[e`TX<[e]^]^f��kUd[ i S�XLcafq]^]^Sr]�fegA` z�i VjUaSk` i ]X z VjUd`As_YAQ\[e]^S i Q}VjSkSqxPRQTS�]^U ijz [ i Uafq`LUa]:]^caUasqQ i cWlLXAU m SrVjSk` i Ua` § U � U}�-QASrVjS i QAS>¾R¿iÀTÁoÂ � ¥eÃ ¿�Ä ¥ � ¥ YTcd[(` i [ i Uafq`Lg�feVjSk] i ]Q\[�npS{uESrSk`�YTcd[(` i SkX�fq`Zfec|X/seV=[e]^]^cd[(`\XA]C�-U i QAf z�i t z �=Q�X}Ud] ijz Vju\[(`T�kS i f i QAS<]^fqUac�X z VjUa`Ts i QAS´ Vj] i Vjf i [ i Uafq`�x §Tz V i QTSrVjt�f(VjSq~ i QTS�]^fqUaca]L[(VjS�`Tf iIi f�fmXASkYAcdS i S�X�~�[e`\XbVjf�f i ]��RSrVjS�feuT]^SrVjnpSkXi f_YESk`AS i V=[ i S�Ud` i f i QTS � fq`TS�feg�[(� i UanpS��RSk[ i QTSvVjUd`As�[e`TX�SrnpSk`�Ua`��rV=[e� j ]-Ud` i QTSCuES�X}Vjf�� j x y ]
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] z �vQ i QASJg�feVjSk] i ]{Ua` § U � U�t�[kl�feu i [(Ud`m]^fet�SJf(g i QASkUWV{` z�i VjUaSk` i VjS ª�z UWVjSkt�Sk` i ]OXAUWVjSk� i cal�g�Vjfqt��S�[ i QASrVjUa`Ts_f(g�Y}VjUdt�[�V^l�t�Ua`TSrV=[(cd]kx � f��RSknpSvV�~ASrnpSk` z `TXASrV i QASk]^SCVjSrc|[ i UanpSkcWl�g�[�npf z V=[euAcdS��kfq`}�X}U i Uafe`T]-XASrYTcaS i Uafq`�f(g i QAS{]^fqUac�` z�i VjUaSk` i VjSk]^SrVjnpSr]Ot�[kl�SrnpSk` ijz [(cdcWl�f��k� z VOUWg i QTS�[ i t�fq]^YAQTSrVjUa�` z�i VjUaSk` i Ua`TY z�i ~ i QTS�` z�i VjUaSk` i ] z YAYTcWlmg�Vjfqt���S�[ i QASrVjUa`TsA~ i QAS�VjS i Sk` i Uafq`�f(g-` z�i VjUaSk` i ] i Q\[ i��f z cdXmf i QASrV^�-Ua]^S�Q\[�npSJuESkSk`ZVjSkt�f�npS�XZX z VjUa`Ts�YESrVjUafoXAUa�LseV=[e]^]^cd[(`\Xb�-UacdX ´ VjSk]�[e`TX i QTSJsp[eUa`f(gR` z�i VjUaSk` i ]Cg|VjfqtßVjSkX z � i Udfe`T]<Ua`m�>[ i SvV<lAUaSkcdX}]<X z VjUd`As/YAQ\[(]^S i ��f�[�VjS�caSk]^] i Q\[(`²[(t�f z ` i ]VjSkt�f�npSkX�u�l�caS�[e�=QTUa`AsA~\SvVjfq]^Uafq`�~\npfec|[ i UacdU � [ i Uafq`m[e`TX�Ua`�QT[(VjnpSk] i Ua`As_feg�t�SvVj�vQT[e` i [euAcdS i Uat_uESrVX z VjUa`TsLYTQ\[(]^S i QAVjSkSexPRQAS ´ Vj] iKqrq t�fq` i QT]�fegAVjSk]^S�[�Vj�vQJUa` i QAS Æ caSkfecdSrsp[���[ i �vQAt�Sk` i ��SrVjS��rfq`\X z � i SkX<�-QASk` i QTS��[ i �vQAt�Sk` i �R[e]>�kfet�YTcaS i SkcWl z `TXASrV�gif(VjSk] i x Ç [ i [�fq`�]^feUac��=Q\[�V=[e� i SvVjUd] i Ua�k] o �oSk� i Uafq`A] t x � [(`\Xt x tp� ~A�R[ i SrV>l}UaSkcdX o �oSk� i Uafq` � x �q� [(`\X��>[ i SrV ªoz [ecaU i l o �oSk� i Uafq` q�� x � x zq� �kfqcacaSk� i S�X�X z VjUa`As i QAUd]YESrVjUafoX��RSrVjS z ]^S�X�[e]R[JuT[e]^SkcaUa`TS<[(sp[(Ud`A] i �-QTUa�=Q i QAS�Uat�Y\[(� i f(gMQT[(VjnpSr] i Ud`As_[(`\X�] z uA]^S ª�z Sk` iu z Vj`TUa`As�fegL]^c|[(]^Q��rf z cdX¶uESh[e]^]^Sk]^]^S�XGxàPRQTSbUat�Y\[e� i ]�fegJ�rl}�kcafe`TS��oUa`\[}~CQ\[�VjnpSk] i Ua`Ts�[(`\Xu z Vj`TUa`As�fq`y~-VjSk]^YESr� i UanpSkcWl�~ i QTSmnpSkseS i [ i Uafq`�~�caU i-i SrV�c|[kl�SvV�~�]^feUdc�~{[e`\X��R[ i SrV ª�z [e` i U i l±[(`\Xª�z [(caU i l_�-UacacGuESCS x [(t�Ud`AS�X_Ua` i QTS-gifecdcaf��-Ua`Ts�]^Sr� i Uafq`T]k~o�-QASrVjS�[e]R[�` z�i VjUdSr` i u z XAseS i g�feV-[{g z cacVjf i [ i Uafq`m[(`\X�[(`�Skne[ec z [ i Udfe`Zfeg i QAS<] z ] i [eUa`T[euTUacaU i l�feg i QTS<YAUd`AS<YTcd[e` i [ i Udfe`T]OUa` § U � Uy�-Uacac�uESY}VjSk]^Sk` i S�X/Ua` � QT[eY i SrV q�w x
8:9{;=8-;âá ã�F-ä-äONv@�ä�å±DGF<K�æ:HJIJDGæ:çMèR?A@JérD�êRçABED�ILKMBEIJDGæ�ê>@JHìë{NjBEæ�å�DGæ�íLê�î

D�ê�BGN=FO@
� [(VjnpSk] i Ua`As�] i [(V i S�XwUa` Ç Sk�rSkt_uESrV q9�r�k~ [ i [(sqS q:� x � [(]�[2]j[ecane[eseShfeYESrV=[ i Uafq`�[�g i SrV i QTSg�feVjSk] i Q\[eXhuESkSr`²]^SknpSvVjSkcWl2XA[et�[eseS�Xmuolb�rl}�kcafe`TS��oUd`T[/Ua` � f(nqSkt_uESrV q��k�r~ [e`TXh�kfe` i Ud` z S�Xz ` i Uac yCz s z ] i ~ q��r�2q x y uA]^fqc z�i Sm[(`\X�� z t z c|[ i UanpS�t�fe` i QAcWl i f i [eca]�feg<cafqsesqS�X¶[�VjS�[e]k~C[(`\Xi QAS�Q\[�VjnpSk] i Ua`Ts�Y}Vjfqs(VjSk]^]LS x Y}VjSk]^]^S�X2[(]_[/YESrVj�kSk` i [eseS�feg i QAS_gif(VjSk] i S�X�[(VjSk[ o"�2q x w QT[ � [(VjS]^QAf��-`�Ud` § Uds z VjS q�� x q x ¬ fqsesqUa`Ts�Y}Vjf��kSkS�X}S�X�]^caf��-cWlZX z VjUa`Ts i QAS��RS i ]^S�[(]^fq`y~TY\[�V i cal�X z S i f[eXAnpSrVj]^S{��S�[ i QASrVC�kfq`TXAU i Uafq`T] o �RS i ]^feUdca]OYAVjSknqSk` i Ud`As_�Rf�foX�S x�i V=[(� i Uafq` � ~E[e`TX�Y\[�V i cWl�X z S i f�kfe` � Ud� i ]RuES i ��SkSk` i QTSOcd[e`\X�f��-`TSvVj]-[e`\X § U � U � Ua`TS ¬�i X�x y uEf z�i/�k~r� feg i QTSC[(VjSk[LQ\[eX�uESkSk`cafqsesqS�X2Ua` � [kl q��r�2q �-QTSrVjSk[e] i QTS�VjSkt�[(Ud`TXASrV��R[e]�VjSkt�f�npS�Xht z �=Qht�f(VjS ª�z Ua� j cWlhX z VjUa`Tsi QAS{] z uA]^S ª�z Sk` i X}VjUaSrV-t�fe` i QT]kx| Srgif(VjS_Q\[�VjnpSk] i Ua`Ts i QASL[�VjS�[ i [ j Sr` z YZu�l/g|VjS ª�z Sk` i cWl z ]^S�XZ[e`TX�VjSks z cd[(VjcWlZt�[eUa` i [eUa`AS�XVjfq[qXA] o gifeV ´ VjS�Y}VjSknpSk` i Uafq` ��i f i [ecacaS�X q x t QT[ o"z x zk� f(g i f i [(cG[(VjS�[ � �-U i Q�[ i f i [(c\Vjfp[eX�caSk`As i Q
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feg z x ~Hj t�x�PRQTSk]^S<�RSvVjSJcaf���[ i S�XZfq` i QAS{VjU|X}sqSk]-gif(Vjt�Ua`Ts i QTS<]^f z�i QASrVj`m[e`TX�S�[e] i SvVj`Z��[ i �=QA�t�Sk` i uEf z `\XA[(VjUaSk] o�§ Uas z VjS � x tp� xRPRQAS<[(VjS�[Jfeg�Vjfq[qX}]O�rfq`T] i V z � i S�X�gif(VCYAcd[e` i Ua`Ts_Y z VjYEfe]^Sk]>Ua`q��r�r� ~T[e`TX�Ud`}g�VjS ª�z Sk` i cal z ]^S�X i QTSrVjSk[(g i SvV�~\[(t�f z ` i S�X i f q x ~ QT[ o>q x w8��� �-U i Q�[ i f i [ecGcaSk`Ts i Qfeg q x zFj t�x²PRQTSk]^S�Vjfp[eXA]��RSvVjS�caf���[ i SkX�fe` i QAS�VjUdXAseSk]_g�feVjt�Ua`Ts i QTS��RSk] i SvVj`±��[ i �vQAt�Sk` iuEf z `\XT[�V^l�x yKi�i QTS i Udt�S-f(g i QASO] ijz X}l_]^fqt�SO]^Sk� i Uafq`A]Rfeg i QTUa]:Vjfp[qX o [(VjSk[ ~ x � QT[ � ��SrVjS��rfqt��YTcaS i SkcWlmf�npSrVjs(Vjf��-`²�-U i Q²seV=[(]^]^Sk]J[e`TXbl�f z `Ts�YTUa`AS�[e`TX�Æ ¥ ÂjÁ ¥eÃ ¿iÀ ¥;i VjSrSk]kx�PRQAS i f i [(c�[�VjS�[�kf�npSrVjS�Xbu�lbVjfq[qX}]LY}VjUdf(V i f�Q\[�VjnpSk] i Ua`TsZ[(t�f z ` i SkX i f z x t Q\[}~�feV � x �8� f(g i QTS���[ i �vQAt�Sk` i[(VjS�[o~E�-U i Qh[ i f i [(cMVjfp[eXbcaSk`As i Qmfeg � x zHj t�x | Srgif(VjS�[(`\XZ]^QTf(V i calZ[(g i SvV<Q\[�VjnpSk] i Ua`Ts�] i [(V i SkXo%Ç Sk�kSrt_uESrV q9�r�k~ ~E°q[e` z [�V^l q9�r�2q�� S x Ua] i Ud`As_Vjfp[eXA]>�RSvVjS z YTs(V=[qX}S�X�[(`\X�c|[(`\X}Ud`Asq]O[e`TX/cd[e`TX}�Ua`Ts�[e�k�rSk]^]{Vjfp[eXA]��rfq`T] i V z � i S�XGx<PMf�g�[(�kUacdU i [ i S�S x2i V=[e� i Uafe`²[eXTXAU i Uafq`T[ec�Vjfq[qXZ� z�i ]O�RSrVjSLcd[ i SrV�kfq`A] i V z � i SkX�Ua`�YEf�feVjcWl/[e�k�rSk]^]^UauTcaS�[(VjS�[(] o � � «�� fq`�] i SkSkY�]^cdfeYESk] ��z ]^Ua`As_QTSk[�n�l�Sk[(V i Q�t�f(noUa`Tst�[e�=QTUa`TSvV^l�x y ` z YAQTUacac>cdfesqseUd`As i Sk�=QT`AU ª�z S��R[e] z ]^S�X�Ua`��-QAUa�vQ�] j U|XAXASrVj]_fqYESrV=[ i S�X�g|Vjfqti V=[e� j ]-gi[e`A`TUa`Ts�f z�i g�Vjfet i QTS<cd[e`TXAUa`Tse] i f_VjS i VjUdSrnpS i VjSkSk]>giSkcacaS�XZX}f��-`A]^cafqYESqxRPRQTS�S m Sk� i fe`i QTSJUa`Ag�V=[(] i V z � ijz VjS�feg i QTSL��[ i �=QTt�Sk` i Ud]<noUa] z [(caU � S�XhUa` § Uds z VjS q�� x z x | l i QTSLSk`\XmfegR° z cWl�~q��k��q ~�Vjfp[eXbcaSk`As i QmQ\[eXbUa`A�rVjS�[e]^SkXb`AS�[(VjcWl i QAVjSrSrgifec|X i f � x �Lj t�~G[(`\X i QTSL[(VjS�[��kf�npSrVjSkXbu�lVjfp[eXA]{[(`\X�cd[(`\XAUa`Asq]�QT[qX�Ua`T�vVjS�[e]^S�X i f t x � Q\[o~\�-QTSvVjS�[e]C] j UdXAXASrV i V=[e� j ]Cf��k� z YTUaS�Xm[(`Tf i QASrVq x z QT[}x y ]>] z �vQ i QTS i fqYA]^fqUac�Ud`�[e`Z[�VjS�[_�kf�npSrVjUa`As�]^fqt�S q9~8� feg i QTS i f i [ecM�k[ i �=QTt�Sk` i [�VjS�[�>[(]CX}Ua] ijz VjuES�X�]^SknpSrVjSkcWl�[(g i SrVO�kfqt�YAcdS i Udfe`�feg�Q\[(VjnqSk] i Ua`TsAxPRQTSJ]^cd[e]^Q�~ z `\X}SrVjseVjf�� i QmnpSkseS i [ i Uafe`h[(`\X�caU i-i SrV{cd[kl�SrVC�RSrVjSJu z Vj`TS�X�Ua` i QASLSknqSk`TUa`Ts�f(gyCz s z ] i5q:� ~>[(g i SvV�Q\[(VjnqSk] i Ua`Ts²QT[qX�uESkSk`��kfqt�YAcaS i S�X�uol i QAS�Sk`TX�f(g�° z cal�x�PRQTS ´ VjS��R[e]Uasq`TU i S�X�fq` i QTSOVjUdXAsqSr]-[e`\X�u z Vj`TUa`Ts�Y}Vjf��kSkS�X}S�X/X}f��-`o�R[(V=X}] z ` i Uac i QTS ´ VjSCVjS�[(�vQAS�X i QTS-�RS iVjUaY\[(VjUd[(` � fe`TS_�-QASrVjS�U i ] i fqYAYES�XhX z S i f�cd[e� j feg-XoV^l�g z Skc�x�PRQTSLu z Vj`m�>[(]JXAfq`AS�[ i `TUasqQ i�-QTSk`/caf����-Ua`\X�]^YESkS�X}]Ot�Ua`AUdt�U � SkX i QASCVjUa] j f(g�]^YAVjSk[qXAUa`As�feg i QAS ´ VjS i f�[qX � [(�kSk` i gifeVjSr] i S�X[(VjS�[(]kx�PRQTS�caU i-i SrV�cd[kl�SrV�t�feUa] ijz VjS��kfq` i Sk` i �R[e]�t�Sk[e] z VjSkX2fq` yCz s z ] iHz [e`\X�[(t�f z ` i S�Xi f zk��o�ï�q9�p�-� feg�X}V^l²��SkUasqQ i x � fmV=[(Ua`Ag�[(cac-�R[e]_VjSr�kfeV=X}S�X z ` i Uac yCz s z ] iLq:� [e`TX i QTS�cdf��t�fqUa] ijz VjS��kfq` i Sk` i feg i QTS<]^cd[e]^Q�VjSr] z c i S�X�Ua`Z[_QAUasqQ�Ua` i Sk`A]^U i l�u z Vj`�xPRQTS z `TXASrVjs(Vjf�� i Q�nqSksqS i [ i Uafq`�VjS ijz Vj`AS�X²�-U i QTUa`�]^SknpSrV=[(c>t�fq` i QT]J[(g i SrV i QAS/u z Vj`yx � `y Y}VjUdc q��k�8z [�t�[(YZfeg i QTSJnpSksqS i [ i Uafq`bXASr`T]^U i l��R[e]{�rfqt�YTUacaS�X�u�l � V�x{P�x P�x ¬ [k�>[ ª [�g|Vjfqt§ U � U � Ua`TS ¬#i X�xeg�Vjfet�noUa] z [(c\fquA]^SrVjnq[ i Uafq`T]kx:PRQAUa]�]^QTf���S�X i Q\[ i�i QTS-npSrsqS i [ i Udfe`�Q\[qX�X}Sk`T]^U i UaSk]feg wk~:u=q9~r~r� ~ �r~�u2wk~8� [e`\X ~:u2�k~8� fq` tr�8� ~ �k~8� [e`TX z2q�� f(g i QTSZcafqsesqS�Xw��[ i �vQAt�Sk` i[(VjS�[o~\VjSk]^YESk� i UdnqSkcWl�xOPRQTS�npSkseS i [ i Uafq`mQT[qX�`Tf i VjS ijz Vj`TSkX�[ i [ecac�fe` i QAS<]^SknpSrVjSrcal��kfqt�YT[e� i SkX] z V^gi[e�kSk]LfegCcd[e`\X}Ua`Tsq]k~�Vjfq[qXA]k~�[(`\X i V=[e� j ] o P�x P�x ¬ [��R[ ª [}~:YESrVj]kx��kfqt�t�x � x ¬ SkYTcd[e` i Ua`TsZf(gi QTSm��[ i �vQAt�Sk` iZi f�YTUa`ASk]��kfet�t�Sk`T�rS�X�Ua`�°p[e` z [(V^l q9�r�8z xà�}Sr�kfq`TX�Vjf i [ i Uafe`�YAUd`ASk]/��SrVjS[eca]^fZYTcd[(` i SkX²fq`2cd[(`\XAUa`Asq]k~�Vjfq[qXA]L[e`TX i V=[e� j ]J[e`\XhU i �-UacacRuES�Ua` i SrVjSk] i Ua`Ts i f�]^SrS�QAf�� i QAS�kfqt�YT[e� i Uafe`�feg i QASk]^S{] z V^g�[e�rSk]O�-Uacac�[ m Sk� i/i QTS<s(Vjf�� i Q�feg i QAS<�rVjfqY�x
8:9<;=8>;âð ñòæ�BGó�F<HLç�ê>@JHô?T@JçABED�IJõßæ:@CBEê�BGNjFO@
PMf�] ijz Xol i QASmS m Sk� i feg i Uat_uESrV�QT[(VjnpSk] i Ua`As�[e`\Xw] z uT]^S ª�z Sk` i u z Vj`AUd`As2fq`¶]^feUac<�vQASkt�Ua��[ecYAVjfeYESrV i UaSk]k~�]j[et�YTcaSk]O�RSrVjSL�kfqcacaSk� i SkXhUa` Ç Sk�kSktLuESrV q9�r�k~ �-QTSr` i QASL�k[ i �=QTt�Sk` i �>[e] z `\X}SrVgif(VjSk] i ~�[e`TX²Ua`��}SrY i SktLuESrV q��k��q ]^QTf(V i cWl2[�g i SrV i Uat_uESrV�QT[(VjnpSk] i Ua`Asm[e`\Xbu z Vj`TUa`Ts�f(g-]^cd[e]^Qyxy VjSk� i [(`Ts z cd[(V�s(VjUdX o>q9~r~pö�q�~k~ t � �>[(]�YTcd[(�kS�X¶f�npSrV�[�t�[(Y¶feg i QTSm��[ i �vQAt�Sk` i [(`\Xwfe`uEf i Qbf��k��[(]^Udfe`T]L]j[et�YTcaSk]{��SrVjS��kfecacdSr� i S�X�[ iIi QAS zr� V=[e`\X}fqt�cWlm�=QTfq]^Sr`²seVjUdXbYEfqUa` i ]<]^QTf��-`Ua` § Uds z VjS q:� x � x²�A[et�YAcaUd`As��>[(]�XAfe`TS��-U i Q�[e`�[ z sqSvV�Ua`�[Z]^Udt�Uacd[(VJg�[(]^QTUafq`±[e]_XASk]^�vVjUduESkXgif(V i QTS<gif(VjSk] i YTcaf i ] o �}Sr� i Uafq` t x zq� x � VjSr��Q\[�VjnpSk] i Ua`Ts�]j[(t�YTcaSk]C��SrVjS_�rfqcacaSk� i S�Xb[ i X}SkY i QA]Cf(g~:u3q�~ �kt�~ q9~:u�z�~ �rt÷[(`\X2[ i fe`TS q�~ �kt
X}SkY i Q2Ua` i SrVjne[ec�uES i ��SkSk` �r~�u2wk~ �rt�~�XASkYESr`\XAUa`Asfq` i QTS_XASkY i QZfeg i QTSJuES�X}Vjf�� j x � fq] i ��u z Vj`TUa`Ts�]j[(t�YTcaSk]���SrVjS_�kfecacdSr� i S�X²[ i XASrY i QT]Cfeg ~:u3q�~�kt�~ q�~�u�z�~ �kt�~ �r~�u�t8~ �rt¸[e`TX�~}UWg�YEfq]^]^UauAcdSe~\[ i��k~:u�wr~ �kt�x ¬ [e`TXAUa`Tse]-[e`TX i V=[e� j ]>Q\[eX�uESkSr`�kfq`A] i V z � i SkXbX z VjUa`Ts�QT[(VjnpSk] i Ua`As�fe`m`TUa`TSJ]j[et�YAcdSJYEfqUa` i ]k~y[e`TXb[ i4i QASk]^S_caf���[ i Udfe`T]<]j[(t�YTcaSk]�RSrVjSL�kfqcacaSk� i SkX²[ i�i QTSLUd`AU i U|[(c�]j[et�YTcaSJYEfqUa` i ~y[e]���Skcac�[(]<[ i [�YEfeUd` i Ud` i QTSJnoUa�kUa`TU i l��-QASrVjS
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i QAS{]^fqUacy�R[e]O]^Uat�Udcd[�VCu z�i QT[qX/`Af i uESkSk`�XAUa] ijz VjuESkX/u�l�QTS�[�n�l�t�[e�=QTUa`TSrV^l�x® `\X}Ud] ijz VjuES�X�]^feUdcM�kfeVjSk]O�RSrVjS��kfecacdSr� i S�XZfq`ZuEf i Q�f��k��[(]^Udfe`bg�feV�XAS i SvVjt�Ud`T[ i Uafq`Zf(g�]j[ ijz �V=[ i S�XZQolAXoV=[ z caUa�J�kfq`TX z � i UdnoU i l�~\]^fqUac�t�fqUa] ijz VjS�VjS i Sk` i Uafq`b�vQT[(V=[(� i SrVjUa] i Ua�k]�[e`TXmu z c j X}Sk`T]^U i lo ��ú � �}Sk� i Udfe` t x ze� [ i?qrq feg i QAS zr� ]^SrcdSr� i S�X�s(VjU|X�YEfqUa` i ] o ]^SkS y YAYESk`\X}U xLzr�e� xR�}[et�YAcdSr]��RSrVjS�kfecacdSr� i S�Xm[ iMi QTS�] z V^gi[e�kS o>q,u�w �kt � uESrgif(VjS_Q\[�VjnpSk] i Ua`Ts�[(]C��Skcac�[e]C[(g i SrV{u z Vj`TUa`AsAxC�A[(t�YTcaSk]��SrVjSJ[eca]^f��kfqcacaSk� i S�Xm[ i [�X}SkY i Q�uES i �RSrSk` zk~ [(`\X �r~ �rtàuESvgifeVjSJQ\[�VjnpSk] i Ua`Ts}~E[(`\X�`TSk[(V i QTSuES�XoVjf�� jGo��k~:u2�r� �kt � [(g i SvVLu z Vj`AUd`AsAxJ¯¶QTSr`²[�Vjfp[qXG~ i V=[(� j f(V�c|[(`\X}Ud`As�uESkSr`h�kfe`T] i V z � i S�Xfe`�[�]j[et�YAcaS�YEfqUa` i X z VjUa`As�Q\[�VjnpSk] i Ua`Ts}~�]j[et�YAcaSk]<�RSrVjS��kfecdcaSk� i S�X�[ i?i QTS_]j[et�YTcaS�YEfeUd` i [(]��Skcac�[e]>g|Vjfqtì[e`�[qX � [e�kSr` iOz `\XAUa] ijz VjuES�X/]^feUdc�xPyfLfeu i [eUa`�Ua`Agif(Vjt�[ i Uafq`�fq` i QAS�Uat�Y\[(� i f(g�QT[(VjnpSk] i Ua`AsJfe` i QASC�=QTSrt�Ud�k[ec\�kfet�YEfq]^U i Uafq`�feg]^feUdcMt�fqUa] ijz VjS�[(`\X�fq`Zne[(VjUd[ i Udfe`T]OUa`mX}V^l/]^S�[e]^fe`b]^feUac�t�fqUa] ijz VjS<�rfq` i Sk` i ]k~E[�gif(VjSk] i S�XZ[(`\XZ[QT[(VjnpSk] i SkX�YAcaf i<o uEf i Q zr�qök�k~ t � ��SrVjS�Sr] i [euTcaUa]^QTSkX�fe` i QASC]j[(t�SC]^cafeYES�`TSk[(V i QASC�k[ i �=QTt�Sk` if z�i caS i [ i�i QAS/uESrsqUa`T`AUd`Asmfeg Æ � i fquESvV�~ q9�r�k~Ro ]^SkS § Uas z VjS q�� x �p� x²PRQAVjSkS�Y\[(UWVj]�fegOne[e� zAz tijz uES�cWlA]^Uat�S i SvVj]{�RSrVjS�Ua`T] i [(cacdSkX2[ecafq`As i QTS_]^cdfeYES�Ua`2S�[e�=Q²YAcaf i?i f�S x2i V=[(� i t�fqUa] ijz VjSLg�Vjfqti QAS i feYT]^fqUac o [ i � �k~ �kt � [e`TXZg|Vjfqt i QAS_] z uT]^fqUac o [ i � wr~ �rt � xJ�A[(t�YTcaUa`Ts�YAVjf��kSkX z VjSr]��RSrVjS]^Uat�Uacd[(V i f i QTfq]^S z ]^S�X²Ua` i QTS�g�feVjSk] i YTcaf i ]L[e]LXASk]^�vVjUduESkX2Ud`��oSk� i Uafq` q�� x z xh�}fqUac�t�fqUa] ijz VjSS x2i V=[(� i Uafq`2�>[(]_YEfe]^]^UduAcaS z ` i Uac y YAVjUac�~ q��k��q ~�[�g i SrVL�-QTUa�vQ�]^feUac>t�fqUa] ijz VjS�caSknpSkca]LYAVjSknpSr` i SkXg z V i QTSvVLS x�i V=[(� i Uafq`�x Æ `AS�[e�k�rSk]^] ijz uES�gif(V i QAS���[eYT[e�kU i [(`T�kS�]^fqUac�t�feUa] ijz VjS�YAVjfeuES��>[(]LUa`A�] i [(cdcaS�X²[ i t�UdXA]^cafqYES_YEfq]^U i Uafq`2Ua`²Sk[e�=Q²YTcaf i [e`\X i QTS ijz uESk]{��SrVjS�]^fqt�S t8~ t�[(Y\[�V i x�PRQTS[(�k�kSk]^] ijz uES<Ua` i QTS<gif(VjSk] i S�XmYTcaf i �>[(]�Ua`T] i [(cdcaS�XZfe` � [�Vj�vQ z�� ~ q9�r��q ~yXAf��-` i f�[�XASkY i Q�fegqkq�~ �kt�~e�-QTSrVjS�[(] i QT[ i Ua` i QTS>cafqsesqS�X�YAcdf i �>[e]:Ua`T] i [(cdcaS�X�fe` � [kl z ~ q��k��q ~AX}f��-` i f<[<XASkY i Qf(g ��t �kt�x � Vjf ´ caSk]Ofeg:ûJ��SrVjS�t�S�[e] z VjS�X i �-Ua�kSJ[L�RSrS j x� QT[e`AsqSk]<Ua` i QTSJt�[e]^]<[(`\XZ` z�i VjUaSk` i �kfe` i Sk` i feg i QTSLcaU i-i SvV<cd[�lpSrV{gifecacdf��-Ua`Ts�Q\[(VjnqSk] i Ua`Ts[(`\X²u z Vj`TUa`As��RSrVjS�S x [(t�Ua`TS�X²u�lb�kfet�Y\[(VjUa]^fe`�feg-]j[et�YAcaSk]��kfqcacaSk� i S�X2uESvgifeVjS�cafqsesqUa`Ts o%Ç Sr��kSrt_uESrV q��:u3q:� ~ q��k�r~p� ~M]^QTf(V i calh[�g i SrV��kfet�YTcaS i Uafq`hfeg�cdfesqseUd`As o�yCz s z ] i[z ~ q��k��q�� [(`\Xb[(g i SvVu z Vj`TUa`AsLf(g i QTSC]^cd[e]^Q o�yOz s z ] i/z�~ ~ q��k��q�� [ i<q�w feg i QAS zk� ]j[et�YAcaUd`As_YEfeUd` i ]Rf(g § Uas z VjS q:� x � x�}[et�YTcaUa`Ts�YAVjf��kS�X z VjSk]��RSvVjS/[(]LUa`��oSk� i Uafq` qkq x z x y XTX}U i Udfe`\[(c�]j[et�YAcaSk]<�RSrVjS��kfqcacaSk� i SkX2fq`] j UdXTX}SrV i V=[e� j ]/[e`TXwcd[e`\X}Ua`Tsq]��kcafq]^S i f�]^SknpSvV=[ec{f(g i QTSm]j[et�YAcdSZYEfeUa` i ]kxü� i SktJ�Rf�foXw[(`\Xcd[(VjseSZuAV=[(`T�=QTSk]��rf z cdX�`Tf i uES�Ua`T�kc z XAS�X�Ua` i QTS/]j[et�YAcdUa`AsAx Æ `�Sk[e�=Q�f��k��[(]^Uafq` ´ SkcdX±[(`\XXoV^l��RSkUaseQ i ] o"�k~�ý:�>� feg i QASL]j[(t�YTcaSk]���SrVjS�X}S i SrVjt�Ua`TSkX�x�PRQASL]j[(t�YTcaSk]{�kfecacdSr� i S�X²[ i ]j[et��YAcdS�YEfqUa` i ] t ~ � ~ qrq ~ q����4zk� ~ �kt ~ �kw ~ t�z��Mt�� ~ t8� ~ ��t ~ w�t [e`TX wr~ ~ w2q ~ w8� ~ ��� �RSrVjS�u z c j S�X i fmfqu i [eUa`[Z]^S i f(gCg�f z V�]j[et�YAcdSr]LVjSkY}VjSk]^Sk` i Ua`Ts i QTS��-QTfqcaS/��[ i �=QTt�Sk` i [(VjS�[ox�PRQTSr]^S/�RSvVjS�[e`T[ecWl}]^S�X[ iHi QTS § feVjSk] i6¬ Sk]^S�[�Vj�vQ � `A] i U ijz�i S�Ua` ¬ f i f(V z [o~ � Sv��þGS�[(cd[e`\XG~�g�feV�t�[e�rVjfe` z�i VjUaSk` i ]�[(`\Xt�Ua�rVjfe` z�i VjUaSk` i ] o �-U i Q i QTS<S x �kSrY i Uafq`/feg i QTS ´ Vj] i u\[ i �vQ � [e]CXASk]^�vVjUduESkX�YAVjSknoUaf z ]^cWl�x� fe`TU i feVjUa`As{fegE] i VjSk[et � f���[(t�f z ` i ]�[e`\X��kfet�YEfq]^U i Uafq` o ]^SrSR[eca]^f��oSk� i Uafq`A] � x z [(`\X q�� x ze��kfe` i Ud` z S�X�[(g i SrV i QAS�] i [(V i feg:Q\[�VjnpSk] i Ua`Ts�g�feV i QAS ª�z [e` i U ´ �k[ i Uafq`Zf(g�Ua`A�rVjS�[e]^SkX�` z�i VjUaSk` i VjSv�t�f�ne[ec�[�g i SrV i QTS��rl}�kcafq`ASLSrnpSk` i ~ i Uat_uESvV�QT[(VjnpSk] i Ua`As/[(`\X�u z Vj`TUa`As�feg:]^cd[e]^Qyx�PRQTSJ�=QTSkt�Ua��[(c�kfet�YEfq]^U i Uafq`bfeg�] i VjS�[et � f��´�>[(]{] ijz X}UaS�X�g�Vjfqtà�>[ i SrV<]j[et�YAcaSk]��kfecacdSr� i S�XbX z VjUa`As�uT[e]^S � f��[(`\X�] i feVjt � f��wSknpSk` i ]R[�g i SrV-QT[(VjnpSr] i Ud`AsL] i [�V i S�X�x ¬ Ua]^Ua`Ts�[(`\X�g�[(cacdUa`As�] i [eseS{�kfqcacaSk� i f(Vj]R�RSrVjSUa`T] i [(cacdSkX�Ua` Ç Sk�rSkt_uESrV q��k�r~6o �}�=QTSkcacaS j Sr`T]k~ q��k�8ze��i f<g�[e�rUdcaU i [ i S i QTS-�kfqcacaSk� i Uafe`�fegy] z �=Q�]j[et��YAcdSr]kxbPRQTS�cd[(VjsqS/]^S�XAUat�Sk` i cafp[eX�f(g i QTS�] i VjS�[(t � f��¸X z VjUa`TsZ] i f(Vjt � f���SknpSk` i ]JYAVjSknpSr` i SkXi QAS ´ c i SvVjUd`AsLf(gy�R[ i SrVR]j[et�YTcaS�X�g�feV-��[ i Udfe`�[(`\[(cal}]^Ua]kx � Sk`A�kSO`TfJ[e�kUdX}U ´ S�X�]j[et�YTcaSk]��kf z c|X�uES�kfecacdSr� i S�X�Ua` i QAS ´ SkcdX z `TXASrV i QASk]^SC�rfq`\X}U i Udfe`T]k~}[(`\X�Ua`T] i S�[eX�]j[et�YTcaSk]��RSvVjSC�kfecacdSr� i S�X�Ud` z�~r~t�c�uEf i-i cdSr]�[(`\X ´ c i SrVjS�XL[e`\XL[e�kUdX}U ´ S�XLUa` i QAS�cd[euEf(V=[ i f(V^l�[ i�i QAS §�ä �o� �4®4y uESvgifeVjSO[(`\[ecWl}]^Ua]kxPRQASRS m Sk� i f(g i QTUa]�YAVjf��rS�X z VjSRfq` i QTSR�=QTSkt�Ua��[(co�kfqt�YEfe]^U i Uafe`�feg i QAS�]j[(t�YTcaS��>[(]:XAS i SrVjt�Ua`AS�Xu�l��kfqt�YT[(VjUa`Ts�[e`\[(cWlA]^Ua]Ofeg:[(�kUdXAU ´ S�X�[e`\X/`Tfq`}�â[e�kUdXAU ´ S�X/]j[(t�YTcaSk]-�kfqcacaSk� i SkX�]^Udt z c i [e`ASkf z ]^cWlX z VjUa`Ts�YESvVjUdfoX}]O�-U i Q�SrcdSrnq[ i S�X�]^S�X}Udt�Sr` i cafq[qXA] o u z�i `Tf i ] z �vQ i QT[ i ]j[et�YAcaSk]-�kf z c|X/`Tf i uES´ c i SvVjS�X_Ua` i QTS ´ SkcdX � ~q�-QAUa�vQ�[�VjSO]^QAf��-`�Ud`�P�[euAcdS q�� x q x � f�]^Udse`TU ´ �k[e` i X}U m SrVjSk`T�rSk]:��SrVjS-fqu}�]^SrVjnqS�X/uES i �RSkSr`�u\[ i �vQASk]Rgif(V � [}~ { ~ � s}~ � [�[(`\X � `�x � f��RSrnpSrV�~A�kfq`A�kSk` i V=[ i Uafq`A]Cf(g �OÆ{ÿ ~�oU�~ y c�~>[(`\X § S/��SrVjS�]^Uasq`AU ´ ��[(` i cWl�QTUaseQTSrV�Ua` i QTS�`Afq`A�â[(�kUdXAU ´ S�X�]j[et�YAcaSk]k~��-QASrVjS�[e] ��� ÿ
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Ê�Ë2Ì�Í�Ð h8æ Î�h}Ñ��-Ó Ò[Ó Ö�Ú Üi× Ó�ÔÇÓjØ Ò�Ù ÖoÔ × Ó=Ø × Ö Ò?Ó�Ñ|Ù�×
	/Ñ Õ Ù Ú ÙkÛ2Û�Ð Ú Ü Ô ×2× Ö Ò?Ó�Ñ|ÙFÕ Ó Ñ%Ñ|Ù9Õ Õ Ü Ó�Ô Ö
ÖoÔ Û�× Ö Ò[Ó+Ñ|Ù�×�	MÑ Õ Ù Ú ÙkÛ±Ü ÔÇÕ Ô�ÙnÑ Ö á Ó�ÚrÖ�Õ^Ó�Ú ßwÜ ÔÇÕ Ô�ÙBì�Ù Õ Ô�Ù Ú Ñ ÖoÔ Û�× Þ Ú+Ô�ÙpÕ Ó Ò[Ó ÖoÚ Üi× Ó�Ô Üi×á Ö ×(ÙkÛ ÓoÔ� íhÛ�ÐrÓ�ÑaÜ"Õ Ö�Õ Ù�× Ö Ò?Ó�Ñ|Ù�×'ÖIÕ Ó�Ô ÕkÙ Ô�ÕøÚvÖ�Õ Ü Ó�Ô × ÖoÚ Ù�Ü Ô ÒH×vÑ���� Þ

MnFeAlSiPO4NH4CaMgKNa

Filtered during collection (A)
0.010.230.348.10.030.141.402.641.918.79Average
0.050.170.622.70.060.050.650.730.661.44SD

Filtered in the laboratory (B)
0.012.023.4413.50.120.031.342.882.178.82Average
0.041.272.352.10.130.030.730.720.731.65SD

ns<***<***<***<***>***nsnsnsnsA<>B

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance 

�>[(]>]^Udse`TU��\�k[e`��jcWl/caf��RSvVCUa`��jQTSk]^S�]j[et�YTcaSk]k~}] z sqsqSr]��jUd`As��jQ\[��-]^S�XAUat�Sk`��R[e`\X�feVjsq[e`TUa�<t�[����jSrVYAVjSk]^Sr`��-Ua`��jQAS z `��\c��jSrVjS�X�]j[et�YAcdS�[(uT]^f(VjuES�X���� ÿ ~T[e`\X�VjSkcaS�[e]^SkX��kfq`A]^U|X}SrV=[euAcaSL[(t�f z `��j]>f(g�jQTS�f��jQASrV{Uafe`T]kxJ�oSknpSrV=[(c�]��jfeVjt �Tf��´]j[et�YAcdSr]�]^QTf��-Ua`Ts�] z �=Q z `}VjS�[ecaUa]��jUa�_�kfe`T�kSk`��^V=[��jUdfe`T]{f(g��� ÿ ~"!$# ÿ [(`\Xm�}U��RSrVjSLXAUa]^��[�V=XAS�XZ]^Ua`T�rS%�jQASJY}VjSk]^Sk`A�kSLf(g:]^S�XAUat�Sk`��OfquonoUaf z ]^cWlZUa`�� z Sr`T�kS�X�jQTS<[(`\[(cal��jUa��[(cyVjSk] z c&��x
&�'('*) +-,2*�.0/2143657. 89,01;:<1%/=1>8R*�8?5�@�. A BC5*8$8D1�.EB�*
F�1�.

+G@�6IHKJ�1
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PRQTS�Uat�Y\[(�M��f(g:�rl}�kcafq`TSL�oUd`T[}~N�jQAS<VjSkt�f�nq[(cMfeg:t�SrVj�=Q\[(`��=[euTcaS>�jUat_uESvV�~E[e`TX��jQTS�u z Vj`TUa`Ts�f(g]^cd[e]^Q2fe`O�jQTS�nqSksqSM�=[��jUafq`OPmcaU����jSrVJcd[�lpSrVJ�kfqt�YAcdSRQb�-Uacac�uES�X}Ua]^� z ]^]^S�XhUd`S�jQTUa]<]^Sk�M�jUafq`�~��-U��jQ�jQTS<feu�TøSk�M�jUanpS�feg$U z [(`��jUWg|lAUa`As��jQTS<SMQ}YEf(V��Cf(g:` z �^VjUaSk`��j]OUa`��jUatLuESrV-g�VjfqtV�jQAS<��[7�j�=QTt�Sk`���~T[e]�RSkcacy[e]W�jQTS{�=Q\[(`TseSk]-Ud`�cdU����jSrVOcd[kl�SrVO` z �^VjUaSk`��>�kfe`��jSk`��O[(gX�jSvVY�jQAS{nq[�VjUaf z ]9�^VjS�[��jt�Sk`��j]kx
8:9<;âá{;=8 Z±NvõV[�æ�D�êR@LH]\�I�BED�Njæ:@CB_^O`<í�F-DEBGç
PRQTS-uTUafet�[e]^]:fegGt�SrVj�=Q\[(`��=[(uTcaS?�jUat_uESrVba�]��jSktJ�Rf�foX�[(`\X�uT[(Vdc � VjSkt�f�npS�XJg|Vjfqte�jQTSb#�caSkfecdSrsp[��[7�j�=QTt�Sr`��yX z VjUa`Ts-Q\[�VjnpSk]��jUa`TsOuESM�â�RSkSk`4f{Sr�kSkt_uESvV$g*hihijC[e`TX%k z s z ]��lgmhih�g��R[e]�X}SM�jSrVjt�Ua`TS�Xu�l²P?nb#>!�oqp¸¯²f�foXOoø`TX z ]��^VjUdSr] ¬ �=X�x/PRQTS�g|VjSk]^Q²��SkUasqQ��_f(g-cafqsq]�VjSk�kf�npSvVjS�Xhg�Vjfetr!ls<gmj(�
t ai�-QAUd�=QwUa`T�rc z XASk]�uEf7�jQu�jQASv#�caSkfqcaSksq[�[e`\Xw�{[�V z c z ��[��j�vQAt�Sk`��j] � ~R[(t�f z `��jSkXx�jfg*j�y�gig�jfq`A`TSk]C[e`TXm�rfq`T]^Ua]��jS�X�g�feV%z7j}x {i|ìfeg�]j[��Çcdfesq]<[(`\Xv}7h}x {i|ìfeg�Y z caYZcafqse] a�YESrVj]kxE�rfqt�t�x�~/V�x°Ax��R[ecaSq~���U T®U$!:Ua`TS ¬ �=X�x � x_PRQTS�XoV^lZ�RSkUasqQ��<�R[e]���[eca� z cd[7�jS�X z ]^Ua`Ts�[��kfq`onpSvVj]^Udfe`hgi[e�M�jf(VLf(gj}x {iz0a��oSk�M�jUafq`�g�gqx t x z � x²PRQTS/[et�f z `��Jfeg-�Rf�foX�SMQ��^V=[(�M�jS�X²g�Vjfet��jQTS2#�caSkfqcaSksq[b��[��j�vQAt�Sk`���kf z cdXhuES���[(ca� z cd[7�jSkX z ]^Ua`Ts��jQAS_V=[7�jUaf�f(g?�jQTSLgifeVjSr]��jS�X�[(VjS�[/Ud`0#�caSkfqcaSksq[���[7�j�=QTt�Sk`���a�{�gqx �Q\[ � �jf4�jQTS9�jf��=[(c\gif(VjSk]��jS�X�[(VjS�[�Ua`2!�s�gmj�� t a���gqx t QT[ � x��CSk`T�kS t y t �4�jfq`A`TSk]Ya�X}V^l_��SkUasqQ�� � f(g�Rf�foX/��SrVjS�VjSk�rf(nqSrVjS�X/g|Vjfqt��jQTSC��[7�j�=QTt�Sr`���~of(V�{7yAx ���-QT[����rx:PRQTUa]-Ud`A�kc z X}S�X�[(`�Sk]��jUat�[7�jSkX�}x �>�RQT[ ��� feg�uT[(VdcE~p�-QTUa�=Q��>[e] z ]^S�X�[(]�g z SkcTg�feVRYEf���SrVRseSk`TSrV=[��jUafq`/[7�D�jQASOP?nb#>!lo�p�¯²f�foXoø`TX z ]��^VjUaSk] ¬ �=X�x}]j[k�-t�Uacdc�xkC]4�jQTS�X}Udt�Sr`T]^Uafq`A]Jf(gW�jQTS��^VjSkSk]LUd`0�jQAS=#�caSkfqcaSksq[b��[��j�vQAt�Sk`����RSrVjS�`Tf7�_]^Uase`TU��\��[(`��jcalXAU��GSrVjSk`���g|Vjfqt��jQAfq]^SRUa`%p<feVjfet�[e`TUpg�feVjSk]��ba����uj}x j�g � [(`LSr]��jUdt�[��jSRfeg��jQTSl�jf��=[ecoYAUd`AS�uAUdfet�[e]^]Ua`C�jQASK#�caSkfqcaSksq[���[��j�vQAt�Sk`����kf z cdX�uEShfqu��=[(Ua`TS�X�u�l�t z c��jUaYTcWl}Ua`TsK�jQTShYTUa`TShuTUafqt�[(]^]ZUa`
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¡$¢�£�¤�Ð �i¥�¦ §GÑ©¨«ª Ù ÚvÖ7¬ Ù Ô"EÕøÚ Ü�Ù Ô�Õ�®rÓoÔ�® Ù Ô�ÕøÚvÖ�Õ Ü Ó�Ô × Ö�Ô Û�× Õ^Ö�Ô Û Ö�Ú Û¶Û}Ù ª Ü ÖoÕ Ü ÓoÔ ×u¯q°²±
³�Ü Ô
´ ÖoÚmª Ù�× Õ®Ö�µ�¶ Ù Õ Ü�· µ Ù Ú × Ö ·%¸ ¶ ÙkÛ ÖoÕYª�Ö�Ú Ü Ó� × ¶|Ó�®kÖoÕ Ü ÓoÔ ×�Ü Ô�Õ ´ ÙmÝ ¶ Ù Ó�¶ Ù ¬AÖO®kÖ�Õ�® ´ ·�Ù Ô�Õ^Þ(¹ ´ Ù
Ö�ª Ù ÚrÖ7¬ ÙbÛ�Ü�·ZÙ Ô ×�Ü Ó�Ô × ÓjØ�Õ ´ Ù�× Ö ·4¸ ¶ Ù ÕøÚ ÙkÙ�× ÖoÚ Ù�× ´ Ó�º>ÔmØ�Ó�Úv®kÓ ·%¸ ÖoÚ Üi× Ó�ÔMÞw�-Ó�Ô�® Ù Ô�ÕøÚvÖ�»
Õ Ü ÓoÔ × Ó=Ø · Ö�®(ÚvÓoÔ"EÕøÚ Ü�Ù ÔyÕ × ÖoÔ Û·�Ü ®�ÚrÓ�Ô"EÕøÚ Ü�Ù Ô�Õ ×mÜ Ô½¼ Ö�Ô Û±Ü Ô ¸�¸�·2¾ Ú Ù�×q¸�Ù ®�Õ Ü ª Ù ¶&¿ ¾ Ô
Ú Ù�¸ Ú Ù�×(Ù ÔyÕ × Õ ´ Ù�× Ö ·4¸ ¶ Ù�×kÜÁÀqÙ Þ

hDbhobnBMnZnMgCaKPNSite

Northern part (on dacite)
18.80.26591.160100.0200.0410.0510.0080.081Average

1.00.0290.23040.0030.0120.0110.0020.011St. deviation

Southern part (on andesite/diabase)
19.40.27651.447130.0210.0460.0560.0130.084Average

0.70.0380.510110.0020.0090.0090.0030.015St. deviation

Whole catchment
19.00.269141.257110.0210.0430.0530.0100.082Average

0.90.0330.32770.0020.0110.0100.0040.012St. deviation

p<f(Vjfqt�[e`AU�gif(VjSk]���a�P�[(uTcaSvgigqx } � �-U��jQx�jQAS�V=[��jUafbf(gY�jQAS�]��jf��RcoUa`Tsbfeg�#�caSkfqcaSksq[bg�feVjSk]���a�yÂ{�h�^VjSkSr]OQT[ ��� � �jf��jQ\[��-fegÃp<f(Vjfqt�[(`TUEgif(VjSk]��%a��Âz�g
�^VjSrSk]>Q\[ ��� � x:PRQTUa]>VjSk] z c&�jSkX�Ua`�[e`/Sk]��jUat�[7�jSf(g�gmj��2��Q\[����{g�feV4�jQTS%�jf��=[(c:YAUa`TS�uAUdfet�[e]^]�[(`\XmfegW���=��Q\[����{g�feV
�jQAS�]��jSkt�uAUdfet�[e]^]�a�Ua`A��kc z XAUa`TsLu\[(Vdc � x�PRQAS{cd[7���jSrVOne[ec z SCUa]4gex �%�jUat�Sk]>QTUaseQTSrV9�jQT[e`��jQ\[7�O[(�M� z [(cacal�feu��=[eUa`AS�X/S�[�VjcaUdSvVg�feVOQ\[�VjnpSk]��jS�X�t�SrVj�=Q\[e`��=[(uTcaS��jUat_uESrV>a�{7yAx �«�-QT[ ��� � ~}�-QAUa�vQ/t�[�l�uES�SMQ}YTcd[eUa`TSkX/u�l��jQTSOg�[e�R��jQT[7��[�c|[�VjsqS�` z tLuESrV�f(g>�rl}�kcafq`AS�XT[(t�[eseS�Xv�^VjSrSk]<�-U&�jQhcaU&���jcaS�f(V�`Tf/Sk�kfq`Afqt�Ua��ne[ec z SJ�RSrVjScaSrgÁ�b�jfLVjf��OUa`��jQTS��TSkcdX�x
�CfZXT[��=[/�RSvVjS�fqu��=[(Ua`TS�Xhg�feV z `TXASrVjs(Vjf��9�jQhuTUafqt�[(]^]k~�`Tf(V<gif(V_uAUdfet�[e]^]�fegD�jQTS�`\[�� z V=[(cg�feVjSk]���Ua`K�jQTS�VjUaY\[(VjUd[(`Äkfe`TSqxx�Cf���SknpSrV�~:noUa] z [(c>fquT]^SvVjnq[��jUdfe`±Ua`TXAUa��[7�jSkXx�jQT[7� �jQAS�X}Sk`T]^U��øl[(`\X��kfqt�YEfe]^U��jUdfe`/f(g��jQAS z `\X}SrVjseVjf��9�jQ�npSkseSM�=[7�jUafq`�Ua`��jQTSC[7�GfeVjSr]��jS�X/[�VjS�[e]�feg"�jQTS�#�cdSrfqcaSksp[��[��j�vQAt�Sk`��_��SrVjS/Vjf z sqQAcWl±�rfqt�Y\[�V=[euAcdS=�jf©�jQAfq]^S�Ua`x�jQTS=p<feVjfet�[e`TU>g�feVjSk]���YAcdf7��~>[(`\X0�jQTSz `\XASvVjseVjf��9�jQ�uTUafqt�[(]^]L�R[e]«�jQASrVjSrg�feVjS�[(]^] z t�S�X2S*U z [ecl�jf t�t j�j©cosZQ\[�����x©��f���SknpSrV�~Ã�jQAUd]t�[kl��RSrcdcyuES�[e` z `\X}SrVjSk]��jUat�[7�jS�Ud`�n}UaSr��f(g��jQTS<caf��RSrVO]��jf��ÅcoUd`As�fegÃ�jQAS�gif(VjSk]���[7��#�caSkfqcaSksq[}x
kOnpSrV=[(sqS�` z �^VjUaSk`��_�kfq`A�kSk`��^V=[7�jUafq`A]�Ua`u�^VjSkS/]��jSkt�](ai�Rf�foX±[e`TX�uT[(Vdc � ]j[et�YAcaS�X�Ua`x�jQTS#�caSkfecdSrsp[m��[7�j�=QTt�Sk`��_[(VjS�sqUanpSk`�Ua`�P�[(uTcaSSgm{ox zox0kCnpSrV=[(sqSk]Jgif(V �jQTS�`Tf(V��jQTSrVj`�YT[(V��_fegW�jQTS��[��j�vQAt�Sk`���~R�-QTSvVjSb]^feUacd]/�RSrVjSbXASvVjUdnqS�X±g�Vjfet XA[e�kU��jUa�ZVjf��RcÆa�Ç�Q\[(Y��jSrV2y � ~-�RSvVjSbfeu��=[(Ud`AS�Xg|Vjfqt]�^VjSkSm]j[et�YAcdSr]��rfqcacaSk�M�jS�X�[7��caf���[��jUdfe`T]��O~WÇ [e`TX�f]a���Uds z VjS0gm{ox t � ~O�-QTSrVjSk[e]2�jQAfq]^Sg�feV4�jQTS�]^f z �jQASrVj`²YT[(V���~M�-QASrVjS�]^fqUaca]��RSrVjS�X}SrVjUanpS�XZg�Vjfqt
[(`\XASr]^U&�jUa� �jf�XAUd[euT[e]^S�Vjf��RcE~��RSrVjS]j[(t�YTcaS�X�[���caf���[��jUafq`T]Dkw[e`TX È>xÂ!�QTfe]^YTQTf(V z ]:caSknpSkca]:Ud`«�^VjSkS>]��jSkt�]�seVjf��-Ua`Ts<Ua` �jQTS�]^f z �jQASrVj`YT[(V��{f(g$�jQASL�k[7�j�=QTt�Sk`��-�RSrVjSL]^Uasq`TU��T��[e`��jcWlZQTUaseQTSrV�a��Ã��j}x j�g � �jQT[e`mUa`v�jQAS�`TfeV��jQASrVj`mY\[�V���~YEfe]^]^UduAcWl�VjSM�\Sr�M�jUa`Ts�XAU��GSrVjSk`A�kSk]CUd`Z]^feUac�feV�Vjf��ÅcExbf{U��GSrVjSk`T�rSk]Cg�feV��jQAS�f��jQTSvV{` z �^VjUaSk`��j]>�RSrVjS`Af��-]^Uasq`AU&�T��[e`���x
kOt�f z `��j]Zf(g�t�[e�rVjf(��[(`\X´t�Ua�rVjfe` z �^VjUaSk`��j]ZSMQ}YEfeV��jS�X�g�VjfqtÉ�jQAS���[7�j�=QTt�Sk`��mUa`Çt�SrV^��=Q\[(`��=[(uTcaS��jUat_uESrVJuESM�â�RSkSk`Kf�Sk�kSktLuESrV�gmhih�jm[e`\XKk z s z ]���gmh�h�g�[(VjS�sqUanpSk`�Ua`�P�[(uTcaSvg�{ox t�jfesqSM�jQASrVL�-U��jQ2Sr]��jUdt�[��jSk]�gifeV%�jQTS�t�[(�rVjfq` z �^VjUdSr`���SRQAYEf(V��JUd`²u\[(Vdcbfq`AcWl�x�PRQAS�c|[����jSrV��RSrVjSfeu��=[eUa`AS�X�g|VjfqtÊ�jQAS�Sk]��jUat�[��jS�Xx�jf7�=[ec>` z �^VjUaSk`��_SMQ}YEfeV�� z ]^Ud`AsS�jQAS�[�npSrV=[(sqS�V=[��jUafq]�feg�u\[(Vdc` z �^VjUaSk`��-�kfe`��jSk`��9�jf��jQTS>�jf7�=[ec�feg�]��jSktJ�Rf�foX�[(`\X�uT[(Vdc�[e]OfquA]^SrVjnpS�X�Ud`2�jQTS�P z c|[(]^Sr�>[o~Np<f(�Vjf�c z cd[_[e`TX=p<f(Vjfqt�[(`TUEgif(VjSk]��OYTcaf��j]
a�P�[(uTcaS�g�gqx&g�} � xRPRQAS<[�npSrV=[eseS�V=[7�jUafe]-g�feV�ÇR[�a�joxËg*� � [(`\Xp-a�jox&gmh � ��SrVjS�caf��RSrV4�jQT[e`mgifeV4�<a�j}x z�{ � ~Ã!Ìa�jox z�{ � [e`TXO~�sSa�j}x ziz � x�f�U&�GSvVjSk`T�kSr]<uESM�ø��SkSk`
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¡D¢�£�¤�Ð �i¥²¦ �GÑ0Ð�EÕøÚ Ü�Ù ÔyÕ ÙRÑ�¸ Ó�Ú�Õ ×w¯�Ò ¬ ´ Ö �Ã�m³ ØkÚvÓ · Õ ´ Ù¶Ý ¶ Ù Ó�¶ Ù ¬TÖ_®kÖ�Õ�® ´ ·ZÙ ÔyÕ Ü Ô ·�Ù Úm»
® ´ ÖoÔ�Õ^Ö�µ7¶ Ù Õ Ü�· µ Ù Ú ¯ø× Õ Ù7· ºOÓqÓ ÛOÓ µkÖ�Ú Òm³ ÖoÔ ÛmÜ ÔµkÖ�Ú Ò Ó�Ô�¶&¿}Þ

BMnZnMgCaKPNComponent

0.13.10.611.223.428.75.344.8Stemwood & Bark
2.54.25.41.311.0Bark

�jQTS<YAcdf7�j]O��SrVjS�]^t�[ecac�~\�-U��jQ(�jQTS<SMQ}�kSrY��jUafq`�f(g��jQTS{V=[7�jUaf�g�feV
!��-QTUa�vQ/V=[e`TseS�X�g�VjfetGjox&gm��Ua`
p<feVjfet�[e`TU\g�feVjSk]��W�jf�j}x yÂj_Ua`2p<feVjfic z c|[�gif(VjSk]���xl��f�XA[7�=[��RSrVjS<[�ne[eUacd[euAcdS<Ua`=�jQTUa]RVjSk]^YESk�M�>g�feV�C~N~�`Z[e`TX�þE`yx
kCc��jQAf z seQS�jQAS�[et�f z `��j]<feg>` z �^VjUdSr`��j]�Ud`S�jUdtLuESrV<SMQ}YEf(V��jS�Xbg|Vjfqt-�jQTS_��[7�j�=QTt�Sk`��{��SrVjS]^t�[ecacT�rfqt�Y\[�VjS�X«�jf
�jQTS?�jf7�=[ec\` z �^VjUdSr`��:�kfe`��jSk`���f(g"�jQASRgif(VjSk]��>uTUafet�[e]^]ba��}Sk�M�jUafe`(gigqx � � ~��jQASrl�RSrVjS�t z �vQ<cd[(VjseSrVÃ�jQ\[(`%�jQAS�[(`T` z [(c�SMQ}YEfeV���f(gT` z �^VjUdSr`��j]yUa`L]��^VjS�[(t �\f��2g|Vjfqt��jQAS���[��j�vQAt�Sk`��Ua`2�jQTSCgifeVjSr]��jS�X�]��=[7�jS�a�P�[(uTcaS g t x&g*y � x

8:9<;âá{;âá ã�NjBTBEæ�D´ã�êÃÔCæ�D·ñòê>çTç�ê>@JH]\§I<BED�N=æ:@CB�Õ±FO@CBEæ:@CB
Ç�l}�kcafq`TSJ�oUa`\[LUa`��\Ua�M�jS�X�]^SrnpSrVjS�XT[(t�[eseS��jf��jQTSCgifeVjSr]���Ua`��jQAS4#�caSkfqcaSksq[��k[7�j�=QTt�Sk`��-[(`\X=�jQAS[et�f z `���f(g�caU����jSrV>fe`=�jQASOg�feVjSk]��9�Tf�feV-[��?�jQTSCSk`\X�feg���f�npSrt_uESrV:�>[(]?�jQTSrVjSrg�feVjS{t z �=Q�QTUasqQASrV�jQ\[(` z ] z [(cESknpSk`�uESrg�feVjS{cafqsesqUa`TsL�kfqt�t�Sr`T�kS�X�Ua`=f{Sk�kSrt_uESrVYgmhih�j}x ¬ U����jSrVR]��=[e`\X}Ua`TsJ�rVjfqY�Ua`f{Sk�kSrt_uESrVR[�nqSrV=[eseS�X�z7h}~&g t j�cosLQT[����
aiV=[e`AsqS«g*j}~ �Âz7j�P�{��}~ {�yÂj2cos�Q\[�����~}`²�Ìgm��Ö\P�[(uTcaS«gm{ox { ��-QTUa�=Q_�>[(]�`Tf7�:]^Udse`TU��\�k[e`��jcWl�XAU��GSrVjSr`��ba����×jox ji{ � g�VjfqtÌ�jQT[7�:t�S�[e] z VjS�X_Ua` p<f(Vjfqt�[e`AUAg�feVjSk]��Ua`�°p[(` z [(V^l×g*hih�gKa�ziz�~ ���i��a ï yÂ�i�iz � c}shQ\[ ��� ~�`²�rgmz � x×kO]��jQTS�XT[(t�[esqS�[7Ø�Ua�M�jSkXw�jfS�jQAS#�caSkfqcaSksq[/gif(VjSk]����>[e]<�rfqt�Y\[�V=[euAcdS«�jf=�jQT[7�
�jf=p<feVjfqt�[(`TU�gif(VjSk]���a�noUa] z [ec�feuT]^SrVjne[7�jUafq` � ~��jQASYAVjSr���rl}�kcafe`TS<caU����jSrV{cd[kl�SrVCt�[e]^]OfquA]^SrVjnpS�X�Ua`(�jQTS�cd[7���jSvV�a�g t ~ {�j�j=cos�Q\[����mÖGPM[euTcaS�g�z�x } � t�[kluES z ]^SkX�[e]O[e`�[eYAYAVjfmQ}Udt�[��jUafq`�g�feVW�jQTS{Y}VjSr���rl}�kcafq`AS<cdU����jSrVOcd[kl�SrVOt�[e]^]>Ua`��jQAS�gif(Vjt�SrV�xPRQTS��jUat_uESrVLSMQ��^V=[e�R�jUdfe`�YAVjf��kS�X z VjS��>[(]�] z �=Q0�jQ\[����jQAS�]^YT[7�jUd[ec>QASM�jSrVjfesqSk`ASkU��øl�f(gb�jQAScaU&���jSvV�cd[�lpSrVM�R[e]�Ua`T�rVjSk[e]^S�X��kfqt�YT[(VjS�X>�jfW�jQTS:YAVjSr��cafqsesqUa`TsCQTSM�jSvVjfqsqSr`TSkU��øl�x��}SknqSrV=[ec�Ua`��jSk`T]^U��jUaSk]fegOX}Ud]�� z Vju\[(`T�kS���SrVjS�XAUa]��jUa`Ts z Ua]^QTS�X²�-QAUd�=Q²��SrVjS�[e]^]^f��kUd[7�jSkX��-U��jQ�X}Ud]��jUa`A�M�_YAQ\[(]^Sk]LUa`O�jQAS�jUat_uESrVCSMQ��^V=[e�M�jUafe`bY}Vjf��kSk]^]kx4oâ`(�jQTS4�TVj]��{SRQ��^V=[(�M�jUafq`b]��=[eseS_uAV=[(`T�=QTSk]�[e`TXZg�fqcaUd[eseS�Q\[qXZ`Af��l�SM��uESrSk`�]��^VjUaYTYESkX�g|VjfqtÙ�jQTS�]��jSktô[(gÁ�jSrV�cafqsqseUa`Ts�u�l��vQT[eUa`T]j[k�<~O[(`\XK�jQTS�caU����jSrV�cd[�lpSrV�Ua`[e`b[(VjSk[/]^SknpSvV=[ec�t�SM�^VjSk]O�-UdXASL�R[e]<Y z ]^QTSkXb[(]^UdXAS�[(`\Xm[e�r� z t z cd[7�jS�XZUa`bY\[7�j�=QTSr]{[ecafe`Ts2�jQASY\[��jQT]�t�[eXASOu�l��jQTSb�^VjSkSk]��-QASk`�Q\[ z caS�Xvai�-U&�jQ/[<�-Ud`A�vQ � �jf4�jQTSO]�coU|XAXASrV�x:PRQAUa]>XAUa]�� z VjuT[e`A�kS�>[(]��rfq`T]^UdX}SrVjS�X�jf2uESZf(g<caf���Ua`��jSk`T]^U��øl�~>[e`\Xw�jQTS�t�[(]^]�f(g
�jQTS�caU����jSrV�cd[kl�SrV/]j[et�YTcaS�X�Ua`
�jQTSk]^S�[(VjS�[(]JV=[(`TsqSkXhg�Vjfetrzo~ hi��j(c}s�Q\[ ��� �jf(��h}~&gm��jvcos/Q\[ ��� a�`²��g*� � ~��-U��jQ�[(`2[�npSrV=[(sqSfeg t j}~ }7�Âz�a ï z7j�g t } � c}sbQ\[ ��� ~��-QTUa�vQ±Ua]�]^fqt�Sr�-QT[7��cd[(VjseSrV��jQ\[e`w�jQTS/YEfq]��^���rl}�kcafq`AS�V=[e`AsqSa�gmjo~ �iz�jmP�{��o~ {7yÂj�cosLQT[���� � [e`TX/[�npSrV=[(sqSqxloâ`��jQAS�]^Sk�rfq`\X�]��=[eseS��^VjSkSk]
a�Ua`T�rc z XAUa`Ts4�jQTSC�rVjf��-` ��RSrVjS4�jf��RS�XZuESkQAUa`\X(�jQTS�]�coUdXTXASvV��jf�[�c|[(`\X}Ud`As�[(�k�kSk]^]CVjfp[qXZf(V<cd[e`\X}Ua`TsAx{PRQTSLXAUa]�� z VjuT[e`A�kSfeg��jQAS<caU&���jSvVCcd[kl�SrVOfe`��jQTSk]^S<]�coUdX=�^V=[(�Rco]>�>[(]Ct�f(VjS{]^SknpSvVjSq~TSr]^YESk�kUd[ecacWlm[(gÁ�jSrVO]^SknpSrV=[(cMYT[e]^]^Sk]Q\[eX2uESkSk`�t�[qX}S�f�npSrV��jQAS�]j[et�S��^V=[e�ÅcadÚ úmÛ p�[(t�[(V z Äk[et�[e`2° z ]^f7��~bg*hih�g � x ¬ U����jSrV z `\X}SrV�jQTS �jUWVjSk]�fegW�jQAS�]�coU|XAXASrV��R[e]_Y z ]^QAS�X©�jf��jQAS�]^UdXASk]L[e]��RSkcac>[(]LUa`��jf��jQAS�]^fqUac�~�cdSk[�noUa`Ts(�jQAS�-QTSkSrc��^V=[(�Rco]>cd[(VjseSkcWl�uT[(VjS�[e`\X���[ z ]^Ua`Ts�[(`�[(�k� z t z cd[7�jUafe`/f(g�caU&���jSvVO[ecafq`As��jQTSCS�XAseSk]-feg��jQAS�^V=[e�Åc�adÚ úmÛ ³�Uacacdt�[(` �RÜ%Ý�ÞËÛ ~Wgmhi�i{ � x�¯¶QASrVjS/Sk[(V��jQ�t�f�n}Ua`Asbt�[(�vQAUa`TSrV^l²Q\[qX�uESkSr` z ]^S�XK�jf�kfq`A]��^V z �M�O[(�k�kSk]^]-Vjfp[eXA]W�jf��jQTS�c|[(`\X}Ud`Asq]k~\[_t�U�Q�� z VjS�f(g�]^fqUac�[(`\X�caU����jSrVC[e�r� z t z cd[7�jS�X/[ecafq`As�jQTSJVjfp[qX}]^UdXAS�caS�[�noUd`As2�jQAS_Vjfp[eXh] z V^gi[e�kS�g|VjSkS�f(g>caU&���jSvV�x�¯¶QTSr`hcaU����jSrV�]j[et�YAcaSk]<�kfqcacaSk�M�jSkX²Ua`�jQTSk]^SC[(VjSk[e]���SrVjS�Ua`T�rc z XAS�XG~�fquA]^SrVjnpS�X�[(t�f z `��j]:fegycaU&���jSvV>t�[e]^]:V=[e`TseS�X�g�Vjfet�gq~ t �ij�PÎg�{ t ~ t ��j
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¡$¢�£�¤�Ð �Â¥²¦ ß�Ñ�¨«ª Ù ÚvÖ7¬ Ù�× ÖoÔ Û²× Õ^Ö�Ô Û Ö�Ú Û�Û}Ù ª Ü ÖoÕ Ü ÓoÔ ×x¯q°N±4³ Ó=Ø�Ô"EÕøÚ Ü�Ù ÔyÕ%®kÓ�Ô�® Ù Ô�ÕøÚvÖ�Õ Ü Ó�Ô ×
¯®Ü ÔC¼�Ö�Ô Û�¸�¸�· Ø�Ó�Ú · Ö�®(ÚvÓ�»_Ö�Ô Ûv·/Ü ®(ÚvÓoÔ"EÕøÚ Ü�Ù ÔyÕ ×*¾ Ú Ù�×q¸GÙ ®(Õ Ü ª Ù ¶Ë¿ ¾ Ô�à½á ³�Ü Ô�Õ ´ Ù ¶ Ü ÕâÕ Ù Ú
¶|Ö�¿ Ù Ú Ü ÔÇÕ ´ ÙwÝ ¶ Ù Ó�¶ Ù ¬TÖ_®kÖ�Õ�® ´ ·�Ù Ô�Õ=µ Ù Ø�Ó�Ú Ù ´ Ö�Úmª Ù�× Õ Ü ÔÎ¬ ¾ Ö=ØkÕ Ù Ú ´ Ö�Úmª Ù�× Õ Ü ÔÎ¬ ¾ Ö�Ô Û ÖjØkÕ Ù Ú
µ�EÚ�Ô Ü ÔÎ¬ ¾ Ö × º Ù ¶�¶OÖ × ¶ Ù ª Ù ¶ × Ó=Ø ×kÜ ¬}Ô Ü 	 ®kÖ�Ô�® Ù Ø�Ó�Ú�Õ ´ ÙbÛoÜ âJÙ Ú Ù Ô�® Ù�× µ Ù Õqº ÙkÙ Ô¶Õ ´ Ùv·�Ù Ö�Ô ×
ÓjØZÕ ´ Ù2ÛoÜ âJÙ Ú Ù ÔyÕLÕøÚ Ù Ö�Õ ·�Ù Ô�Õ × ÞKã<Ó × Õq»Å®�¿�®7¶|Ó�Ô Ù ®kÓ�Ô�® Ù Ô�ÕøÚvÖ�Õ Ü Ó�Ô ×ZÜ Ô�Õ ´ Ù ¶ Ü ÕøÕ Ù Úv¶|Ö�¿ Ù Ú ×mÜ Ô
¹²²¶�Ö ×(Ù ºOÖ ¾Dä Ó�ÚvÓ Ò ²¶�ÖhÖoÔ Û=ä ÓoÚvÓ · Ö�Ô Ü Ø�Ó�Ú Ù�× Õ × ÖoÚ Ù�× ´ Ó�º>Ô/Ø�ÓoÚ2®kÓ ·%¸ ÖoÚ Üi× Ó�ÔMÞ

BMnZnMgCaKPN

0.1890.5580.1380.0490.725TULASEWA FOREST
0.2210.5010.0840.0290.608KOROKULA FOREST
0.1810.5590.0910.0400.685KOROMANI FOREST

OLEOLEGA CATCHMENT
0.1420.3790.2460.0380.745Before logging (1)
0.0240.0610.0660.0070.168SD

9.3654300.1660.3440.2400.0540.779After logging (2)
0.917120.0250.0620.0690.0140.109SD

11.9821440.3640.4970.2830.1750.747After burning (3)
2.540180.1280.1160.1020.0230.136SD

Difference in means of litter after treatments
nsnsns<*ns1 <> 2

<*ns<***<**<**ns<***ns2 <> 3

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

cos�QT[ ��� ~A�-U��jQm[e`�[�nqSrV=[eseS<feg t }�~&gm�Â{ cos�QT[ ��� a�PM[euTcaS�g�{�x { � ~T�-QAUa�vQ�Ua]C[Lg�[(�M�jfeV%gqx t QAUdseQTSrV�jQT[e`��jQTS�caU����jSrV<cd[kl�SrV{t�[(]^]�uESrg�feVjSLQ\[(VjnqSk]��jUa`Ts�]��=[(V��jS�XGx>��f���SknpSrV�~�[(]{]^fqUac�[e`TXZcdU����jSrVC�RSrVjSf(gX�jSk`2��SkcacRt�U�QASkX�~�]j[(t�YTcaUa`TsZf(gCcaU����jSrVLfq`0�jQAS �^V=[e�Åc}]��>[(]_npSvV^l2X}U&å�� z c���~�[(`\XO�jQTS�[(�M� z [(cV=[(`TsqS�t�[kl�Q\[�npS{uESrSk`�t z �vQ/cd[(VjsqSvV�x-PRQTS�X}Ud]�� z Vju\[(`T�kS<f(gÃ�jQTS<caU����jSrV�cd[kl�SrV-�R[e]��rfq`T]^UdX}SrVjS�X�jf<uES-feg�t�S�X}U z t·Ua`��jSk`T]^U��ølLfq`�Ua`}g�VjSmU z Sr`��jcWl z ]^S�X�]�coUdXTX}SrV��^V=[e�Åc}]ba�fq`AS-feVD�â�Rf<YT[e]^]^Sk] � ~}[(`\Xf(gEQTUasqQ_Ud`��jSk`A]^U��øl�fq`Lg�VjSmU z Sr`��jcWl z ]^SkX%�^V=[e�Åco]�[e`TX_[e�r�kSk]^]�Vjfp[qX}]Wa�t�feVjSD�jQT[e`«�â�Rf{YT[e]^]^Sk] � x�oâ`�jQAS$�jQTUWV=X�SMQ��^V=[e�M�jUafe`_]��=[eseS?�^VjSkSk]���SrVjSRYAVjSrY\[(VjSkX�g�feVÃ�^V=[e`A]^YEfeV��Ã�jfb�jQTS�]j[k��t�Uacac}[(gX�jSvV:[(V^VjUanq[(cfe`��jQTSRcd[(`\XAUa`Asq]kx:PRQTUa]:Ua`}nqfqcanpS�X4�jQTSR]��^VjUaYTYAUa`Ts{f(g²�jQTSRu}V=[e`T�=QTSr]�[(`\XLg�fqcaUd[eseSOg|VjfqtÌ�jQTSD�^VjSrSk]kxPMf2cpSkSkY©�jQTSLc|[(`\X}Ud`As�[�VjS�[��kcaS�[�V%�jQAS�]^cd[e]^Q²�R[e]<VjSks z cd[(VjcWlbY z ]^QTS�X��jf2�jQAS�S�XAseSk]<�-QTSrVjS_U&�g�feVjt�S�X�c|[�VjsqS�YTUacaSk]O�kfq`A]^Ua]��jUd`As�feg:[_t�U�Q�� z VjSCfeg�]^feUdcM[e`TX/]^cd[e]^Q�xRPRQAS<]^Y\[7�jUd[(cMQTSR�jSrVjfqseSk`TSkU��âlVjS�[(�vQAS�X�[Zt�[7Q}Uat z t�fq`0�jQASk]^S/cd[(`\XAUa`Asq]k~�[e`TX�X z S��jf(�jQAS�]^U&ÄkS/[e`TX2�kfqt�YEfe]^U��jUdfe`�fegW�jQTSYAUdcaSk]-`Af�Sk]��jUat�[7�jSk]-�kf z cdX�uES{feu��=[(Ud`AS�X�Ua`��jQASk]^S<[(VjSk[e]kx
kO]R[{VjSk] z c&��feg"�jQTUa]:Ua`T�rVjS�[(]^S�X�]^Y\[7�jUd[(c\QTSM�jSvVjfqsqSr`TSkU��øl�feg��jQTS-caU����jSrVRcd[kl�SrV�~oU����R[e]�XAU�å�� z c&��jf�X}SM�jSrVjt�Ua`TSR�-QASM�jQTSrVl�jQTS-[�npSvV=[esqSOne[ec z S-fqu��=[eUa`TSkX_g�VjfqtÌ�jQASOcaUat�U��jS�X_` z tLuESrV�feg�]j[(t�YTcaUa`TsYEfeUd`��j]��>[e]/VjSkYAVjSk]^Sr`��=[��jUanpSbg�feV(�jQASb[et�f z `���f(g_caU����jSrV�Y}VjSk]^Sk`��Z[�gX�jSrV��jQTSm�kfqt�YAcaSM�jUafq`�fegQT[(VjnpSk]��jUa`AsAxl��f��RSrnpSrV�~T[e]W�jQTS�XAUat�Sk`A]^Uafq`T]>f(gÃ�jQTS��^VjSrSk]�[���#�cdSrfqcaSksp[���SrVjS<]^Uat�Udcd[�VY�jf��jQAfq]^SUa`Op<f(Vjfqt�[(`TU�gifeVjSr]��_[(`2Ua`\X}SkYESk`\X}Sk`��<Sk]��jUat�[7�jS_feg?�jQAS�YEf��jSk`��jUd[ec:]^cd[e]^Q�Y}VjfoX z �R�jUdfe`²�kf z cdXuES�feu��=[eUa`AS�X2u�l z ]^Ua`Ts(�jQTS�Y}VjSr���rl}�kcafq`AS�uTUafqt�[(]^]_XA[7�=[�fegWp<f(Vjfqt�[(`TU�gifeVjSr]��(a�P�[(uTcaS�gigqx } ��kf(V^VjSk�M�jS�XZgif(V<X}U&�GSvVjSk`T�kSr]{Ua`b]��jf��ÅcoUa`TsAx{PRQTUa]�VjSk] z c��jS�XZUd`b[�YEf��jSk`��jUd[ecM]^c|[(]^QhY}VjfoX z �M�jUafq`mfegz�zo~ �ij�j«cos�Q\[����>[(`\X��-U��jQ/[(`�Sk]��jUat�[7�jS�X�YAVjSv�â�vlA�rcdfe`TSOcaU&���jSvV>cd[�lpSrVRt�[(]^]�feglg t ~ {�jij%cosJQT[�����~

�jQAS �jf��=[ec:t�[e]^]�f(g9�jQTS�caU����jSrVJc|[kl�SvV_[�gX�jSrVLQ\[�VjnpSk]��jUa`Ts/�Rf z cdX2uES t �}~&g*jij�cos�Q\[����kx�PRQTUa]JUd]�kcafe]^S2�jf��jQTS�t�S�[e] z VjS�X2YEfq]��^��cafqsesqUa`Tshnq[(c z Sq~�[e`TXO�jQTS�SrV^VjfeV�Ud`0�jQAS�[�VjS�[ec>Sr]��jUdt�[��jS/seUanpSk`S�[�VjcaUdSvVC�R[e]W�jQTSrVjSrg�feVjS<�kfe`T]^UdXASvVjS�X�]^t�[ecac�xPRQAS�Y}VjSk]^�rVjUauES�X�u z Vj`�Ua`wk z s z ]��_�kfq`A] z t�S�XO�jQAS�]^cd[e]^Q±[e]L�RSkcacO[e]��jQAS z `\X}SrVjseVjf��9�jQ
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³ Ø�ÓoÚJÕ ´ Ù ¶ Ü ÕøÕ Ù Ú%¶|Ö�¿ Ù Ú · Ö ×k× Ö�Ô ÛÔ�EÕâÚ Ü�Ù Ô�Õ«®kÓoÔ�Õ Ù ÔyÕ ×O¯�Ò ¬ ´ Ö ���*³�Ü Ô�Õ ´ Ù�Ý ¶ Ù Ó�¶ Ù ¬AÖ®kÖ�Õ�® ´ ·�Ù Ô�Õ µ Ù Ø�ÓoÚ Ù ´ Ö�Úmª Ù�× Õ Ü ÔÎ¬ ¾ Ö=ØkÕ Ù Ú
´ Ö�Úmª Ù�× Õ Ü ÔÎ¬ ¾ ÖoÔ Û ÖjØkÕ Ù Ú µ�EÚ�Ô Ü ÔÎ¬ ¾ Ö × º Ù ¶�¶�Ö × ¶ Ù ª Ù ¶ × ÓjØ ×�Ü ¬oÔ Ü 	 ®kÖ�Ô�® Ù Ø�ÓoÚLÕ ´ Ù�ÛoÜ âJÙ Ú Ù Ô�® Ù�×
µ Ù Õ�º ÙkÙ Ô�Õ ´ Ù�·ZÙ Ö�Ô × Ó=Ø�Õ ´ Ù/ÛoÜ âJÙ Ú Ù ÔyÕCÕøÚ Ù Ö�Õ ·ZÙ ÔyÕ × Þ

nBMnZnMgCaKPNMass

600.095.30.1326.585.111.62.971.213511Pre-cyclone+

1640.7108.271.710.8206.929130Before logging (1)
17.544.838.14.879.612491SD

220.3425.21.0961.9121.891.220.2292.337185After logging (2)
0.3026.60.9656.8100.092.620.3278.433632SD

190.076.10.2825.427.118.99.746.75787After burning (3)
0.1010.50.4343.836.729.812.473.47992SD

<*nsns<**nsns1 <> 2
>***>***>***>**>***>***>**>***>***2 <> 3

+:Data from Koromani forest
ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01

npSkseSM�=[7�jUafq`�Ua`��jQTSOYAVjSknoUaf z ]^cal_gifeVjSr]��jS�X�[�VjS�[e]>u z ��XAUdX�`Tf��RQ\[�npSO[Jcd[�VjsqS{SM�GSr�M�>fq`��jQASCnpSrsqSr��=[7�jUafq`�Ua`��jQTS>VjUaY\[�VjUd[e`�Äkfq`ASqx�!�fe]��^�âu z Vj`�t�S�[(] z VjSkt�Sr`��j]�f(g"�jQASO[e]^Q�cd[kl�SrVRUa` �jQASOY}VjSknoUaf z ]^cWlgif(VjSk]��jS�X²[�VjS�[e]�]^QAf���S�X²[�]^Uasq`TU��T��[e`��JXASr�rVjS�[e]^S_feg?�jQAS_caU����jSrV�cd[�lpSrVJ[e`TX z `\XASvVjseVjf��9�jQhnqSkse�SM�=[7�jUafe`ht�[(]^]k~yg|Vjfqt�[�YAVjSr��u z Vj`��jf��=[(c:f(g>[(uEf z �>yÂj}~ j�jij�cos�Q\[ ��� �jf/[/YEfq]��^��u z Vj`��jf��=[(c:f(g{o~ �ij�j«cosJQ\[����>aiV=[(`TsqS t z7j�P t�t ~ {���j�c}sJQ\[����k~AP�[(uTcaS«gm{ox { � x$kO]>[�VjSr] z c���~}[(gÁ�jSrV9�jQTSOu z Vj`��jQAS]^fqUacM] z V^g�[(�kS{�>[(]CSMQ}YEfe]^S�X/Ua`�t�fe]��-Y\[(V��j]-f(gÃ�jQTS{��[��j�vQAt�Sk`���xPRQTSC[�npSrV=[(sqS�` z �^VjUdSr`����kfe`T�kSk`��^V=[��jUdfe`T]RUa`��jQTSOcaU����jSrVRcd[kl�SrV�fq`��jQTSW�jQAVjSkSO]j[et�YAcaUd`As�f��k��[(�]^Uafq`T]�[(VjS-]^QAf��-`�Ua`�P�[(uTcaS
g�{�x y
�jfesqSM�jQASrV��-U��jQ �jQTS>caSknqSkca]�f(gy]^Uase`TU��\��[(`T�kS-gif(V$�jQAS-XAU��GSrVjSk`A�kSk]uESM�ø��SkSk`ht�S�[e`A] a�æ Ü Á�ç � À Ü�è Â Ü �jSk]�� � x��Cf�]^Uasq`AU&�T��[e`��LXAU��GSrVjSr`T�kSk]{��SrVjS�gif z `TXbgif(V4�jQTS��kfe`A��kSk`��^V=[7�jUafe`T]<feg?�L~"p�~�ÇR[�[e`TX0~�s�Ua`S�jQAS�caU����jSrV�cd[�lpSrVJuESrgif(VjS�[e`\Xb[(gÁ�jSrVJcafqsqseUa`TsA~�u z �>�jQAS�kfq`A�kSk`��^V=[7�jUafe`/f(g�!2�>[(]>]^Uasq`TU��T��[e`��jcWl�QTUasqQASrV-[�gX�jSrV-cafqsesqUa`Ts}xD�Cf��RSknpSvV�~oU&�Rt z ]���uESCVjSrt�Skt��uESrVjS�XK�jQ\[�� �jQTS/c|[�VjsqSZUa`TY z ��f(g�g|VjSk]^Q�caU����jSrV�u�l��rl}�kcafq`ASm�}Ua`T[hQ\[eX±[(cWVjS�[qXol±�=Q\[(`TseS�Xx�jQAS�kfq`A�kSk`��^V=[7�jUafe`T]Ofegl�L~N!�~Np�~E[e`TX�ÇR[�Ua`(�jQTS�caU&���jSvV{cd[kl�SrVC]^Udse`TU��\�k[e`��jcWlm[e]O�kfqt�YT[(VjS�X��jf �jQASYAVjSr���rl}�kcafe`TSJ�kfqt�YEfe]^U&�jUafe`ua�]^SkS��}Sk�R�jUdfe`Kg�zox {�x z � x%��f�XT[��=[���SrVjS�[�ne[eUacd[euTcaS_g�feV>�jQASL�rfq`T�rSk`A��^V=[7�jUafq`A]Cf(g�þG`�~�~�`Z[(`\X(�¶Ua`��jQAS<]j[et�YTcaSk]O�kfecdcaSk�R�jS�X�Ua`�f{Sk�kSktLuESrV
gmh�hijoxW� z Vj`AUa`Ts�fegÃ�jQAScaU&���jSvVRcd[kl�SrV�Q\[qX�`Af<]^Udse`TU��\�k[e`��>SM�GSk�R�j]�fe`��jQAS-�kfq`A�kSk`��^V=[7�jUafq`A]Rfeg"�J~�p´[(`\X�~�`�u z ���k[ z ]^SkX]^Uasq`TU��T��[e`��LUd`A�rVjS�[(]^Sk]�Ua`0�jQTS��kfe`T�kSk`��^V=[��jUdfe`T]�f(gY!�~ÃÇR[}~D~�sA~�þE`�[e`TXK�C~�] z sesqSk]��jUa`As©�jQT[7��jQTSk]^S�SkcaSkt�Sk`��j]R�RSrVjS<VjSM�=[(Ua`TS�X�Ua`=�jQTS<[(]^Qyx
¬ U����jSrVCcd[kl�SrV{` z �^VjUdSr`��O�kfe`��jSk`��j]Og�feV{Sk[e�=Q(�^VjS�[7�jt�Sk`��-�RSvVjSL��[(ca� z cd[7�jSkXZg|VjfqtàcaU&���jSvV{cd[kl�SrVt�[e]^]-[(`\X��kf(V^VjSk]^YEfq`TXAUa`Ts��rfq`T�rSk`��^V=[7�jUafq`A]Of(g�` z �^VjUaSk`��j]kx�PRQTS{VjSk] z c&�j]O[�VjSJY}VjSk]^Sk`��jS�X�Ud`�P�[(�uTcaS�g�{�x {�xhPRQTS��kfq`��jSk`��j]JfegC[ecacR` z �^VjUdSr`��j]�Ua`T�vVjS�[e]^S�X�[�gX�jSrV_Q\[(VjnqSk]��jUa`TsA~�u z �%�jQTS�Ua`T�vVjS�[e]^Sk]�RSrVjSJfq`AcWl�]^Uasq`AU&�T��[e`��CgifeV>!w[e`TXv~�s��-QTUa�vQmUa`T�vVjS�[e]^S�XZu�l�g�[e�R�jfeVj]{f(gbgex h/[(`\XOgqx {�~EVjSk]^YESk�r�

�jUanpSkcWl�x�kCsq[eUa`�U&�-t z ]���uES�]��^VjSk]^]^SkX=�jQ\[��>�rl}�kcafq`AS��}Ua`T[JQT[qX�Ud`A�rVjS�[(]^S�X��jQAS�` z �^VjUaSk`����kfq`��jSk`��fegY�jQTS�caU����jSrV�cd[kl�SrV��rfq`T]^UdX}SrV=[euAcal��kfet�Y\[�VjS�Xx�jfv�jQTS/YAVjSr���rl}�kcafe`TS�]^U�� z [7�jUafq`Æa�P�[euAcdSSg�zox } � ~[e`TX2�jQTS<SM�GSr�M�Ofeg�Q\[�VjnpSk]��jUa`Ts��R[e]W�jQTSrVjSvgifeVjS�gif(V{[�cd[�VjsqS�Y\[�V��{XoVjf��-`AS�X�u�l��jQ\[��Cf(g��jQTS<�rlo��kcafq`ASqx ¬ U����jSrV�` z �^VjUdSr`����kfq`��jSk`����R[e]�VjS�X z �kS�XJ]^Udse`TU��\�k[e`��jcWlLu�l
�jQASRu z Vj`TUa`Ts}~e�-U��jQ_YEfe]��^��u z Vj`[et�f z `��j]�uESkUa`Ts g*�Â|Va�� � �jf
yÂ�i|Va�! � feg²�jQTS-Y}VjSr��u z Vj`L�kfq`��jSk`��j]kx�PRQASrVjSrg�feVjSOc|[�VjsqSC[et�f z `��j]feg�` z �^VjUaSk`��j]O��SrVjSLVjSrcdSk[e]^S�XZg�Vjfet��jQTSJ]^cd[e]^QhX z VjUd`As��jQTS4�TVjSq~E�-QAUd�=QmseVjS�[��jcWlmUd`A�rVjS�[(]^S�Xv�jQAS
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Oleolega Catchment

+: Forested
*: Logged/burned
o: Tracks, landings

S.P. 73A

S.P. 73B
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� ô7ì�ò*î&í&óÎò�ù�ô7ïÅôvëiówì�ëií&îWê õ ð�ì�í#"*ô�î9ê�÷dë�ê²òM÷�ïdí&ò*ì õ ô�øiò � ò*òMóuê�÷dë7ø�íËù�ò*ùxí&ó ÇDõ ô7ê�ïdòM÷ y ô7óNù0ï õ ò
ò � ò
"MïdìWë�ñ õ ô7÷døÂò*ì�ïdí&ó�ö�ô�óÎù � û�÷dóÎí&óÎö�ëió2ï õ ò*ì�ò
ê�÷dë�ê²òM÷�ïdí&ò*ìbô7÷dò
ò Q ô7ü�íËó�òmù2í&ó�ï õ í&ì9ì�ò$"Mïdí&ëió �

%'&)(âð�(*% +-,/.1032�4'57698;:�Ô
� í&öiû�÷dò gm{<� y ì õ ëmúWì � û�î c ù�ò*ó�ì�í�ïqð4ù�ô7ïÅô?ñ ë7÷�ï õ ò # î&ò*ëiî&ò*öiô="mô�ï1" õ ü�ò*ó�ï>"Mëiî&î&ò$"Mïdòmù � òMñ ë7÷dòDî&ëiö�öií&óÎö
ô7óNù�ô�ñXïdòM÷$î&ëiö�öií&óÎö%ô�óÎù � û�÷dóÎí&ó�ö�ë�ñ²ï õ ò?ì�îËô�ì õ?�'@ ú?ë4ô�"
"*ò*ì�ì�ïdû � ò*ì�ñXë�÷lï õ ò�"mô7êNôA"*í�ïÅô�óB"Mòbê�÷dë � ò
úDòM÷dò í&óÎì�ïÅô7îËî&òmùC"*î&ëiì�ò�ïdë2ìdô�ü�êÎî&ò«ê²ëií&ó�ï } t a ì�òMò � í&öiû�÷dò g�{<� t ����k "$"Mò*ì�ì>ïdû � ò�D � !E��} t k ú9ô7ì
í&óÎì�ïÅô7î&îËò*ù�í&ó�ô�ì�ü�ô7î&î�ñXë�÷dò*ì�ïbê�îËë7ïWëió�÷dò*îËô7ïdí&øÂò*î�ð�ù�ò*òMê2ì�ë�íËî a ÷dë�" c ô�ïGF gH� { ü � ú õ òM÷dòmô7ìbô�"$"*òMì�ì
ïdû � òID � !J��} t � ú9ô�ì�íËó�ì�ïÅô�î&î&òmù4ëió
ï õ òlìdô�ü�òlì�î&ëiê²ò?ô�ïÃôWù�í&ì�ïÅô7óB"*ò$ë�ñÎô � ëiû�ï yij ü_ñX÷dë�üKD � !E�7} t k
í&ó«ôbì õ ô�î&î&ë�úwì�ë�íËî a ÷dë�" c ô7ï'F }�j "*ü � í&ó«ôYù�òMñ ë7÷dò*ì�ïdòmù�ô�÷dòmô a ì�òMò?ô�î&ì�ë k êÎê²òMóNù�í Q%z�y����@?õ ò$ï�ú?ë
ê�÷dë � î&ò*ìL"*ë�ü�êNô�÷dòmù=úDò*î&î"úWí�ï õ � ûÎî c ù�ò*ó�ì�í&ïdí&ò*ìWë � ïÅô�í&ó�òmù2ñX÷dë�üM"*ë�÷dò
ìdô7ü�êÎî&ò*ì a�k ê�ê²ò*óNù�í Q=zi{��
"*ë�î&îËò
"Mïdòmù�ô7ïbë7ï õ òM÷Wìdô7ü�êÎî&ò
ê²ëií&ó�ïdì9í&ó�ï õ ò)"*ô7ï1" õ ü�ò*ó�ï a�� í&öiû�÷dò g�{<� yN���
@ ëuô7ì�ì�ò*ì�ì2ï õ òvíËü�êÎô�"Mï=ë7ñ õ ô7÷døÂòMì�ïdíËó�öKëió×ì�ë�íËî � ûÎî c ù�ò*ó�ì�í�ïqð�ÿbùÎô�ïÅô�"*ëiî&î&ò$"Mïdò*ù×ñXë�÷=ï õ ò
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í&ó f ò$"*ò*ü � òM÷ g*hihij ú?òM÷dò�"*ë�ü�êNô�÷dòmù�úWí�ï õ ï õ ëiì�ò
"*ë�î&îËò
"MïdòmùSí&óSô7÷dòmô7ì
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ë7ï õ òM÷�úWí&ì�òiÿÎô�óÎù�úWí�ï õ ùÎô�ïÅô7"*ë�î&îËò
"Mïdòmù2ë�ó�óÎòMú�÷dëiôiù�ì*ÿ�ï�÷ÅôA" c ì?ô7óNù�îËô�óNù�í&óÎöiì � òMïqúDò*ò*ó k ûÎö�ûÎì�ï
ô7óNù # "Mïdë � òM÷ gmh�h�gH�2f û�ò ïdë�ï õ ò�ü�ô7ì�ì�íËøiò ì�ï�÷dûB"Mïdû�÷dò�ë�ñ9ï õ ò ì�û � ì�ëií&îDí�ï4ú9ô7ì«û�óÎî&í c ò*î�ðvï õ ô7ïõ ô7÷døÂò*ì�ïdí&ó�ö2ô7óNù � û�÷dóÎí&óÎö�úDëiûÎîËù õ ômøÂò õ ô�ù©ô�ü�ô T ë�÷�ò � ò$"Mï � ò*î&ë�úÌô2ù�ò*ê�ï õ ë7ñ t j "*ü aPO ô7ó
ù�òM÷ ! îËô�ì�ô7óNù � ÷dûÎí T ó Ä ò*òMî�ÿ gmhih t � ô7óNù�ï õ ò�÷dò*ì�û�î�ïdì(ë � ïÅô�í&óÎòmù�ñXë�÷(ï õ òSìdô7ü�êÎî&ò*ìQ"Mëiî&î&ò$"Mïdòmù
� ò*î&ëmú�ï õ íËì?ù�ò*ê�ï õ ô�ñXïdòM÷?îËë�öiö�íËó�ö ô7óNù � û�÷dó�í&óÎö
ú?òM÷dòbï õ òM÷dòRñ ë�÷dòYûÎì�òmù ïdë«ù�òM÷dí&øÂòbò*ì�ïdí&ü�ô7ïdòMìDñ ë7÷
ï õ ò � û�î c ù�ò*óÎì�í�ïdí&ò*ì4ô�ï4íËó�ïdòM÷dü�ò*ù�íËô7ïdò�ù�ò*ê�ï õ ì�ñ ë7÷4ï õ ò�ê�÷dò
R�î&ëiöiö�í&óÎö(ì�í�ïdûNô�ïdí&ëióKô7ì4úDò*î&îDô7ì>ñ ë7÷
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ï�÷Åô�" c ì*ÿ�÷dëÂôiù�ì�ô7óNù©îÁô7óNù�íËó�öiì �(È ì�ïdí&ü�ô7ïdòMì4ñXë�÷�ù�ò*ê�ï õ ì
û�êSïdë �ij "*ü íËó©ï õ ò
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¡D¢�£�¤ed �i¥²¦ fhgS¨«ª�iAj�k7¬Bixµ7²¶ Ò-l iAmhnpoPqrosipn ¯ ¬_® ·utEvm³Â¾ npqwk<m l k<j l-l i7ªHosk�qrosx�mhn ¾ m" · µ
iAjyx*z
nAk ·%¸ ¶ei ¸ x<oPm?q{n|k<m l npoË¬<m}o ~Y®$k�m�®
i�¶�i�ª�i7¶Vn)z�x<j�q ´ i l o â iAj�i�m�®$ipn�µ
iAqqº=i
iAm · i$k<mhnaz�x<junAx<o�¶
nAk ·%¸ ¶eipnx®$x�¶�¶�i*®Aqwi l oPm�q ´ i-��¶ei
x�¶�i�¬�kÆ®$k�q�® ´ · iAm?q�oPm ± i*®$i · µ$i�j��<����� ¯ z�x<j�ipnpq;i l*³ k�m l
° i ¸ qwi · µ$iAj��<���B� ¯ ¶exR¬i¬�i l k�m l µ7�jpm>i lN� qrj�k�® Ò n Ó ¶�k<m l oPmN¬�n ³��

30-5520-3010-200-10Location                      Depth [cm]:

1.41+1.210.5351.07Forested
0.090.07Standard deviation
1212Number of samples

1.411.21+1.171.13Logged & burned
0.170.11Standard deviation
1213Number of samples

1.41+1.331.251.17Tracks & landings
0.11Standard deviation
10Number of samples

Differences in means between treatments
<*Forested <> Logged & Burned
<**Forested <> Tracks & Landings
nsLogged & burned <> Tracks & landings

ns: not significant; *: significance level 0.10; **: significance level 0.05;
***: significance level 0.001; +: Assumed value; Underlined values 
have been obtained by linear interpolation

ù�ò*ø�íËô7ïdí&ë�óÎì �=k î�ï õ ëiûÎö õ ï õ ò ìdô�ü�ê�î&ò ì�í Ä ò*ì4ú?òM÷dò�ì�ü�ô7îËî�ÿ�ï õ ò�ù�ô7ïÅô�ì�û�öiöiòMì�ïdòmùSï õ ô�ï
ï õ ò � ûÎî c
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� û�÷dóÎí&óÎö%í&ó�ï õ ò
ô � ì�ò*ó�"*ò
ë�ñ�ñ û�÷�ï õ òM÷bù�í&ì�ïdû�÷ � ô�ó�"*ò>ë7ñ�ï õ ò�ïdë�êÎì�ë�íËî �I@?õ í&ìWü�ô*ð õ ômøÂò � ò*òMó(ù�û�ò
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ò*óÎë�ûÎö õ ñXë�÷ ï õ ò�ômøÂòR÷Åô�öiò2øiô7î&ûÎò�ïdë©ñ ô�î&îWëiû�ïdì�íËù�ò2ï õ ò�÷Åô�ó�öiò2ë � ì�òR÷døÂòmù0ñ ë7÷ ï õ ò=ì�ëií&î&ì�í&óxï õ ò
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ú?òM÷dò�ë � ì�òR÷døÂòmùvëióvï�÷Åô�" c ì>ô�óNùvîËô�óÎù�í&óÎö�ì4ú õ òM÷dò«ï õ ò«ïdë�êÎì�ëií&î õ ô�ù � ò*òMóOù�íËì�ïdû�÷ � òmùvì�ò*øÂòM÷dò*î�ð
ô�óÎù�ï õ ò*ì�òWú?òM÷dò>ì�í&ö�óÎí � "mô7ó�ïdî&ð�ù�í � òM÷dò*ó�ï a����Cj�� jÂ{�� ñX÷dë�ü�ï õ ë�ì�ò�ë7ñ�ï õ òYì�ë�íËî�û�óNù�òR÷Dñ ë7÷dò*ì�ï � û�ï
óÎë7ï«ñÁ÷dëiü ï õ ëiì�ò2ë�ñbûÎóÎù�í&ì�ïdû�÷ � òmù0ì�ë�í&îWô7ñXïdòR÷�î&ëiöiö�í&óÎö0ô7óNù � û�÷dóÎí&óÎö �K# ó0ï õ ò�îÁô7óNù�íËó�öiì�ï õ ò
ö�÷dëmú9ï õ ë�ñ�ï õ ò
óÎòMúWî�ð(ê�îËô�ó�ïdòmù(ì�ò$"*ë�óNù�÷dë7ïÅô7ïdí&ëió(ñXë�÷dò*ì�ï�ü�ômð � ò4ê²ë�ë�÷�ù�û�ò4ïdë ï õ ò�"*ëiü�ê�î&òMïdò
÷dò*ü�ë�øiô7î�ë7ñDï õ ò4ïdëiê�ì�ëií&î�ÿ�ú õ íS" õ ò Q ê²ëiì�ò*ù�ï õ ò«ìdô7ê�÷dë�îËí�ïdòiÿ�ë�÷
ù�ûÎò4ïdë�ï õ ò%ì�ò*øÂòM÷dò/"*ëiü�êÎô�"Mïdí&ë�ó
ë�ñ�ì�ëií&î�ô7óNù�ì�û � ì�ò U ûÎò*ó�ï?òR÷dëiì�í&ëió a�k ì�ì�ò*ó � òM÷dö�ÿ g*hih t ���I@?õ ò õ íËö õ � ûÎî c ù�òMóÎì�í�ïdí&ò*ì9ë � ì�òM÷døÂòmù�í&ó
ï õ ò*ì�ò%ô�÷dòmô�ì>ü�ô*ð�ô�î&ì�ë�í&ü�ê²òmù�ò
÷dë�ë�ï>ù�ò*øiò*î&ëiêÎü�òMó�ï aPO ô�óvù�òM÷=�0ò*òM÷�ïmÿ gmhÂ}�y�� ú õ íS" õ í&ì�î&í c ò*î�ð
ïdë�î&òmôiù0ïdë�î&ëmú?òM÷�ê�÷dë�ù�û�"Mïdí&ø�í&ï�ðS÷Åô�ïdò*ì�í&ó0ï õ ò=ó�ò Q ï4÷dë�ïÅô7ïdí&ë�ó �©o ï«ì�ò*ò*ü�ì%ûÎó�îËí c òMî&ð©ï õ ô�ï«ï õ ò
êÎîËô�ó�ïdí&óÎö�ë7ñlêÎí&óÎò*ìYëió(ï õ ò4÷dëiôiù�ì>ô�óÎù(îËô�óNù�í&óÎöiìbúWí&îËîÃí&ü�ê�÷dë7øiò>ï õ ò4ì�ëií&îÃì�ï�÷dûB"Rïdû�÷dò
ïdë=ô�îËô�÷döiò
ò Q ïdò*ó�ï �

%'&�({�)({� �a�I:h,!�h�I:�4'��� Ô!�!�h��,7.�8*�½Õ��=57�/,7�>:h8;�!8;:h8*4'6
È ì�ïdí&ü�ô�ïdò*ì�ë7ñ�ï õ ò õ ð�ù�÷Åô7ûÎî&íS"'"MëióNù�ûB"Mïdí&ø�í�ïqð a�p!�r�p�{� ë � ïÅô�í&óÎò*ù
ñÁ÷dëiüÆûÎóNù�í&ì�ïdû�÷ � òmù)"*ë7÷dòDìdô7ü�êÎî&ò*ì
"*ëiî&î&ò$"Mïdò*ù � òMñXë�÷dò9ô7óNù%ô7ñXïdòR÷�îËë�öiö�íËó�ö
ô�óÎù � û�÷dó�íËó�ö�ÿiô�ì�úDò*î&îÎô7ìÃëió4÷dëÂô�ù�ì*ÿiï�÷ÅôA" c ìÃô7óNù4îËô�óNù�í&óÎöiì*ÿ
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¡$¢�£�¤ed �Â¥²¦S¤9gY¨«ª�i�j
k7¬Bipn ¾ npq;k�m l k�j lCl i7ª�osk<q{osx<mhn ¯q°²±
³Â¾W· i l osk�m?n ¾Y· x l i�n�k�m l j�k<mÎ¬Bipnux1z
ä�¥1¦$§ z�x<jGq;x ¸ »�k<m l nm"µ�n�x<o�¶Vn>µ$i{z�x�j�i/k�m l k1z$q;i�j ´ k<jmªNi�npq{oPmN¬�k�m l µ��jpm}oPmÎ¬£oPm|q ´ i��>¶�i$x�¶eiq¬Bk
®$k�q�® ´ · iAm?q�k�m l z�x�j�q ´ iuq;x ¸ ���S® · k1z$q;i�j=®$x�m?npq{jm"®Aq{osx<m¨x1z�q{j�k�® Ò nuk�m l ¶�k<m l oPmN¬�n �

nMaximumMinimumModeMedianSDAverageDepthTreatment
[m day-1][m day-1][m day-1][m day-1][m day-1][cm]

122250.1275273731-6Forested
141530.011.061.541151-6Logged & burned
110.690.00010.0430.0490.230.171-6Tracks & landings

12190.060.581.225.33.125-35Forested
130.240.00040.00820.00880.080.0540-70Logged & burned

ô�÷dò�ì õ ëmúWóSíËó @ ô � î&ò gm{<� }<�«f ô7ïÅô�ñ ë7÷
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ïdëiê � "MüVë�ñlì�ëií&î a���j F �Â|�Ö?@ ô � îËò z�{<�&gmjH� ô7ïYóÎí&ó�ò%ê²ë�í&ó�ïdì
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PO4NO3NH4MgCaKNaLOIC/N%C%NpH*pHnDepthLocation

0.0130.1290.1701.931.280.1140.1708.318.02.220.1363.974.60250-10Oleolega
0.0040.0680.1331.670.750.0810.1187.115.71.250.0843.874.562510-20Forested
0.0010.0250.0702.060.290.0620.1276.211.40.370.0333.834.722530-60

0.0120.0420.1032.431.730.1790.1118.720.92.170.1304.265.25250-10Oleolega
0.0030.0250.0652.201.160.1200.1017.621.91.250.0774.125.162510-20Logged &
0.0020.0240.0112.460.320.0520.1056.515.00.430.0344.015.012530-60Burned

0.0080.0390.0972.651.320.1580.1479.627.82.160.0794.195.14140-10Oleolega
0.0070.0300.0671.990.860.1190.1119.125.31.570.0654.105.171410-20Tracks &

7.313.20.290.0234.035.361430-60Landings

Significance levels of differences between means by Student’s t-test
Depth interval 0-10 cm

ns>**>***ns<*<***>***nsnsnsns<***<***Forested <> Logged
ns>**>**nsns<***ns<*<***ns>**<**<***Forested <> Tracks
nsnsnsnsnsns<**nsnsns>**ns>*Logged <> Tracks

Depth interval 10-20 cm
ns>***>***ns<**<***nsnsnsnsns<***<***Forested <> Logged
nsns>***nsns<*ns<**<***nsns<**<***Forested <> Tracks
<*<*nsns>*nsns<**nsnsnsnsnsLogged <> Tracks

Depth interval 30-60 cm
<*ns>***nsnsnsnsnsnsnsns<***<***Forested <> Logged

nsnsnsns<*<***Forested <> Tracks
nsns>*>*<*<***Logged <> Tracks

pH*: pH of soil in KCl solution
ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01
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C-TotN-TotNO3-NNH4-NP*P+MgCaKNa

635634513531052.71837816220230Oleolega Forest

73090479830802.420061084280211Logged & burned areas
69183331332822.92063923280231Tracks & landings
72711465430802.420111069280213Oleolega Logged & Burned

9148141-23-25-0.317425259-17Nutrient enrichment

P+: Ca-Lactate extraction method; P*: Bray II extraction method, estimates for soil pits
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 è�é�ë��Pè ì �@�5íaè�ò � êNë � èEë�í æ é�í ì ê�ëYçG�rþC��ý��� � ê'î�íaê�ð��Ré�ë�òGçpÿ]�Eç ê ì ý9þ9ê ì ç�í{ÿ æ è
êAî�í��Pê;îEê æ è�ç�í/è�ò�ðEýpê�í\ç9��ñ éNë�ò=ó � ��è\îEê æ è_é�ë�òLé'î�í/è æ � � � ýpêNë�è?ò�é�þKé ��èK���_ê���è�þK��è æ���� �
������� � é�ëvò � ýpè�é æ îEèAýPý ì ë������aýUê�í^ó êNë?ý<�#êNë��5é�ë}ÿ]é æ � �"! �#�����$�g�jë�ê�íj��ÿ æ ëvè�ò � îEê æ í��Yè
ð]è æ�ì ê@ò % � í/ê���è æ �������$�F�Kñ�ð æ�ì ý<�&�'�����

P-TN-TMnFe-T AlSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNapHECLocation

TOPSOIL (-30 cm)
Pre-cyclone

0.020.530.030.020.026.30.0624.82.98.513.20.301.736.91.566.46.21105Forested A
0.020.760.020.020.025.60.015.54.215.713.90.240.915.30.527.26.2786Forested B

Post-cyclone
0.020.490.060.020.106.00.0118.85.66.141.60.182.408.52.1313.36.40162Forested A
0.020.410.020.020.085.30.026.03.310.233.60.230.999.70.7210.16.58138Forested B

Post-harvesting
0.030.560.020.020.056.10.0319.94.36.730.60.171.799.11.6712.06.06155Forested A
0.030.420.020.020.055.10.021.23.711.723.20.160.747.40.488.56.47110Logged B

SUBSOIL (-60 cm)
Pre-cyclone

0.020.290.020.020.027.80.018.44.622.59.10.210.525.30.849.66.3489Forested A
0.020.310.020.020.037.70.012.34.844.514.70.060.7810.40.239.56.70120Forested B

Post-cyclone
0.020.350.020.060.087.70.0210.44.816.519.50.200.568.50.3111.96.39119Forested A
0.020.340.020.020.107.70.025.84.338.026.50.280.6112.40.2211.07.02155Forested B

Post-harvesting
0.030.430.020.020.056.60.0211.42.812.319.50.220.296.60.4811.66.40112Forested A
0.030.320.020.020.057.40.023.33.537.621.90.250.5313.00.2410.26.75145Logged B
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õ½ö�÷høUâyùNú�ûeù ê äj
�ì ë ì þQÿ�þ ç�í æ è�é�þ�º;ên�míaêNíaé<ý2çh�rþQþ �lì ëyí��Yè�îEê æ èEç�íaè�ò»%aýUè�ê<ýpèa�%é � é�í � �"�
þ9è ë]ífîEê æ ð]è æ�ì êò�ç æ éNë�� ì ë��Cî æ ê�þ¼�lí/ê ��� ò�éN�gç��Gé�ë�ò � ê æ�æ è�ç�ð]ê�ëvò ì ë���íaêNíaé<ý2ç9ê%��ç è æ �gè�ò
é'î�í/è æ �Yé æ ��èEç�í ì ë���éNë�òZ��ÿ æ ë ì ë���ô _ é�í ì êgç ì ýPý#ÿ�ç�í æ éNíaèLí��]è æ è�ýpéNí ì ��è ì ë � æ è�égç èhé'î�í/è æ �Yé æ �
�gèEç�í ì ë��%ô

        Period Length [days]Treatment
2821141075321

           Cummulative streamflow totals [mm]
6.554.452.511.761.120.690.420.250.11Forested (A)
7.965.833.702.311.551.060.630.420.21Harvested/burned (B)
1.211.311.471.321.391.541.521.661.82Ratio B/A

½k¾�¿NÀUâ#Á¶Â"ÃÄÁRÅ]äk_ èKÆ æ èEç�ç ì êNë¥Ç�ê�ë]ç�í/é�ë�í�ç�éNë�òbç�í/é�í ì ç�í ì ÇEç�îEê æFÈ�æ è�ò ì Ç í ì�É èbè�Ê�Ë]é�í ì ê�ë]ç æ è�ÌUé�í ì ë$Æ
È è�é¶Í³º;ênÎsç ì ë�ítÏYèÐ%�Ìpè�ênÌUè�Æ�é»Ç�é�íÑÇ�ÏQÒKèEë�íbíaê æ é ì ëîEé'Ì�Ì�é�ëvòyéÓ��Ô'�Aò�énÕ#ñ7�FÖ�×�è�îEê æ è3éNë�ò
é'î�í/è æ Ï]é æ~É è�ç�í ì ë$Æhé�ëvò�×�Ë æ ë ì ëQÆ%ô

nCDSDcSDbSDaPeriod

420.880.503-4.0230.0020.0080.0040.058Pre-harvesting
250.750.764-4.0490.0050.0170.0130.085Post-harvesting

Ø�ÙuÚ�ÛÑÛ³Ü~ÝÓÞRß¶ÞRà�á$âKÛäã)ÞRà�á�å�ÞRÙ�Ù^àuá»æçà�ßRè�ã³Üdé�ê'ë ìnë Ìîí Ü�Ø�ã³Ü Í ÞRá$ÝÐØ"Ú¶âKÛ Í í Þ�ã³ïðÜ�âKÛ³à�á$ß1ã³Ü+ßRã³Ü�âÑâÑà�Ú¶áÙ�à�á$Ü�ârå�Ú�ã�ÞRá�Þ~ïðÜ+ã)Þ�ß¶ÜZñ&ò�ó O>ô Ú�å�õnê7ö#ö�Þ�ã³Ü^â í Ú~÷ráäå�Ú�ã&ø+Ú¶ö#ØQÞ�ã³à�âÑÚ¶áTë Ìîí Ü^Ý�è$ö#öZù#ï¶Þ�ã³àuÞRú$Ù�ÜÛ³Ü�ø í á�àuû'è�ÜZÞRáQÝ�æ Í Û³Ü�âKÛ³â�ü�ý	Ù�Ü�à�á'úQÞ�è$öþÞRáQÝ�ý	è�Ø$Ø"Ü+ã~ÿ é � ì�����÷îÜ+ã³Ü7è$âÑÜ~Ý`Û³ÚjÛ³Ü�âKÛ�÷ í Ü+Û í Ü+ã�Û í ÜâÑÙ�Ú¶Ø"Ü+âkÞ�áQÝZàuánÛ³Ü+ã³ø+Ü�Ø�Û³âçÚ�åQÛ í ÜkÛ�÷îÚ ã³Ü�ßRã³Ü+âÑâÑàuÚRá�Ù�à�á$Ü�â ÷îÜ�ã³ÜîâÑà�ß¶á$à��$ø~ÞRánÛ³Ù�ù�Ý�à��NÜ+ã³Ü�ánÛ~ë Î à��NÜ+ã³Ü+á$ø�Ü�âú"Ü+Û>÷îÜ�Ü+á�Û í Ü&à�ánÛ³Ü+ã³ø�Ü�Ø�Û³â	ü � �p÷�Ü+ã³Ü�á$Ú�ÛFâÑà�ß¶á�à	�$ø~ÞRánÛ~ë�
&Ú~÷�Ü�ïðÜ+ã~ÿ'Û í Ü�ø�Ú¶á�âKÛ)ÞRánÛ³â � ÞRá$Ý � ÚRåTÛ í Ü
Ø"ÚRâKÛ Í í Þ�ã³ïðÜ+âKÛ³àuá�ß1Ü~ûnèQÞ�Û³à�Ú¶á ÷�Ü+ã³Ü�âÑà�ß¶á$à��$ø~ÞRánÛ³Ù�ù í àuß í Ü+ãjÛ í ÞRá�Û í Ú¶âÑÜ�Ú�å	Û í Ü`Ø�ã³Ü Í í Þ�ã³ï¶Ü�âKÛ³à�á$ßÜ~ûnè$Þ�Û³à�Ú¶á�à�áQÝ�à�ø~Þ�Û³à�á$ß^Û í Þ�ÛîØ"Ü~Þ ��þ Ú~÷râ í Þ¶Ý#à�áQÝ�Ü+Ü~Ý�à�á�ø+ã³Ü~ÞRâÑÜ�ÝäÞ�åVÛ³Ü+ãFø�Ù�Ü~Þ�ãÑå�Ü�Ù�Ù�à�á$ß�ëFñ�ß¶ÞRà�áTÿ'Û í àuâ
�$áQÝ�à�á�ß�ø+ÚRãÑã³Ü�âÑØ"ÚRáQÝ�â�÷rà�Û í ã³Ü�Ø"Ú�ãÑÛ³â&åÄã³ÚRö Ú�Û í Ü+ã	Ü��Ø"Ü�ã³àuö#Ü+á'Û³â à�á�Û í Ü í è�ö#àuÝäÛÑã³Ú¶Ø$à�ø�â�÷ í Ü+ã³Ü
Ø�ã³Ü Í í Þ�ã³ï¶Ü�âKÛ³à�á$ß	âKÛ³ÚRã³ö þ Ú~÷�÷îÞRâîÝ�Ú¶ö#à�áQÞ�Û³Ü~Ý�únùGâÑè�ú$âÑè�ãÑå�ÞRø+Ü þ Ú�÷Cü��kã³è$à ��á���Ü�Ü+ÙtÿNé ������� æ�ã³à�Û³âÑø í ÿ
é ��������� Þ�Ùuö#Ü�ã~ÿ�é ����� �
¼�½c¾>=;¾�� ?A@-Æ�É�È��nÇ^@RÂJÁ/ÆNù
Ñ ÛÑã³Ü~ÞRö þ Ú�÷CûnèQÞ�Ùuà�Û>ù`à�â�Þ �NÜ�ø+Û³Ü~Ý�únùäø í Þ�á$ßRÜ�â�à�áwÞRö#ÚRè$ánÛ³â�Ú�åkÝ�à�âÑâÑÚ¶Ù�ïðÜ~Ý�âÑÚRÙuàuÝ�â	ÞRâ ÷îÜ�Ù�Ù�ÞRâ�ÚRå
Ø$Þ�ãÑÛ³à�ø�è$ÙuÞ�Û³ÜZöjÞ�ÛÑÛ³Ü+ãZü�âÑÜ~Ý�à�ö#Ü�ánÛ~ÿ�ÚRã³ß¶ÞRá$à�ø^öjÞ�ÛÑÛ³Ü�ã�rÞ�áQÝäø í Þ�á$ßRÜ�â�à�á`ú�à�Ú¶Ù�Ú¶ßRàuø�ÞRÙ�ÞRø�Û³àuï'à�Û�ù¥ü"!$# H #
ú$ÞRø+Û³Ü+ã³àuÞ'ÿ"ÞRÙ�ß¶ÞRÜ ��ë&% í Þ�á$ß¶Ü+â à�áäÛ í Ü�âÑÜ~Ý�àuö#Ü+á'ÛrÙ�Ú¶Þ¶Ý`Þ�áQÝäú�àuÚRÙ�Ú¶ß¶à�ø~Þ�Ù ÞRø�Û³àuï'à�Û�ùj÷�Ü+ã³Ü^á$ÚRÛ ûnè$ÞRá ÍÛ³à��QÜ�Ý�àuá�Ý�Ü+Û)ÞRà�Ù"Ý�è�ã³à�á$ß�Û í Ü�Ø�ã³Ü�âÑÜ�ánÛ�âKÛ³è$Ý�ùnë üÓí Þ�ÛkåÄÚ¶Ù�Ù�Ú�÷rârú"Ü�Ù�Ú~÷Ðà�âkÙVÞ�ã³ß¶Ü�Ù�ùjú$ÞRâÑÜ~Ý#Ú¶ájï'à�âÑèQÞ�Ù
ÚRú$âÑÜ+ã³ïRÞ�Û³à�Ú¶á�â�Þ�áQÝ�Ù�àuö#à�Û³Ü~Ý`ö#Ü�ÞRâÑè�ã³Ü+ö#Ü�ánÛ³â�Ú�åkÛ í ÜZâÑè�âÑØ"Ü�áQÝ�Ü~Ý`Ù�ÚðÞRÝ Ý�è�ã³à�á$ß#âÑÜ�ï¶Ü+ã)ÞRÙ âKÛ³Ú�ã³ö#â�ës Ú¶ß¶ßRà�á$ß�Þ�ø+Û³à�ï�à�Û>ùwàuáwÛ í Ü7ø~Þ�Û³ø í ö#Ü+á'Û~ÿSÞ�áQÝ�Û í ÜGÞRâÑâÑÚnø�àuÞ�Û³Ü�Ý1Ý�à�âKÛ³è�ã³ú$ÞRá�ø�ÜGÚ�å�Û í Ü7âÑÚ¶à�Ù�únù`Û í Ü
ø�ÚRá$âKÛÑã³è�ø+Û³à�Ú¶ájÚRåSã³ÚðÞRÝ�â�ÿ'ÛÑã)ÞRø � âîÞRá$Ý#ÙVÞ�áQÝ�àuá�ß¶â�ÿnã³Ü�âÑè�Ù�Û³Ü~Ý�à�á�Þ	ÙuÞ�ã³ß¶Ü�à�á$ø+ã³Ü~Þ�âÑÜ&à�á#Û í Ü âÑÜ~Ý�à�ö#Ü�ánÛ
Ù�ÚðÞRÝ Ý�è�ã³à�á$ß^âKÛ³Ú�ã³ö þ Ú~÷ÐÜ�ï¶Ü�ánÛ³â�ø�ÚRö#ØQÞ�ã³Ü�Ý#Û³Ú	Û í Þ�ÛFÚRú$âÑÜ+ã³ïðÜ�Ýjà�á#Û í Ü è$á$Ý�à�âKÛ³è�ã³ú"Ü�Ý�âÑà�Û³è$Þ�Û³à�Ú¶áSë' á�ÜFÙVÞ�áQÝ�àuá�ß#ü s ì&à�ájæçà�ß¶è�ã³Ü^é~ê'ë � � í ÞRÝGú"Ü�Ü�á#ø�è�ÛpàuánÛ³Ú^Þ�âÑÙ�Ú¶Ø"Ü ø�Ù�Ú¶âÑÜFÛ³Ú^Þ(��ã³âKÛ�Ú�ã)Ý�Ü+ãkâKÛÑã³Ü~ÞRö Íí Ü~Þ¶ÝNÿQ÷rà�Û í Û í Ü7ÙuÞ�áQÝ�à�á�ßj÷îÞRÙ�Ù�â�âKÛ³Ü�Ü�Ø�Ù�ù�âÑÙ�Ú¶Ø$à�á�ß�Û³Ú~÷FÞ�ã)Ý�â Û í ÜZâKÛÑã³Ü~ÞRö ø í ÞRá�á$Ü�Ù�ë Ìîí Ü7ÞRø�ø�Ü+âÑâ
ã³Ú¶Þ¶Ý�Û³Ú�Û í à�âjÙVÞ�áQÝ�àuá�ß ÷îÞRâ�âKÛ³Ü�Ü�ØTÿFÞRáQÝ á$Ú âÑÜ~Ý�à�ö#Ü�ánÛ�ÛÑã)Þ�Ø$â#÷îÜ+ã³Ü�ø+Ú¶á$âKÛÑã³è�ø+Û³Ü~Ý�ÞRÙ�Ú¶á�ß¥Û í Ü
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 è�é�ç~Ë æ è�ò#éNë�ò È�æ è�ò ì Ç í/è�ò È è�éRÍäº;ênÎsçCB2îEê æ é�ë�é É è æ éRÆ%èFñ7�FÖ �"D ê'î/E�ÔGF
îEê æ	É é æ�ì ênË�ç;ç�íaê æ Ò�ç ìIH èEç ì ë È�æ è��PéNë�ò È êgç�í��>ÏYé æ~É èEç�í ì ëQÆ È è æ�ì êò�ç ì ëLítÏYè %�Ìpè�ênÌpèKÆ�é Ç�é�íÑÇ�ÏQ�
ÒKèEë�íaô

âÑàuÝ�Ü�â�ë ' ïðÜ+ã³ÙuÞRá$Ý þ Ú~÷CåVã³Ú¶öþÛ í Ü7ÙuÞ�áQÝ�à�á�ß Þ�ø�ø�Ü�âÑâ�ã³Ú¶Þ¶ÝwÞRá$Ý`Û í Ü^ÙuÞRáQÝ�à�á$ßjã³Ü~ÞRø í Ü~Ý`Û í ÜZöjÞ�à�á
âKÛÑã³Ü~ÞRö ø í ÞRá�á$Ü�ÙS÷rà�Û í à�á�Þ�ïðÜ+ãÑù`â í ÚRãÑÛ Û³à�ö#Ü¶ÿQÛ í Ü�ã³Ü�únùäØ�ã³Ú'Ý�è$ø+àuá�ß�Þ�â í Þ�ã³ØSÿ"â í Ú�ãÑÛ³Ù�àuï¶Ü~Ý�Ø"Ü~Þ �à�á�Û í Ü í ù�Ý�ã³ÚRßRã)ÞRØ í ú"Ü+å�Ú�ã³ÜGÛ í Ü7Ø"Ü~Þ ��þ Ú~÷ Þ�â^Þjã³Ü+âÑè$Ù�Û	ÚRåkÛ í Ü7á$ÚRã³öjÞ�Ù ø~Þ�Û³ø í ö#Ü+á'Û ã³Ü�âÑØ"ÚRá$âÑÜÚnø�ø�è�ãÑã³Ü~ÝSë D è�Ù�Ùuà�Ü�âkå�ÚRã³ö#Ü�Ý�Ú¶á�Û í à�â�ÞRø�ø�Ü+âÑâ�ã³ÚðÞRÝG÷rà�Û í à�á Þ�åÄÜ+÷ ÷�Ü�Ü � â�ÿ�ÞRá$Ý�ÙVÞ�ã³ß¶Ü&ÞRö#Ú¶è�ánÛ³âpÚ�å
âÑÜ~Ý�à�ö#Ü�ánÛî÷�Ü+ã³Ü�÷FÞ�â í Ü~Ý àuánÛ³ÚZÛ í Ü�âKÛÑã³Ü~Þ�ö`ëkñ�âFâÑè$ø í Û í Ü�Ø"Ü~Þ � âÑÜ�Ý�à�ö#Ü�ánÛrÙ�ÚðÞ¶Ý�÷FÞRârÚRú$âÑÜ+ã³ïðÜ�Ý
Ý�è�ã³àuá�ß�Û í Ü7��ã³âKÛGã³è�á$Ú�� Ø"Ü~Þ � ÿpã)Þ�Û í Ü+ã�Û í Þ�á Ý�è�ã³à�á$ß�Û í ÜäöjÞRà�ádØ"Ü~Þ �lþ Ú~÷ ã³Ü�âÑè�Ù�Û³àuá�ß åVã³Ú¶öÛ í Ü`Ú�ïðÜ�ã)ÞRÙ�Ù�ø~Þ�Û³ø í ö#Ü�ánÛ�ã³Ü�âÑØ"Ú¶á�âÑÜ�Û³Ú1ã)ÞRà�á�å�ÞRÙ�Ù�ütñ�âÑâÑÜ+á�ú"Ü�ã³ß�ÿ	é ����� ��ë Ìîí à�â�âÑè$ß¶ßRÜ�âKÛ³Ü~Ý Û í Þ�Û
ö#Ú¶âKÛGÚRå Û í ÜäâÑÜ�Ý�à�ö#Ü�ánÛGà�ádÛ í Ü�âKÛÑã³Ü~ÞRö þ Ú~÷�öjÞ�ù í Þ~ïðÜ�ÚRã³à�ß¶à�á$Þ�Û³Ü~ÝdåÄã³Ú¶ö\Û í à�â�Ø$Þ�ãÑÛ³à�ø�è$ÙuÞ�ã³Ù�ùà�ÙuÙ Í ø�ÚRá$âKÛÑã³è$ø�Û³Ü~Ý�ÙVÞ�áQÝ�àuá�ß�ëdñ âÑâÑÜ�á'ú"Ü+ã³ßdüKé ����� �GÜ�$Þ�ö#à�á$Ü~Ý1âÑè�âÑØ"Ü�áQÝ�Ü~Ý�âÑÜ~Ý�à�ö#Ü�ánÛ7ø�Ú¶á�ø�Ü�ánÛÑã)Þ Í
Û³à�Ú¶á$â�àuá#÷îÞ�Û³Ü+ãrâ³Þ�ö#Ø$Ù�Ü�â�ø+Ú¶Ù�Ù�Ü�ø+Û³Ü~Ý Ý�è�ã³à�á�ßZâÑÜ+ïðÜ+ã)ÞRÙNâKÛ³Ú�ã³ö#â�à�á û ÞRá'èQÞ�ãÑùjÞRá$Ý æ$Ü+ú�ã³èQÞ�ãÑùnÿQé ��� éRÿ
â í Ú�ãÑÛ³Ù�ù�Þ�åÄÛ³Ü+ã�ÞZá�è�öGú"Ü+ã�ÚRå�ÙVÞ�áQÝ�àuá�ß¶â ÞRá$Ýjã³Ú¶Þ¶Ý�â í Þ¶Ýjú"Ü�Ü�á�ø�Ú¶á�âKÛÑã³è$ø+Û³Ü�ÝSÿ�à�á$ø�Ù�èQÝ�à�á$ß7Û í Ü�Ú¶á�ÜÝ�Ü�âÑø�ã³àuú"Ü�Ý�Þ�ú"Ú�ïðÜ¶ëJ
�Ü�ÚRú�Û)ÞRà�á�Ü~ÝjÞRájÜ+ã³Ú¶âÑà�ÚRá ã)Þ�Û³Ü ÚRå � Û³Ú¶á�á$Ü�â í Þ MTO ÿn÷ í à�ø í öjÞ�ù7âÑÜ�Ü�ö ö#Ú'Ý ÍÜ�âKÛ	à�á¥ø+Ú¶ö#ØQÞ�ã³à�âÑÚ¶á Û³Ú Ü+ã³Ú¶âÑà�ÚRá ã)Þ�Û³Ü+â^åÄÚ¶è�áQÝwÜ�Ù�âÑÜ+÷ í Ü+ã³ÜjÞ�åÄÛ³Ü+ã^Ù�ÚRß¶ß¶à�á�ß�ü"!$# H # Î ÚRè$ß¶ÙuÞ�â<!K(L�M ÿ
é �������N� ÞRÙ�ö#Ü+ã~ÿré ����� �Gú�è�Û7à�Û�â í ÚRè$ÙuÝ�ú"Ü#ã³Ü�ö#Ü�öGú"Ü�ã³Ü~Ý Û í Þ�Û�ö#ÚRâKÛGÚ�å�Û í Ü öjÞ�Û³Ü+ã³àuÞRÙîø~Þ�ö#ÜåÄã³ÚRö Þ Ù�à�ö#à�Û³Ü~Ý�á'è�öGú"Ü+ã�ÚRåFÙuÞ�áQÝ�à�á�ß¶â^ÞRá$Ýwã³Ú¶Þ¶Ý�â�ÿ�÷ í Ü�ã³Ü�Ú¶á Í âÑà�Û³Ü7Ü+ã³Ú¶âÑà�Ú¶á ã)Þ�Û³Ü�â	ö7è$âKÛ í Þ~ïðÜú"Ü�Ü�á í à�ß í Ü+ã~ë
ñ ÙVÞ�ã³ß¶Ü#Ø$Þ�ãÑÛ	Ú�å�Û í Ü7Ü+ã³Ú'Ý�Ü�Ý öjÞ�Û³Ü�ã³àVÞ�Ù ÷îÜ�ánÛ	à�ánÛ³Ú�Û³Ü+ö#Ø"ÚRã)Þ�ãÑùwâKÛ³Ú�ã)ÞRßRÜ¶ÿO�$ÙuÙ�à�á$ß Ø"ÚnÚ¶Ù�â^à�áÛ í Ü`ø�ã³Ü�Ü � ÞRáQÝ ø í ÞRá�ß¶à�á$ß1à�Û³âjú"Ü~Ý�Ý�à�á$ß�ë�æçÙuè�â í à�á$ß�Ú�å�Û í à�âjâKÛ³ÚRã³Ü�Ý öjÞ�Û³Ü+ã³àuÞ�Ù&Ý�è�ã³à�á$ß1ÙuÞ�ã³ß¶Ü

âKÛ³ÚRã³ö#â#öjÞ�ù�ÞP�NÜ�ø�Û�Û í Ü`÷FÞ�Û³Ü+ã û'è$ÞRÙ�à�Û�ù å�Ú�ã âÑÜ+ïðÜ+ã)ÞRÙ ùnÜ~Þ�ã³âjÛ³Ú¥ø�Ú¶ö#Ü�ü-Q ú # � ÞRÙ�ö#Ü+ã~ÿ	é ����� ��ëó�á ñ�Ø�ã³à�Ù�é ����� ß¶è�Ù�Ùuà�Ü�â#÷rà�Û í Ý�Ü�Ø�Û í â�è�ØdÛ³Ú õ � ø�ö í Þ¶Ý�å�ÚRã³ö#Ü�Ý ÚRá�âÑÚRö#ÜäÚRå�Û í Ü âKÛ³Ü�Ü�Ø"Ü+ãÛÑã)ÞRø � â�ÞRá$Ý1ã³ÚðÞ¶Ý�â�à�á�Û í Ü�ø~Þ�Û³ø í ö#Ü�ánÛ ü�Ø"Ü+ã³â�ë�ø�ÚRö#ö`ë Î ã~ë û ë R^ë 
7ëS
�Ü�è$ø í ÿkæçà �Kàrò�à�á$Ü s Û)ÝSë �
ÞRá$Ý�ú"Ü�ø�ÞRè$âÑÜGÜ+ã³Ú¶âÑà�Ú¶á¥âÑÜ�Ü�ö#Ü~Ý�Û³Ú ã³Ü�öjÞ�à�á1ÞRø�Û³àuï¶Ü�à�á�Û í Ü�âÑÜ�ß¶è�Ù�Ùuà�Ü�âZÞ�Û^ÙuÜ�ÞRâKÛ^å�Ú�ã7âÑÚRö#Ü7Û³à�ö#Ü¶ÿ
ÞGâÑÜ�ö#à Í Ø"Ü+ã³öjÞRá�Ü�ánÛFÝ�Ü�ø+ã³Ü~Þ�âÑÜZà�á âKÛ³ÚRã³ö þ Ú~÷»÷FÞ�Û³Ü+ã�ûnèQÞRÙ�à�Û�ù öjÞ�ùjú"Ü	ÜT��Ø"Ü�ø+Û³Ü~Ý ÞRâ Þ7ã³Ü�âÑè�Ù�Û�Ú�åÛ í Ü	Ù�Ú¶ßRß¶à�á$ß�Þ�ø+Û³à�ï�à�Û³à�Ü�â�ë Ìîí Ü	âÑÜ~Ý�à�ö#Ü�ánÛ Ù�ÚðÞ¶Ý`è�áQÝ�Ü+ã úQÞRâÑÜ þ Ú~÷Cø+Ú¶áQÝ�à�Û³àuÚRá$âr÷FÞ�â&á$Ú�Û�Ý�à��NÜ+ã³Ü�ánÛ
åÄã³ÚRö Û í Þ�Ûrú"Ü�å�ÚRã³Ü^ø�Ù�Ü~Þ�ãÑå�Ü�Ù�Ù�à�á$ßjâKÛ)Þ�ãÑÛ³Ü�Ý¥ütñ�âÑâÑÜ�á'ú"Ü+ã³ß�ÿTé ����� ��ë
ñ Ù�Ú�ÛrÚRåçÛ í Ü�âÑÜ�âÑÜ~Ý�àuö#Ü+á'Û)Þ�Û³à�Ú¶á�Ø�ã³Ú¶ú�Ù�Ü�ö#âîö#à�ß í Û í Þ�ï¶Ü�ú"Ü�Ü�á Þ~ïðÚ¶àuÝ�Ü�Ý únù�Þ7ö#Ú�ã³Ü�ø~Þ�ã³Ü�å�è$ÙâÑÜ�Ù�Ü�ø+Û³à�Ú¶á�Ú�årÙuÞRáQÝ�à�á$ß�Ù�Únø~Þ�Û³à�ÚRá$â�ÿkÞRâ^÷îÜ�Ù�Ù�ÞRâZÚRårÛ í Ü�à�ã7ÞRø+ø�Ü�âÑâ7ã³Ú¶Þ¶Ý�â�ë Ñ Ü�Ý�à�ö#Ü�ánÛ	ÛÑã)ÞRØ�â^÷�Ü+ã³Üø�Ú¶á�âKÛÑã³è$ø+Û³Ü�Ý7Þ�ÙuÚRá$ß�Û í Ü�öjÞRà�á^ã³ÚðÞRÝ�â�à�á û Þ�á�è$Þ�ãÑùVU^æ�Ü�ú�ã³è$Þ�ãÑùnÿ�é ��� é¶ÿð÷ í à�ø í àuö#Ø�ã³Ú�ïðÜ~Ý�Û í ÜîâÑà�Û Í

èQÞ�Û³àuÚRáTëO
&Ú~÷îÜ�ï¶Ü+ã~ÿ¶âÑÚRö#ÜîÚRå�Û í Ü�âÑÜkÛÑã)ÞRØ$âT÷îÜ+ã³ÜFâÑØ$ÞRø�Ü~Ý	Û³ÚnÚ&å�Þ�ãpÞRØ$Þ�ãÑÛ~ÿ¶ØQÞ�ãÑÛ³à�ø�è�ÙuÞ�ã³Ù�ùZÚ¶áZâKÛ³Ü�Ü�Ø"Ü+ã
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âÑÜ�ø�Û³àuÚRá$â�Û³Ú�Ø�ã³Ü�ï¶Ü�ánÛ�Ú�ïðÜ+ã³ÙuÞRá$Ý þ Ú~÷ Þ�ÛÑÛ)Þ�àuá�à�á$ß í à�ß í ïðÜ�Ù�Únø�à�Û³à�Ü�â�ë�ñ â�âÑè$ø í Û í Ü�âÑÜZÛÑã)ÞRØ�â&÷îÜ+ã³Ü
�$ÙuÙ�Ü~Ýw÷rà�Û í âÑÜ~Ý�à�ö#Ü�ánÛ^Þ�åÄÛ³Ü+ã7Ú¶á�Ü�ÚRã^Û>÷îÚ`öjÞ$�KÚ�ã7âKÛ³Ú�ã³ö#â�ÿçÞ�áQÝwÛ í Ü�à�ãZÜT�NÜ�ø+Û^ø+ÚRãÑã³Ü�âÑØ"ÚRáQÝ�à�á�ß¶Ù�ù
â í ÚRãÑÛ³Ù�à�ïðÜ~ÝSë

\ è�ÛÑã³à�Ü�ánÛçÙ�ÚRâÑâÑÜ�â�ÞRâÑâÑÚnø�àuÞ�Û³Ü~ÝZ÷rà�Û í Û í Ü�ã³Ü�ö#Ú�ï¶Þ�Ù¶ÚRå$ØQÞ�ãÑÛ³àuø+ÙuÜ+âçÚRå�âÑÚ¶à�Ù�ÞRá$Ý^Ú�ã³ßðÞ�á$à�øîöjÞ�ÛÑÛ³Ü�ã�à�á
Û í Ü�âKÛÑã³Ü~Þ�ö þ Ú~÷Ðø+Ú¶è$ÙuÝ#á$Ú�ÛFú"Ü Ü�ï¶Þ�Ù�èQÞ�Û³Ü�ÝjâÑà�á�ø�Ü�á�ÚGÞ�áQÞ�Ù�ù�âÑÜ�âk÷îÜ+ã³Ü�ø~Þ�ãÑã³à�Ü~ÝjÚ¶è�ÛîÚ¶á#Û í Ü�âÑÚRÙuàuÝ�â
à�á�âKÛÑã³Ü~Þ�ö þ Ú~÷Câ³Þ�ö#Ø$Ù�Ü�â�ëN
�Ú�÷�Ü�ïðÜ+ã~ÿ"Þjø+Ú¶ö#ØQÞ�ã³à�âÑÚ¶á�ú"Ü+Û>÷îÜ�Ü�á�â³Þ�ö#Ø$Ù�Ü�â ø�Ú¶ánÛ)Þ�àuá�à�á$ßjâÑÜ~Ý�à�ö#Ü�ánÛ÷ í àuø í ÷îÜ+ã³Ü]�QÙ�Û³Ü+ã³Ü~ÝjÝ�è�ã³à�á$ß^â³ÞRö#Ø�Ù�àuá�ß�ÿ�Þ�áQÝ�ø�Ú�ãÑã³Ü�âÑØ"Ú¶á$Ý�à�á$ßZâ³ÞRö#Ø�ÙuÜ+â�Û í Þ�Û�÷îÜ�ã³Ü�á�ÚRÛ;�$Ù�Û³Ü+ã³Ü~Ýè�á'Û³à�Ù Þ�åÄÛ³Ü+ãZÞ�ãÑã³à�ï¶Þ�Ù àuáwÛ í ÜZÙuÞRú"Ú�ã)Þ�Û³ÚRãÑùnÿTâ í Ú~÷�Ü~ÝwÛ í Þ�Û&ø�Ú¶á�ø�Ü�ánÛÑã)Þ�Û³à�Ú¶á�â	ÚRå�ò 'Z^ àuá�Û í Ü7ÙuÞ�ÛÑÛ³Ü�ã
÷�Ü+ã³Ü åÄÚ¶è�ã7Û³à�ö#Ü�â í àuß í Ü+ãGÛ í ÞRá1Û í Ú¶âÑÜ àuá�Û í Ü�åÄÚRã³ö#Ü+ãäü Ì ÞRú�ÙuÜ�é�ênëué$��ë Ìîí à�â�âÑè�ß¶ßRÜ�âKÛ³Ü~Ý�Û í Þ�ÛÞ�Û�Ù�Ü~ÞRâKÛ^âÑÚRö#Ü7Ú�åkÛ í Ü`_ Þ~ïRÞRà�ÙuÞRú$Ù�Ü�aTòÐà�áwâÑÚ¶à�Ù ÷FÞ�â&ã³Ü�ö#Ú�ïðÜ~ÝäåVã³Ú¶öþÛ í Ü7âÑà�Û³ÜGÞRú$âÑÚ�ã³ú"Ü~ÝwÚ¶áwø�ÙuÞ�ùö#à�á$Ü�ã)ÞRÙ�ârÚRã ÚRã³ß¶ÞRá$à�ø^öjÞ�ÛÑÛ³Ü�ãràuá âKÛÑã³Ü~ÞRö þ Ú~÷	ë
v à�âÑèQÞRÙ&Ú¶ú$âÑÜ�ã³ï¶Þ�Û³àuÚRáÐÚRå^Û í Ü�âKÛÑã³Ü~ÞRö þ Ú�÷ ã³Ü�ïðÜ�ÞRÙ�Ü~Ý�Û í Þ�Û�Û í Ü�á'è$ö7ú"Ü+ã#ÚRå7Þ�Ùuß¶ÞRÜ�à�á Û í Ü

âKÛÑã³Ü~Þ�öþà�á�ø+ã³Ü~ÞRâÑÜ�Ý�Þ�åÄÛ³Ü+ã�Û í Ü^ø~Þ�Û³ø í ö#Ü�ánÛF÷FÞRâ&Ý�Ü+åÄÚRã³Ü�âKÛ³Ü�ÝSë Ìîí à�â&öjÞ�ù í Þ~ïðÜ^ú"Ü�Ü�á�ø�ÞRè$âÑÜ�Ý`ú'ù
Þäø+Ú¶öGú�à�áQÞ�Û³à�ÚRá¥ÚRå í à�ß í Ü+ãZÙuà�ß í ÛZà�á$Ø�è�Û³â�Û³ÚäÛ í Ü�âKÛÑã³Ü~Þ�ö ÞRâZÞ ã³Ü�âÑè�Ù�ÛZÚ�åîÛ í ÜGã³Ü+ö#Ú�ïRÞRÙ�Ú�åîÛ í ÜåÄÚRã³Ü�âKÛ�ø~ÞRá�Ú¶ØnùnÿnÞ�áQÝGúnù í à�ß í Ü+ã�á'è�ÛÑã³àuÜ+á'Û³â�ø�ÚRá$ø�Ü+á'ÛÑã)Þ�Û³à�Ú¶á$â ü"!$# H # \ ' ý ��ë�æ�ã³Ü�â í Í ÷FÞ�Û³Ü�ã�Ø�ã)Þ~÷rá�â�ÿ
÷ í àuø í ÷îÜ+ã³Ü7Ø�ã³Ü�âÑÜ+á'Û&à�áwÛ í Ü7ø�ã³Ü�Ü � ú"Ü+åÄÚRã³Ü í Þ�ã³ïðÜ+âKÛ³àuá�ßjâKÛ)Þ�ãÑÛ³Ü~ÝNÿ í Þ¶ÝwÝ�à�â³Þ�Ø$Ø"Ü~Þ�ã³Ü~ÝwÞ�åÄÛ³Ü�ã�Û í Üø�Ù�Ü~Þ�ãÑå�Ü�Ù�Ù�à�á$ß�ÚRå Û í Ü�å�ÚRã³Ü+âKÛ~ë Ìîí Ü^Ý�Ü�ø+ã³Ü~Þ�âÑÜ7Ú�å Û í Ü	Ø�ã)Þ�÷rá`Ø"ÚRØ$è�ÙVÞ�Û³à�Ú¶á�öjÞ�ù�ú"Ü^Þ�ÛÑÛÑã³à�ú$è�Û³Ü~Ý Û³Ú
Û í ÜZà�á�ø+ã³Ü~ÞRâÑÜ�Ý�âÑÜ~Ý�à�ö#Ü�ánÛ&Ù�ÚðÞRÝwÞ�åÄÛ³Ü�ã í Þ�ã³ïðÜ�âKÛ³à�á$ß�ÿ"÷ í à�ø í Ý�Ü�âKÛÑã³Ú~ùnÜ~ÝäÛ í Ü+à�ã í Þ�ú$à�Û)Þ�Û&ú'ùb�QÙ�Ù�à�á$ß
Û í Ü�Ø"ÚnÚ¶Ù�â àuá Û í Ü�ø+ã³Ü+Ü � ëÌîí Ü&à�ö#ØQÞ�ø+ÛkÚRå í Þ�ã³ï¶Ü�âKÛ³à�á$ß^Ú¶á#Û í Ürø í Ü�ö#à�ø~Þ�ÙQø�ÚRö#Ø"Ú¶âÑà�Û³à�Ú¶á�ÚRåSâKÛÑã³Ü~ÞRöZ÷FÞ�Û³Ü+ãî÷FÞ�âîâKÛ³èQÝ�à�Ü~Ýà�áwö#ÚRã³ÜZÝ�Ü�Û)ÞRà�Ù�ëZ��Ü+ø~ÞRè�âÑÜ7Û í Ü7ûnèQÞ�Ùuà�Û>ù`ÚRåpÛ í ÜZÝ�àuâÑø í Þ�ã³ß¶ÜZã³Ü þ Ü�ø�Û³â�Û í Ü^à�ánÛ³Ü+ã)ÞRø�Û³àuÚRá$â�Ú�åpïðÜ�ß¶Ü Í
Û)Þ�Û³àuÚRáTÿ�âÑÚ¶à�Ù�ÿç÷FÞ�Û³Ü+ã7ÞRáQÝwá'è�ÛÑã³à�Ü�ánÛ³â#ü Ì è�ã³ïðÜ+ùnÿ�é � ì¶ê���ÿ ÞäÝ�à�âKÛ³è�ã³úQÞRá�ø�Ü�Ú�åîÛ í Ü�Ü+ø�Ú¶âKù�âKÛ³Ü�ö ÷rà�Ù�Ù
ú"Ü7Ü�ï'àVÝ�Ü�ánÛ	à�á Û í ÜGø í Ü�ö#à�ø~Þ�Ùpø+Ú¶ö#Ø"Ú¶âÑà�Û³à�Ú¶á ÚRåkÛ í Ü�âKÛÑã³Ü~Þ�ö þ Ú~÷�ü s à � Ü�á$âb!K(L�Mc#uÿ�é � ì¶ì���ë Ìîí Üø�ÚRö#Ø"Ú¶âÑà�Û³à�Ú¶á�ÚRåkúQÞ�âÑÜ þ Ú~÷ Ý�à	�NÜ�ã³Ü~Ý`åÄã³Ú¶ö Û í Þ�Û�ÚRåkâKÛ³ÚRã³ö þ Ú~÷ ÞRá$Ý`Û í Ü^ÜT�NÜ�ø+Û³â&ÚRå í Þ�ã³ï¶Ü�âKÛ³à�á$ßÚRá`Ü~ÞRø í Ú�å Û í Ü�âÑÜ	ø+Ú¶ö#Ø"Ú¶á�Ü�ánÛ³â�÷rà�Ù�ÙTÛ í Ü�ã³Ü+å�Ú�ã³ÜZú"Ü^Ý�à�âÑø�è$âÑâÑÜ~Ý âÑÜ�ØQÞ�ã)Þ�Û³Ü�Ù�ùnë
d7egfih3j�kAl�mZdbnOhpo]nOq�j�r�j�ntsuntvxw<l�q�f�y;niz
Ìîí Ü�Ý�Ü�ø+ã³Ü~Þ�âÑÜ&à�á#á'è�ÛÑã³à�Ü�ánÛpè$Ø�Û)Þ � ÜrÞ�åÄÛ³Ü+ã í Þ�ã³ï¶Ü�âKÛ³à�á$ßZÞRá$ÝGÛ í ÜîÛÑã)ÞRá�âKå�Ü+ãîÚRåSÙuÞ�ã³ß¶Ü�ûnèQÞ�á'Û³à�Û³à�Ü�âpÚRåá'è�ÛÑã³à�Ü�ánÛ³â�Û³Ú7Û í Ü&åÄÚRã³Ü�âKÛ þ ÚnÚ�ã~ÿ+��ã³âKÛrú'ù�ø+ù�ø�Ù�ÚRá$Ü Ñ àuá$Þ�ÞRá$Ý ÙuÞ�Û³Ü�ã�únù í Þ�ã³ïðÜ�âKÛ³à�á�ß�ÿ�÷ í à�ø í ÷îÜ+ã³Ü
âÑè�ú$âÑÜ~ûnè$Ü+á'Û³Ù�ù ã³Ü�Ù�Ü~ÞRâÑÜ~Ýwúnù�Ý�Ü�ø�Ú¶ö#Ø"ÚRâÑà�Û³àuÚRá�ÞRáQÝ�ú�è�ã³á$à�á�ß#ÚRåpÛ í ÜZâÑÙVÞ�â í ø~ÞRá�ú"Ü^ÜT��Ø"Ü�ø+Û³Ü~Ý`Û³Úí Þ�ï¶ÜFàuá þ è�Ü�á$ø�Ü�Ý7Û í ÜFá'è�ÛÑã³à�Ü�ánÛ�ø�ÚRá$ø�Ü+á'ÛÑã)Þ�Û³à�Ú¶á$âkà�á�âKÛÑã³Ü~ÞRö þ Ú~÷�åVã³Ú¶ö Û í ÜFø~Þ�Û³ø í ö#Ü�ánÛ~ë Î Ü�Û)ÞRà�Ù�â
ÚRá7Û í ÜkØ�ã³Ü Í Þ�áQÝ^Ø"Ú¶âKÛ Í ø+ù�ø�Ù�Ú¶á�ÜîúQÞ�âÑÜ þ Ú~÷ ø�Ú¶ö#Ø"ÚRâÑà�Û³àuÚRáGÚ�åQÛ í Ü�åÄÚRã³Ü�âKÛ³Ü�ÝGø~Þ�Û³ø í ö#Ü+á'Û í Þ~ïðÜkú"Ü�Ü�áßRàuï¶Ü�á`à�á Ñ Ü�ø�Û³àuÚRá1é � ë ìnë � ë Ìîí Ü�Û³Ü�ö#Ø"Ú�ã)ÞRÙTú"Ü í Þ~ï'à�Ú¶è�ã�ÚRå Û í Ü	ø�Ú¶á�ø�Ü�ánÛÑã)Þ�Û³à�ÚRá$â&Ú�å \ Þ'ÿQý�ÿ � ß�ÿ
%îÞ'ÿ�%�Ù�ÿ \ 
 ^ Í \Y{|\ ' ý Í \ ÿ � á1ÞRáQÝwÛ³ÚRÛ)Þ�Ùîò à�á1ú$ÞRâÑÜ þ Ú~÷	ÿ�ÞRá$Ý ØQÞ�ÛÑÛ³Ü+ã³á$â^Ú�åFã)ÞRà�á�å�ÞRÙ�ÙîÞ�áQÝâKÛÑã³Ü~Þ�ö þ Ú~÷�Ú�ï¶Ü+ã�Û í Ü Ü+á'Û³à�ã³ÜrâKÛ³èQÝ'ù�Ø"Ü+ã³à�Ú'ÝjÞ�ã³Ü à�Ù�Ùuè�âKÛÑã)Þ�Û³Ü~Ý#à�á�æçà�ß¶è�ã³Ü^é�ênë ��ÿ'÷ í Ü+ã³Ü�ÞRâîÞ~ïðÜ�ã)ÞRß¶Ü
ø�ÚRá$ø�Ü+á'ÛÑã)Þ�Û³à�Ú¶á$â Þ�áQÝ ø+ÚRãÑã³Ü�âÑØ"ÚRáQÝ�à�á�ß�úQÞ�âÑÜ þ Ú~÷CÝ�à�âÑø í Þ�ã³ßRÜ�âFå�ÚRã ïRÞ�ã³à�Ú¶è�ârØ"Ü+ã³à�Ú'Ý�â Þ�ã³Ü	ßRàuï¶Ü�áäà�áÌ Þ�ú$Ù�Ü é~ê'ë�é�õ�ë Ìîí ÜGø�ÚRá$ø�Ü+á'ÛÑã)Þ�Û³à�Ú¶á�ÚRåFñ Ù�ã³Ü�öjÞ�àuá�Ü~Ý�ú"Ü�Ù�Ú~÷ Û í Ü�Ý�Ü+Û³Ü�ø+Û³à�ÚRá�Ù�à�ö#à�Û^Ý�è�ã³à�á$ß#Û í Ü÷ í Ú¶Ù�Ü�âKÛ³èQÝ'ù�Ø"Ü+ã³à�Ú'Ý¥Þ�áQÝ�÷FÞ�â�Û í Ü+ã³Ü+åÄÚRã³Ü#á�ÚRÛ	à�á$ø+Ùuè$Ý�Ü~ÝNë Ìîí ÜGø+Ú¶á$ø+Ü�ánÛÑã)Þ�Û³à�Ú¶á�â	ÚRårò 'Z^ Þ�áQÝÛ³Ú�Û)ÞRÙ"ò¥à�á#âKÛÑã³Ü~Þ�ö þ Ú~÷Ðú"Ü�å�ÚRã³ÜrÛ í Ürú�è�ã³áG÷�Ü+ã³Ü&Þ�Ù�âÑÚ7Þ�ÛîÚ�ã�ú"Ü�Ù�Ú~÷ Û í Ü Ý�Ü+Û³Ü�ø�Û³àuÚRájÙuà�ö#à�Û³â�ÿð÷ í àuø í
ã³Ü�á$Ý�Ü+ã³âîÞ7ø�ÚRö#ØQÞ�ã³à�âÑÚRá Ú�å�Û í Ü�ö#Ü~ÞRá�â�å�Ú�ãFÛ í Ü Ø�ã³Ü Í ú�è�ã³ájØ"Ü+ã³à�Ú'Ý�âFè�á�ã³Ü�Ù�àuÞRú�ÙuÜ�ÞRáQÝ�Ý�à��NÜ+ã³Ü+á$ø�Ü�â÷�Ü+ã³Ü�Û í Ü+ã³Ü+åÄÚRã³Üäø+Ú¶á$âÑàuÝ�Ü+ã³Ü~Ýdá$ÚRÛ7âÑà�ß¶á�à	�$ø~ÞRánÛ~ë Î à��NÜ+ã³Ü�á$ø+Ü�â�ú"Ü+Û>÷îÜ�Ü�ádö#Ü~Þ�á�úQÞ�âÑÜ þ Ú~÷ Ù�Ü�ï¶Ü�Ù�â÷�Ü+ã³Üwá$ÚRÛ�âÑà�ß¶á�à��Qø~Þ�á'Û~ÿrÜ��ø+Ü�Ø�Ûjå�Ú�ã Û í Ü�Ø"Ú¶âKÛ Í ø+ù�ø�Ù�Ú¶á�Ü�Ø"Ü+ã³à�Ú'Ý ÷ í à�ø í â í Ú~÷îÜ�ÝÐâÑàußRá$à��Qø�ÞRánÛ³Ù�ùí àuß í Ü+ã7Þ�ö#Ú¶è$ánÛ³â	Ú�årúQÞRâÑÜ þ Ú~÷	ë Ìîí Ü+ã³Ü+å�Ú�ã³ÜäÝ�à��NÜ+ã³Ü�á$ø+Ü�â^ú"Ü+Û�÷�Ü�Ü�á1ö#Ü~Þ�á1à�Ú¶á1ø+Ú¶á$ø+Ü�ánÛÑã)Þ�Û³à�Ú¶á�âöjÞ�ùwú"Ü�Þ�ÛÑÛÑã³à�ú$è�Û³Ü�Ý�Û³Ú Û í Ü�ïRÞ�ã³à�Ú¶è�â�ÛÑã³Ü~Þ�Û³ö#Ü�ánÛ³â&ã)Þ�Û í Ü+ã	Û í ÞRá�Û³Ú`Ý�à��NÜ+ã³Ü+á$ø�Ü�â	à�á¥Ý�à�âÑø í Þ�ã³ßRÜ¶ëÌîí Ü à�ö#ØQÞ�ø+Û�Ú�å&ø�ù�ø+ÙuÚRá$Ü Ñ à�áQÞ�Ú¶á úQÞ�âÑÜ þ Ú~÷�ø+Ú¶ö#Ø"Ú¶âÑà�Û³à�Ú¶á í Þ�â�Þ�Ù�ã³Ü�Þ¶Ý�ùdú"Ü+Ü�á Ý�à�âÑø�è$âÑâÑÜ�Ý à�á
Ñ Ü�ø+Û³à�Ú¶á1é � ë �#ÞRá$Ý`à�Û âÑè E ø�Ü�ârÛ³Ú#â³Þ�ù í Ü+ã³Ü	Û í Þ�ÛrÛ í Ü	ø í ÞRá$ßRÜ�â àuáäá�è�ÛÑã³à�Ü�ánÛ�ø+Ú¶á$ø+Ü�ánÛÑã)Þ�Û³à�Ú¶á�â�à�á
Û í Ü}�$ã³âKÛ7ö#Ú¶ánÛ í Þ�åÄÛ³Ü+ãZÛ í Ü#Ü�ï¶Ü�ánÛZã³Ü þ Ü�ø+Û³Ü�Ý Û í Ü�Ý�Ü+Ø"Ú¶âÑà�Û³à�Ú¶á�ÚRårâÑÜ�ÞwâÑØ�ã)Þ�ù1Þ�áQÝ åVã³Ü�â í Ùuà�ÛÑÛ³Ü+ãÝ�è�ã³à�á$ßZÛ í Ü	ø+ù�ø�Ù�Ú¶á�Ü¶ë

Ñ à�ß¶á$à��$ø~ÞRánÛîø í Þ�á$ßRÜ�âîà�ájúQÞRâÑÜ þ Ú~÷p~g%�ÿ'Ø�
Zÿ'ÞRá$Ý�ø�Ú¶á�ø�Ü�ánÛÑã)Þ�Û³à�Ú¶á�âîÚRåSÛ í ÜröjÞ$�KÚ�ãFà�Ú¶á$âp÷îÜ+ã³Ü



)NØ�*VU+*HÜ-,DÔoÓ/.;Õ10��32�ÓG×	�sÖ54fÕ-Ü'Ú7680cÚXW_Ó^ÕsÖ�×:9;45Ö�ÓGÚZY\[<9-Ó>=fÜ Õ^] Å�ÅSÁ

19-Oct 27-Jan07-May15-Aug23-Nov03-Mar 11-Jun19-Sep28-Dec06-Apr
1989, 1990, 1991, 1992

0

2

4

6

8

10

12

14

C
on

ce
nt

ra
tio

n 
[m

g 
l-1

]

Forested Harvested Burned
50% 100%

Cyclone
Sina

Na

K Ca

Mg

Cl

0%

SO4

19-Oct 27-Jan07-May15-Aug23-Nov03-Mar 11-Jun19-Sep28-Dec06-Apr
1989, 1990, 1991, 1992

0

0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

C
on

ce
nt

ra
tio

n 
[m

g 
l-1

]

Forested Harvested Burned
50% 100%

Cyclone
Sina

N-NH4 + N-NO3

Mn

0%

P-Tot

19-Oct 27-Jan07-May15-Aug23-Nov03-Mar 11-Jun19-Sep28-Dec06-Apr
1989, 1990, 1991, 1992

0

0.5

1

1.5

2

2.5

3

St
re

am
flo

w
 [m

m
 d

ay
-1

]

300

250

200

150

100

50

0
R

ai
nf

al
l [

m
m

 d
ay

-1

�;���A���T�»Á¶ÂNÃ ¹��8�t���$������������� Î����tÏ�����Ò�������ÇG����ÇG� �t���T�������������"���7���b�b���N������Æ�� �îÌ��
¡;¢;£ �`�/¤��>¥ £§¦ �/¤�� ¢�¨ �7�©���©�nÌZª5�7���¬«�C����� ×T���P��®V�nÎ&�����¬«�ÇG���$�T�$� È ���O«����$Æ¯�©��¤
�©�nÌ&�$����G�nÒZ®Z�'Î8B��P�'Ì	��«dÌc���O�-F ���O« �������� �nÌ�Ì>B�Ï����$ÆA���$Æ ×G���G�°F È �����©�P�$����B³×G�����©�nÒ8±kÆ�Ë²��©F
×G��� ���� �(«nË²�$���QÆ��5���O«��-�G�©� � Ç�ÌI�G����� ��Ì�Ì	���QÆC���O« ×�Ë²�$�t���$Æ³�-�}�tÏ�� ¢ ÌI�G�nÌI�KÆ�� ÇG���ÑÇ�ÏQÒ�� �t�°´



Å�Å�? .&2¶µ>·¶¸&¹5ºX)�»�*¼¸&2>¹Y0Z=�¹[0Z=�¹>6Vµ8.&µx¸V.&2>,½¹]¾7¸¯¹N¿[·]¹5ºVÀ-, ¹]¾<¸

½k¾�¿NÀ��dÁ¶ÂNÃVÁ�Á �ÃÂ É �P���Æ��Ä«��Å��Ç+Ï����>Æ��BKÒäÒ9ÏiÆJÇGF��/��ÌI��Ç ���$��ÇG�nÌ	ÇT���O«'ËSÇ ��� É ����ÕuBÅÈ ¡ Ç�Ò7ÆJÇGF��
È ¥Y���O«}������ÇT����ÇG�P����������������¶BKÒ�Æ#Ì ÆJÇ F¶����×G���P��®Z�'Î§BTÉ;F&�G��nÒÊ�tÏ�� ¢ Ì��T�'ÌI�KÆ+��ÇT���KÇ�ÏQÒ��P���
��� É ���$���nËi�¶�$�°�RÆ+� �[«nË²�$���QÆ<��Ï��¶�$�>Ë�«'Õ ¡ �uÆA��� ±&ÇT����ÇG�GÌI� É ��Ì��<B�ËiÌ ��Í²��Î Ì�Ï Ð�Ì`�°� �$�cF7ÆA� É � �`� ���
«�� Ñ>�P��P��ÇG� �¥×G� ��Î]�G� �CÒÃ�G���Ò����� ÇT����ÇG�P��������������������Ò�tÏ��¥Ë²�¬«��Å�$��Ë²��×T�G« �$�°���°��B�Â(FÓ���O«
��Ï����P�<�-�G�©� � É ���$���'Ëi�`����G���>Ò�� �t���ÃB�ÔZ�x�;�;Õ/�;ÖgFA´

P-TN-TMnFe-T Si   PO4  NO3 SO4  HCOClNH4  CaMgKNapHECQPeriod

Pre-cyclone (A), 25 December 1989 - 26 November 1990
0.020.080.180.3513.70.020.167.4736.36.190.222.793.820.2410.56.73910.017Average
0.000.050.040.060.60.010.130.742.20.310.170.210.220.110.20.2240.006SD

212116162120202121212121212121212121n

Post-cyclone (B), 2 December 1991 - 7 January 1991
0.020.150.140.3513.80.020.155.9438.77.580.213.044.350.8911.26.72940.017Average
0.000.130.030.100.30.010.191.022.30.810.130.120.140.390.20.1240.005SD

111111111111111111111111111111111111n

0-50% harvested (C), 11 January 1991 - 2 May 1991
0.020.100.120.3214.20.020.276.2835.17.850.192.814.020.3611.17.10920.031Average
0.000.060.020.040.40.000.330.574.61.280.110.220.170.190.30.2450.008SD

282828282828272828282828282828282828n

50-100% harvested (D), 6 May 1991 - 15 August 1991
0.030.080.090.2213.60.020.185.7645.26.660.123.014.130.3410.87.13900.018Average
0.010.110.020.100.40.010.250.582.90.470.120.230.180.330.20.1030.004SD

292929292929292929292929292929292929n

Burned (E), 22 August 1991 - 4 April 1992
0.340.280.270.3113.00.060.324.4549.58.290.273.384.780.2411.47.02970.017Average
0.310.320.230.110.70.050.352.105.81.690.290.320.450.200.50.3440.007SD

313131313131313031313131313131313131n

Significance of differences between the means
ns<**>***nsnsnans>***<***<***ns<***<***<***<***ns<***nsA<>B
nsns>***>**<***nans>***ns<***nsns<***<**<***<***ns<***A<>C
nsns>***>***nsnans>***<***<***>**<***<***ns<***<***nsnsA<>D

<***<***<*>*>***<***<**>***<***<***ns<***<***ns<***<***<***nsA<>E

<***<***<***<***>***<***<**>***<***<***<***<***<***>*<***>*<***nsD<>E

ns: not significant; *: significance level 0.10; **: significance level 0.05; ***: significance level 0.01; na: not applicable

ÚRú$âÑÜ+ã³ïðÜ�Ýäâ í Ú�ãÑÛ³Ù�ù`Þ�åVÛ³Ü+ã&Û í Ü	ø+ù�ø�Ù�Ú¶á$Ü^Ü�ï¶Ü�ánÛ~ë�× í Ü+âÑÜ7Þ�ßðÞ�àuáwø�ÚRè$ÙuÝ`ú"Ü	Ù�à�á�ØðÜ~Ý�Û³Ú�Û í Ü	à�á$Ø�è�Û ÚRå
âÑÜ~Þ âÑØ�ã)Þ�ù�ú'ùwÛ í Ü�ø+ù�ø�Ù�Ú¶á�Ü�ü�ØQÞ�ãÑÛ³à�ø�è�ÙuÞ�ã³Ù�ù \ Þ�ÿJ%�ÙtÿJ%îÞ�ÿ � ß�ÿ ý>��ÿTÞRâ	÷îÜ+ÙuÙ�ÞRâ	Û³ÚäÛ í ÜGã³Ü�Ù�Ü~ÞRâÑÜÚ�å�á'è�ÛÑã³à�Ü�ánÛ³â7ü�öjÞRà�á$Ù�ù`ý>�rúnù�Ù�Ü~ÞRø í à�á$ß ÞRá$ÝwÝ�Ü�ø�ÚRö#Ø"Ú¶âÑà�Û³à�Ú¶á�ÚRåpÛ í Ü^åÄã³Ü�â í Ù�à�ÛÑÛ³Ü+ã~ëZñ åVÛ³Ü+ã&Û í àuâà�á$à�Û³àuÞRÙSÙQè�â í Ú�åFá'è�ÛÑã³à�Ü�ánÛ³â&Û í Ü}~;% Ý�Ü+ø+ã³Ü~ÞRâÑÜ�Ý ÷ í à�Ù�Ü í Þ�ã³ïðÜ�âKÛ³à�á$ß Ø�ã³Ú¶ß�ã³Ü�âÑâÑÜ~ÝNÿ�ÞRá$Ý�÷FÞ�â^á$ÚRÛ
âÑà�ß¶á�à��Qø~Þ�á'Û³Ù�ù Ý�à	�NÜ�ã³Ü�ánÛGåÄã³ÚRö±Û í Þ�Û�ÚRú$âÑÜ+ã³ïðÜ�Ý Ý�è�ã³à�á$ßwÛ í Ü�Ø�ã³ÜÚ>ø�ù�ø+ÙuÚRá$Ü�ø~ÞRÙ�à�ú�ã)Þ�Û³à�Ú¶á Ø"Ü�ã³àuÚ'ÝNÿÞ�Ù�Û í Ú¶è�ß í Û í Ü�ø~Þ�Û³ø í ö#Ü+á'Û í Þ¶ÝÓú"Ü�Ü�á»Ù�Ú¶ßRß¶Ü~Ý»ø�Ú¶ö#Ø�Ù�Ü+Û³Ü�Ù�ùÓÞ�ÛäÛ í Ü�Ü�á$ÝÐÚRå7Ø"Ü+ã³à�Ú'ÝuÛ9ü�×çÞ Úú�ÙuÜ�é~ê'ë�é�õ���ë�Ü'à�ß¶á$à��$ø~ÞRánÛ à�á$ø+ã³Ü~Þ�âÑÜ�â àuáäúQÞRâÑÜÙQÚ~÷§~g% ÷îÜ+ã³Ü^Þ�Ù�âÑÚ�ÚRú$âÑÜ+ã³ï¶Ü~Ý únù � ÞRÙ�ö#Ü+ãZüKé ����� �
Þ�åÄÛ³Ü+ã&ø�Ù�Ü~Þ�ã©Útå�Ü+ÙuÙ�à�á$ß ÚRå�ã)ÞRà�á�å�Ú�ã³Ü�âKÛ�ÚRá�Ý&ÙuÜ�ù�à�ø7òçÚ'Ý�âÑÚRÙuâ�ÞRáQÝ ' ãÑÛ í à�ø7ñ ø+ã³à�âÑÚ¶Ù�âGü�Þ ��ß ÞRá$Ý � � ß
Þ�ã³Ü~ÞRÙTø�Ú�ïðÜ+ã)ÞRßRÜ�ã³Ü�âÑØ"Ü�ø+Û³à�ïðÜ+Ù�ù��îà�á�ÞGØ$ÞRà�ã³Ü~Ý ø�Þ�Û³ø í ö#Ü�ánÛrâKÛ³èQÝ'ùjà�á�Ü�Þ�úQÞ í ÿ � Þ�ÙuÞ~ù�âÑàuÞ�ë

× í Ü7Ø+
 ÚRåpâKÛÑã³Ü~Þ�ö}ÙQÚ~÷CåVã³Ú¶ö Û í Ü ' Ù�Ü�Ú¶Ù�Ü�ß¶Þ ø~Þ�Û³ø í ö#Ü�ánÛ ÷îÞRâ�á$Ü~Þ�ã�á$Ü+è�ÛÑã)ÞRÙ�Ý�è�ã³àuá�ß í Þ�ã©Ú
ïðÜ+âKÛ³àuá�ß�ÿ'÷ í à�ø í ÷îÞRârâÑà�ß¶á$à��$ø~ÞRánÛ³Ù�ù í à�ß í Ü+ãFÛ í Þ�á Û í Þ�ÛFÚRå�Û í Ü&Ø�ã³ÜTÚ�ø+ù�ø�Ù�Ú¶á�Ü�úQÞ�âÑÜTÙQÚ~÷»åÄã³ÚRö Û í ÜåÄÚRã³Ü�âKÛ³Ü~Ý�ø~Þ�Û³ø í ö#Ü+á'Û~ë ñ�Ø"ÚRâÑâÑàuú�Ù�Ü�ÜT��Ø$ÙuÞRá$Þ�Û³à�Ú¶á�å�Ú�ãFÛ í à�âîà�á$ø+ã³Ü�ÞRâÑÜ	à�â�Û í Þ�ÛrÞZã³Ü�Ý�è$ø�Û³àuÚRá à�ájÛ í Üã³Ü�Ù�Ü~Þ�âÑÜ Ú�åN
VàÓà�Ú¶á$â7únù Ø�à�á$Ü#ã³ÚnÚRÛ³â^Û³Ú�úQÞ�ÙVÞ�á$ø�Ü�á'è�ÛÑã³à�Ü�ánÛ^è$Ø�Û)Þ�ØðÜ�åÄÚRã7ú$à�Ú¶öjÞ�âÑâ7Ø�ã³Ú'Ý�è�ø+Û³à�Ú¶á
öjÞ�ù í Þ~ïðÜ	Únø+ø�è�ãÑã³Ü~Ý ü � àuÙ�Ù�Ü+ã~ÿTé � ��õ���ë�Ü�à�á$ø�Ü�Û í Ü�âÑÜV
Zà�à�ÚRá$â�Þ�ã³Ü	à�ö#Ø"ÚRãÑÛ)Þ�á'Ûrà�áäÛ í Ü&÷îÜ�Þ�Û í Ü�ã©Ú
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à�á$ßGØ�ã³Únø�Ü�âÑâ�ÞRâF÷îÜ+ÙuÙkü�%�ÙuÞ~ù'Û³ÚRáTÿSé � ì � ��ÿ�Û í Ü	à�á$ø+ã³Ü�ÞRâÑÜ	à�á`âÑÚ¶à�ÙTØ�
Vë;ì©í»ü�Ü'Ü�ø+Û³à�Ú¶á�é�ê'ë õ���ÿ"ÞRâr÷îÜ+ÙuÙ
ÞRâZÛ í Þ�Û7ÚRårÛ í Ü�âKÛÑã³Ü�ÞRö}ÙQÚ~÷	ÿ�âÑè�ß¶ß¶Ü+âKÛ³Ü~Ý1Û í Þ�ÛZ÷îÜ�Þ�Û í Ü�ã³àuá�ß�ã)Þ�Û³Ü�â7ø�Ú¶è�ÙVÝ í Þ�ï¶Ü#âÑÙuÚ~÷�Ü~Ý�Ý�Ú~÷rá
Û³Ü�ö#Ø"ÚRã)Þ�ã³à�Ù�ù`ÞRâ	Þ�ã³Ü�âÑè�Ù�Û�ÚRå�Û í ÜZã³Ü�ö#Ú�ïRÞRÙTÚRåpÛ í Ü	ÛÑã³Ü�Ü�â�ë5
&Ú~÷îÜ+ïðÜ+ã~ÿNà�Û�ø�ÚRè$ÙuÝwÞRÙ�âÑÚ�ú"ÜGÞ�ã³ß¶è$Ü�ÝÛ í Þ�Û�Û í Üwàuá�ø+ã³Ü~Þ�âÑÜ~ÝÓÞRö#ÚRè$ánÛ³âjÚRå^÷FÞ�Û³Ü+ãäØ"Ü�ã³ø�Ú¶ÙuÞ�Û³à�á�ßdÛ í ã³Ú¶è�ß í Û í Ü�âÑÚRà�Ù	Þ�åVÛ³Ü+ã`ø�Ù�Ü~Þ�ãÑå�Ü�Ù�Ù�à�á$ß
ü�Ü�Ü�ø�Û³àuÚRá é~ê'ë Þ�ë�é �F÷îÚRè$ÙuÝ Û³Ü�á$Ý�Û³Ú�à�á$ø�ã³Ü~ÞRâÑÜ	Û í Ü�ã)Þ�Û³Ü	ÚRå�÷îÜ~Þ�Û í Ü+ã³à�á$ß�ë

× í Ürø�ÚRá$ø�Ü+á'ÛÑã)Þ�Û³à�Ú¶á$âpÚRå \ Þ�ÿ � ß�ÿ'ÞRá$Ý`%�Ù$Ø"Ü�Þ�ØðÜ~ÝGÞ�ÛpÛ í Ü í Ü+àuß í ÛkÚ�åNÛ í Üî÷îÜ�ÛkâÑÜ�ÞRâÑÚ¶áwü�îðÞ�á+ÚèQÞ�ãÑùxU^æ$Ü�ú�ã³è$Þ�ãÑùjé ��� é$��ÿð÷ í à�ø í öGè�âKÛ ú"ÜrÞ�ÛÑÛÑã³à�ú$è�Û³Ü~ÝZÛ³Ú�Ý�Ü�ÙuÞ�ùnÜ~ÝZÙuÜ�ÞRø í à�á$ß�Ú�åNâ³ÞRÙ�Û³âkÝ�Ü�Ø"ÚRâÑà�Û³Ü�Ý
únù ø�ù�ø+ÙuÚRá$Ü¶Ü�à�á$ÞGú"Ü�ø~Þ�è$âÑÜ^Ú¶á�Ù�ù`ÞGâÑöjÞRÙ�ÙTØQÞ�ãÑÛ�ÚRå Û í Ü^Þ�ã³Ü~Þ í Þ¶Ýäú"Ü+Ü�á�Ù�Ú¶ß¶ßRÜ~Ý`únù Û í Ü�áTë;× í à�â
÷FÞ�â åÄÚ¶Ù�Ù�Ú�÷�Ü~Ý�únùäÞ�ß�ã)Þ¶Ý�èQÞRÙ�Ý�Ü�ø�ã³Ü~ÞRâÑÜZÞRá$Ýäö#à�á$à�öGè�ö ø�ÚRá$ø�Ü+á'ÛÑã)Þ�Û³à�Ú¶á$âr÷îÜ�ã³Ü^ã³Ü�ÞRø í Ü~Ý�Þ�Û Û í ÜÜ�áQÝ ÚRå Û í Ü#÷îÜ+Û7âÑÜ~Þ�âÑÚ¶áTë¥ñ âÑÙ�à�ß í Û�à�á$ø�ã³Ü~ÞRâÑÜ�÷FÞRâGÞRß¶ÞRà�á�ÚRú$âÑÜ+ã³ï¶Ü~Ý�Ý�è�ã³àuá�ß`Û í Ü�Ý�ãÑù¥âÑÜ~ÞRâÑÚRá
÷ í à�ø í Ø�ã³Ü�âÑè�öjÞRú$Ù�ùwã³Ü�Ø�ã³Ü�âÑÜ�ánÛ³Ü~Ý¥Û í Üjá�ÚRã³öjÞRÙkâÑÜ~ÞRâÑÚRáQÞ�ÙFØQÞ�ÛÑÛ³Ü�ã³á1à�á1Û í Üjø�Ú¶á�ø�Ü�ánÛÑã)Þ�Û³à�ÚRá$âGÚ�åÛ í Ü�âÑÜZÜ�Ù�Ü�ö#Ü�ánÛ³â�ÿQ÷ í à�ø í Û³Ü�áQÝäÛ³Újà�á$ø�ã³Ü~ÞRâÑÜG÷rà�Û í Ý�Ü+ø+ã³Ü~ÞRâÑà�á�ß ú$ÞRâÑÜTÙ$Ú�÷�ÙuÜ+ïðÜ�Ù�â�ü�×çÞ�ú$Ù�Ü é~ê'ë�é�ê���ë

&Ú~÷îÜ+ïðÜ+ã~ÿpà�á�Þ�Ø$ÞRà�ã³Ü~Ý�ø~Þ�Û³ø í ö#Ü+á'Û7âKÛ³èQÝ'ù1à�á½Ü�Þ�úQÞ í ÿ � ÞRÙuÞ�ù�âÑàVÞ'ÿ � Þ�Ùuö#Ü�ã�üKé ����� �7ÞRÙ�âÑÚ ÚRú+Ú
âÑÜ+ã³ïðÜ~Ý Ü�Ù�Ü�ï¶Þ�Û³Ü~Ý1ø�ÚRá$ø�Ü�ánÛÑã)Þ�Û³àuÚRá$âZÚRå \ Þ�ÞRáQÝÄ%�Ùtÿpú�è�ÛZá$Ú�Û7Ú�å � ß�ÿ�à�á¥Û í ÜjØ"Ü+ã³à�Ú'Ý1ú"Ü+Û>÷îÜ�Ü+áí Þ�ã³ïðÜ�âKÛ³à�á$ß#Ú�åpã)Þ�à�áwåÄÚRã³Ü�âKÛ�ÞRá$Ý`ú$è�ã³á�à�á$ß#ÚRåpâÑÙuÞRâ í ÿ"÷ í à�ø í âÑè$ß¶ßRÜ�âKÛ³â�Û í Þ�Û&Þ#Ø"ÚRãÑÛ³à�Ú¶áwÚRå�Û í Ü�âÑÜà�Ú¶á$âZöjÞ�ù1Þ�Ù�âÑÚ í Þ~ïðÜjú"Ü�Ü�á1ã³Ü�Ù�Ü~Þ�âÑÜ~Ý1åÄã³Ú¶ö Û í Ü#âÑÙuÞ�â í Ý�è�ã³à�á$ß í Þ�ã³ïðÜ+âKÛ³àuá�ß�ë�%�ÚRá$ø�Ü�ánÛÑã)Þ�Û³àuÚRá$â
ÚRå;%îÞ#÷îÜ+ã³Ü í à�ß í Ü�âKÛ	â í ÚRãÑÛ³Ù�ù�Þ�åÄÛ³Ü+ã	ø�ù�ø+ÙuÚRá$Ü[Ü�à�áQÞjÞ�áQÝ`ã³Ü+Û³è�ã³á�Ü~ÝäÛ³ÚjØ�ã³ÜTÚ�ø+ù�ø�Ù�ÚRá$Ü^Ù�Ü�ïðÜ�Ù�â	Ý�è�ã©Úà�á$ßäÛ í ÜG÷îÜ+ÛZâÑÜ~Þ�âÑÚ¶á�Ú�å�é ��� é¶ÿpÞ�åÄÛ³Ü+ã^÷ í àuø í Û í Ü+ù�àuá�ø+ã³Ü~Þ�âÑÜ~Ý1ÞRß¶ÞRà�ádÝ�è�ã³à�á$ß Û í Ü#Ý�ãÑù�âÑÜ~Þ�âÑÚ¶áSÿØ"Ú¶âÑâÑà�ú$Ù�ùäÞRâ Þ7ã³Ü�âÑè�Ù�Û�Ú�å�Ù�Ü~ÞRø í à�á$ß7åÄã³Ú¶ö Ý�Ü�ø�Ú¶ö#Ø"ÚRâÑà�á$ßGÙ�à�ÛÑÛ³Ü+ã~ë

%�Ú¶á�ø�Ü�ánÛÑã)Þ�Û³à�ÚRá$â ÚRå�ý â í Ú~÷îÜ�Ý`Þ�Ø"Ü~Þ�Øjâ í ÚRãÑÛ³Ù�ù`Þ�åÄÛ³Ü+ã�ø+ù�ø�Ù�Ú¶á�Ü¶Ü�à�áQÞGú�è�ÛFÛ í Ü�á`Ý�Ü�ø+ã³Ü~Þ�âÑÜ~ÝÛ í ã³ÚRè$ß í Ú¶è�ÛîÛ í Ü í Þ�ã³ï¶Ü�âKÛ³à�á$ßGØ"Ü�ã³àuÚ'ÝNë�× í à�ârà�âFá$ÚRÛîâÑè�ã³Ø�ã³à�âÑà�á$ßGàuá�ï'à�Ü+÷»ÚRåçÛ í Ü&ÙuÞ�ã³ßRÜ^ÞRö#ÚRè$ánÛ³âÚRå�åÄÚ¶Ù�àuÞRßRÜ�Û í Þ�Û í ÞRÝ�ú"Ü�Ü+áÐÝ�Ü+Ø"Ú¶âÑà�Û³Ü~ÝÐÝ�è�ã³à�á$ß�Û í Ü`ø+ù�ø�Ù�ÚRá$Ü`Ü�ï¶Ü�ánÛ~ë»ñ�âjÙ�Ú¶ßRß¶à�á$ß�Ø�ã³Únø�Ü~Ý�Ü�Ý
âÑÙ�Ú�÷rÙ�ùnÿNÛ í Ü7ÞRö#ÚRè$ánÛ³â&Ú�åîý©ã³Ü�Ù�Ü~ÞRâÑÜ~ÝwåÄã³ÚRö âÑÙuÞRâ í Ý�è�ã³à�á�ß í Þ�ã³ïðÜ+âKÛ³àuá�ß�÷�Ü+ã³ÜGâÑè�ø í Û í Þ�Û�Û í Ü�âÑÜÚ¶á�Ù�ù�Ø�ã³Ú'Ý�è�ø�Ü~Ý#Þ	ã³Ü�ÙuÞ�Û³à�ïðÜ�Ù�ù#âÑöjÞ�Ù�Ù"àuá�ø+ã³Ü~Þ�âÑÜ&ÚRåSÛ í Ürø�ÚRá$ø�Ü+á'ÛÑã)Þ�Û³à�Ú¶á ÞRâîø�ÚRö#ØQÞ�ã³Ü~ÝGÛ³ÚZÛ í ÜrØ�ã³ÜTÚø+ù�ø�Ù�Ú¶á�Ü�âÑà�Û³èQÞ�Û³à�ÚRáTëbÜ'àuö#à�ÙuÞ�ã^à�á�ø+ã³Ü~ÞRâÑÜ+âZà�á úQÞRâÑÜÙQÚ~÷©ø�Ú¶á�ø�Ü�ánÛÑã)Þ�Û³à�Ú¶á�â^ÚRåîý Þ�åÄÛ³Ü+ã í Þ�ã³ïðÜ�âKÛ³à�á�ß
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÷rà�Û í à�á�Û�÷�Ú#ùnÜ~Þ�ã³â&Þ�åVÛ³Ü+ã&Û í ÜZÛÑã³Ü~Þ�Û³ö#Ü�ánÛ~ÿ"Þ�áQÝäÛ í à�â�öjÞ~ùäá$Ú�Û&ú"ÜZïðÜ+ãÑùäÝ�à��NÜ+ã³Ü�ánÛ�å�ÚRã�Û í ÚRâÑÜ7à�á
ú$ÞRâÑÜTÙ$Ú�÷»åVã³Ú¶ö�Û í Ü ' Ù�Ü�ÚRÙ�Ü�ßðÞ#ø~Þ�Û³ø í ö#Ü�ánÛ~ë
d7egfih3j�kAl�mZdbnOhpo]nOq�j�r�j�ntsuntv¶üSr�ntý�hpy&niz
ÜnÛ³ÚRã³ö}ÙQÚ~÷dà�âpÝ�ÜT�$á$Ü~Ý í Ü�ã³ÜFÞRâkÞ�ø�ÚRö#Ø"Ú¶âÑà�Û³ÜFÚRåQúQÞRâÑÜÙQÚ~÷	ÿnø í ÞRá�á$Ü�Ù'Ø�ã³Ü�ø�à�Ø$à�Û)Þ�Û³à�ÚRájÞRáQÝZï¶Þ�ã³à�Ú¶è$âø�ÚRánÛÑã³àuú�è�Û³à�Ú¶á�âäÚ�åZ÷îÞ�Û³Ü+ã åÄã³ÚRö Û í Ü í àuÙ�Ù�âÑÙ�Ú¶Ø"Ü�ü-Q�þ$#gù�Þ�ã)ÝSÿZé � ��õ���ë ñ�â âÑè$ø í ÿ à�Û³âäø í Ü�ö#à�ø~Þ�Ùø�ÚRö#Ø"Ú¶âÑà�Û³à�Ú¶ájø~Þ�á�ú"Ü ÜT��Ø"Ü�ø+Û³Ü�ÝGÛ³ÚZïRÞ�ãÑùGöGè�ø í ö#Ú�ã³Ü ÷rà�Û í Ý�à�âÑø í Þ�ã³ß¶ÜrÛ í ÞRá#Û í Þ�ÛkÚRåTúQÞRâÑÜÙQÚ~÷	ë
ñ âÑâÑÜ�á'ú"Ü+ã³ß�üKé ����� �rÚ¶ú�âÑÜ+ã³ïðÜ~Ý`ø í Þ�á$ß¶Ü+â�à�á�á'è�ÛÑã³à�Ü�ánÛ ø�Ú¶á�ø�Ü�ánÛÑã)Þ�Û³à�ÚRá$â àuá`ã³Ü+âÑØ"Ú¶á$âÑÜ^Û³Ú#ø í ÞRá�ß¶Ü�âà�áwâKÛ³ÚRã³ö}Ù$Ú�÷ ÷îÜ+ã³Ü7á$Ú�Û�Û í Ü7â³Þ�ö#ÜZåÄÚRã^Þ�ÙuÙ Ü+ÙuÜ+ö#Ü�ánÛ³â�ëZ× í Ü[~g%�ÿSÞRá$Ýwø+Ú¶á$ø+Ü�ánÛÑã)Þ�Û³à�Ú¶á�â�ÚRå \ Þ'ÿ
� ß�ÿt%îÞ�ÿ�
V% 'Zñ ÿtÜ'àçÞ�áQÝ � á�Ý�Ü�ø+ã³Ü�ÞRâÑÜ~Ý`÷rà�Û í àuá�ø+ã³Ü~Þ�âÑàuá�ß âKÛ³Ú�ã³ö}ÙQÚ~÷ Ý�è$Ü	Û³Ú�Ý�à�Ù�è�Û³à�Ú¶á�÷rà�Û í
Ù�Ü�âÑâ�ø+Ú¶á$ø+Ü�ánÛÑã)Þ�Û³Ü~Ý1÷FÞ�Û³Ü+ã³â�ë 
&Ú~÷�Ü�ïðÜ+ã~ÿpø�ÚRá$ø�Ü�ánÛÑã)Þ�Û³àuÚRá$â�Ú�å&ý�ÿ \ 'Zñ ÿ�Û³ÚRÛ)Þ�Ùrò©Þ�áQÝ¥Û³Ú�Û)ÞRÙ \
â í Ú�÷�Ü~Ý Û í Ü�Ú¶Ø�Ø"Ú¶âÑà�Û³Üjú"Ü í Þ~ï'à�Ú¶è�ãZÞ�áQÝ�àuá�ø+ã³Ü~Þ�âÑÜ~Ý¥÷rà�Û í Ý�à�âÑø í Þ�ã³ßRÜ¶ÿ Ø"ÚRâÑâÑàuú�Ù�ù1Þ�â7Þ�ã³Ü�âÑè$Ù�ÛZÚRåø�ÚRánÛÑã³àuú�è�Û³à�Ú¶á�â	ÚRåk÷FÞ�Û³Ü�ã^Ü�á�ã³à�ø í Ü~Ýw÷rà�Û í á'è�ÛÑã³à�Ü�ánÛ³â�Þ�åÄÛ³Ü+ãZØ"Ü+ã³ø�ÚRÙuÞ�Û³à�á$ßäÛ í ã³Ú¶è�ß í Û í Ü�ø~Þ�á$ÚRØ'ùnÿ
Ù�à�ÛÑÛ³Ü+ã ÙuÞ~ùðÜ+ã�ÞRáQÝjÛ³Ú¶Ø�âÑÚ¶à�Ù�ëgÿpÜ+ãÑù�Ù�à�ÛÑÛ³ÙuÜ	ïRÞ�ã³àuÞ�Û³àuÚRáä÷rà�Û í Ý�à�âÑø í Þ�ã³ß¶Ü�÷FÞ�â�ÚRú$âÑÜ+ã³ï¶Ü~Ý�åÄÚRã(%�Ù�ÿ�Ü 'Z^ ÿò 'Z^ Þ�áQÝ^æ$Ü¶ë¬Ü�à�ö#à�ÙuÞ�ã ø í Þ�á$ß¶Ü+â�à�á7à�ÚRáZø+Ú¶á$ø+Ü�ánÛÑã)Þ�Û³à�Ú¶á�â Ý�è�ã³àuá�ßrâKÛ³ÚRã³ö#â í Þ~ïðÜkú"Ü+Ü�á	ã³Ü�Ø"ÚRãÑÛ³Ü~Ý	à�á
ø~Þ�Û³ø í ö#Ü�ánÛpâKÛ³èQÝ�à�Ü�âkÜ�Ù�âÑÜ+÷ í Ü�ã³Ü&ú"ÚRÛ í ÷rà�Û í à�á�ÞRá$Ý�Ú¶è�Û³âÑàVÝ�Ü�Û í ÜrÛÑã³ÚRØ$à�ø�â�ü�
&Ü�ö`ÿQé � ì �A� Ý�ã³Ü�ß¶Ú�ãÑù
Þ�áQÝbù1ÞRÙ�Ù�à�á$ß�ÿTé � ì �A� ûTà	ØðÜ�á�â>!K�L�Mc#uÿSé � ì¶ì � �kã³è�à ��á���Ü+Ü�Ù�ÿ�é � � � Þ ��� Þ�Ùuö#Ü�ã~ÿTé ����� ��ë

% í ÞRá�ß¶Ü�â�à�á1Û í Ü�ø í Ü+ö#àuø�ÞRÙ�ø+Ú¶ö#Ø"Ú¶âÑà�Û³à�Ú¶ádÚ�å�âKÛ³Ú�ã³ö}ÙQÚ~÷ öjÞ�ù ú"ÜjÜT��Ø"Ü�ø+Û³Ü~Ý¥åÄÚ¶Ù�Ù�Ú�÷rà�á�ß1Þ
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ø+ù�ø�Ù�Ú¶á�Ü Ü+ïðÜ�ánÛ~ÿ í Þ�ã³ïðÜ�âKÛ³à�á�ß	ÚRåNÛ³à�öGú"Ü+ãkÞRá$ÝGâÑè$ú�âÑÜ~ûnè$Ü�ánÛpú$è�ã³á$à�á$ß&ÚRåSâÑÙuÞRâ í ÿ�Ý�è$ÜFÛ³Ú^ÞRâÑâÑÚnø+àVÞ�Û³Ü~Ý
ø í ÞRá�ß¶Ü�âîà�á#Û í Ü�ø�Ú¶ö#Ø"ÚRâÑà�Û³àuÚRá Ú�å�ú$ÞRâÑÜTÙ$Ú~÷ ü�âÑÜ�Ü&Ø�ã³Ü�ï'àuÚRè$âîâÑÜ+ø+Û³à�Ú¶á²�kÞRáQÝ#âÑÚRàuÙNö#ÚRàuâKÛ³è�ã³Ü�ÚRá�Û í Üí à�Ù�Ù�âÑÙuÚRØ"Ü	ü�×çÞRú�Ù�Ü�é�ê'ë�é � ��ÞRâ�Þ�ã³Ü�âÑè�Ù�Û�ÚRå"ø í Þ�á$ß¶Ü+âpà�á7ÙuÜ�ÞRø í à�á$ß	Þ�áQÝZè$Ø�Û)ÞPØðÜkã)Þ�Û³Ü�â�à�á7Û í Ü�âÑè�ãÑå�Þ�ø�ÜÙuÞ~ùðÜ+ã³â7ü � Þ�Ù�ö#Ü+ã~ÿ�é ����� ��ë]ÿ�Þ�ã³àVÞ�Û³à�Ú¶á$â à�á�âKÛ³ÚRã³ö}Ù$Ú�÷�÷rà�Û í Ý�à�âÑø í Þ�ã³ßRÜ^ø~ÞRá�ú"Ü^ÜT��Ø�ã³Ü+âÑâÑÜ~Ýä÷rà�Û í
âÑÚ¶Ù�è�Û³ÜFã)Þ�Û³àuá�ß^ø�è�ã³ïðÜ+â�ÿð÷ í à�ø í è$âÑèQÞ�Ù�Ù�ù7ã³Ü�ÙuÞ�Û³ÜrÛ í ÜráQÞ�Û³è�ã)Þ�Ù$Ù�Ú¶ß¶Þ�ã³à�Û í ö ÚRåSâKÛ³ÚRã³ö}Ù$Ú�÷ Ý�à�âÑø í Þ�ã³ß¶Üü�Ù�á����T��Û³Ú}~g%�ÿQØ�
 ÚRã à�Ú¶á`ø+Ú¶á$ø+Ü�ánÛÑã)Þ�Û³à�Ú¶á�âZü�� �
	��rÞRø�ø+ÚRã)Ý�à�á�ßGÛ³Ú��

� �
	²õ����Ù�á�� � {�� üKé~ê'ë õ��
÷ í Ü+ã³Ü��Þ�áQÝ � Þ�ã³Ü�ã³Ü�ß�ã³Ü�âÑâÑà�Ú¶á�ø�ÚnÜTø�ø�à�Ü�ánÛ³â7ü�Ý�ã³Ü�ßRÚRãÑùäÞRá$Ý7ù�Þ�ÙuÙ�à�á$ß�ÿ�é � ì � ��ë

Ü�Ü+ØQÞ�ã)Þ�Û³Ü	âÑÚ¶Ù�è�Û³Ü�ã)Þ�Û³à�á$ß�ø�è�ã³ïðÜ�âF÷îÜ�ã³Ü	ø~ÞRÙ�ø�è�ÙVÞ�Û³Ü~ÝäåÄã³ÚRö�âKÛ³ÚRã³ö}Ù$Ú�÷»â³Þ�ö#Ø$Ù�Ü�ârø�ÚRÙuÙ�Ü�ø�Û³Ü~Ý`à�áÛ í Ü Ø"Ü+ã³à�Ú'Ý�âFú"Ü+åÄÚRã³Ü í Þ�ã³ïðÜ+âKÛ³àuá�ß�ÿ�Ý�è�ã³à�á$ß í Þ�ã³ïðÜ�âKÛ³à�á$ß�ÿ$Þ�áQÝ�Þ�åVÛ³Ü+ãrú$è�ã³á$à�á$ß�ëJÛ	Þ�Û)Þ	å�Ú�ãFÛ í Ü]�$ã³âKÛâKÛ³ÚRã³ö}Ù$Ú�÷dÜ+ïðÜ�ánÛ�ÚRåQÛ í ÜFØ"Ú¶âKÛ©Ú�ú$è�ã³á7Ø"Ü�ã³àuÚ'ÝG÷�Ü+ã³ÜFÜT��ø�Ù�èQÝ�Ü~ÝZåVã³Ú¶ö�Û í Üîã³Ü�ßRã³Ü�âÑâÑà�ÚRá$âkÞRâ�Û í Üîø�ÚRá+Úø�Ü�ánÛÑã)Þ�Û³à�ÚRá$ârÚRå âÑÜ+ïðÜ+ã)ÞRÙTÜ�Ù�Ü�ö#Ü�ánÛ³â	ü"!$# ��#�ý�ÿ�Ü 'Z^ ÿ²Ü'à�ÿ²%�ÙI�FÝ�Ü�ï'àuÞ�Û³Ü�Ýäø�Ú¶á�âÑàuÝ�Ü+ã)Þ�ú$Ù�ù åVã³Ú¶ö Û í Ú¶âÑÜ
ÚRå�âÑè$ú�âÑÜ~ûnè$Ü�ánÛ7âKÛ³ÚRã³ö}ÙQÚ~÷�Ü+ïðÜ�ánÛ³âäütæçà�ß¶è�ã³Ü é~ê'ë � ��ë½× í Ü ã³Ü�ß�ã³Ü�âÑâÑà�Ú¶á ø+ÚnÜTø#ø�à�Ü�ánÛ³âjÞRá$Ý1Û í Ü�à�ãâKÛ)Þ�Û³à�âKÛ³à�ø�â�åÄÚRã�Û í Ü�ã³Ü�âÑØ"Ü�ø+Û³à�ïðÜZØ"Ü+ã³à�Ú'Ý�â&Þ�ã³ÜZß¶à�ïðÜ�á�à�á�×çÞ�ú$Ù�Üjé�ê'ë�é~ê'ë(× í ÜZâÑø~Þ�ÛÑÛ³Ü+ã�à�á�Û í ÜZÝ$Þ�Û)Þ

����������� ��� � ���! ¶�#"A�� �G�G�����%$T�����$�©�������<���O«ó�$�°�����Å�$���&$$���-�b� �'Ì�Ë²�©�<���������"'$�Ë²�)(�� �(� ���7�tÏ��
� ����$�$�©�G«*$G����$+Ï"ÒÃ�P���xB°�,+æE.-���×T���P��®V�nÎ�«+���©�����/$�Ì�Ë�«+�T«$F��pÏ����)(��$�$������"10��P�$����«CB°�/+32�465P�
×G���P��®V�nÎX«+���©���876$�Ì�Ë�«+�G«GF����¬«90����$��¤)×�Ë²�$�'0��P�$����«¯B°�/+®Ô;:��/«A���©�7� �����tÏ��¶±N�G�$�¶�G�©���~Ò
���O«j×G���P��®V�nÎu«A���°�<�87�$�Ì�Ë�«+�T«$FA´5Ö[����/È ¡ $�Ò7ÆJÇ��,<>=¶����ÒäÒ Ï�ÆSÇ`���¬«?$G���,$G� �t��������������
���dÒ1"�Ì�ÆJÇ+´

        Burned         Logged       ForestedSpecies
CDSEbSEaCDSEbSEaCDSEbSEa

0.835.9674.620.459-7.6380.589.5770.200.547-8.2760.355.2575.880.944-4.465EC
0.580.296.430.022-0.1980.230.286.530.016-0.1120.120.206.370.036-0.084pH
0.830.548.300.041-0.6810.551.017.840.058-0.8260.460.478.200.085-0.507Na
0.510.512.100.0390.2990.030.831.490.0470.1130.320.341.530.0610.269K
0.870.392.320.030-0.5700.570.592.280.034-0.5050.300.312.870.055-0.230Mg
0.800.471.090.037-0.5530.700.490.860.028-0.5470.310.291.890.052-0.220Ca
0.000.090.150.0070.0030.030.150.140.009-0.0200.000.150.220.0260.006NH4
0.621.4512.620.1121.0760.101.8910.080.1080.4510.000.546.030.097-0.030Cl
0.885.769.730.443-9.1610.646.9111.050.395-6.8280.097.0023.071.259-2.572HCO3
0.251.127.650.0860.3710.001.216.590.069-0.0530.030.816.530.145-0.169SO4
0.731.294.990.0991.2420.291.002.140.0570.4750.200.571.570.1020.327NO3
0.010.030.020.002-0.0010.010.020.030.0010.0020.010.030.040.0060.004PO4
0.930.726.890.056-1.5490.521.429.270.081-1.0990.201.1810.420.211-0.673Si
0.500.080.240.0060.0450.220.190.350.0110.0730.090.050.120.0080.017Al
0.040.110.220.009-0.0130.000.180.340.0100.0060.010.070.360.0130.006Fe
0.580.040.020.003-0.0020.460.040.010.002-0.0250.250.040.060.007-0.026Mn
0.010.240.260.019-0.0150.120.130.230.0070.0340.010.050.110.0100.007N-tot
0.110.250.340.0190.0490.200.020.040.0010.0060.010.000.020.0000.000P-tot

@BADC�EFAHGJILKLM�N6ADG�OJEQP?R�KTS)ADU�C�K�VDWYXZP�C[OJK\GJKTC�]^CBK8_�KTS8OJCa`[b&ced)c;f�]Q_�K8GJKTg�STKTC�]^g
]^VLghSTVLg�STKTgZO�GiADOJ]^Vjg�CkADO
C�]^l1]FEFAHGmf;]^C�S\X�ADGJILK?f;U�GJ]^g�I?OJX�KnGJ]^C�]^g�IoADg6fpWeAjE^E^]Fg�I*EF]^lqRrVjW�OJX�K1XZP�f;GJVLIDGiAjN�Xts Ý GJKTIjVjG�PrAjg�f
ù ADEFE^]^g�I;MYu)vLwjxzy\M.ADg6foN6AHG�OJEQP9R�KTS)ADU�C�K�VjW{VjOJX�K8G|WeAjS8OJVDGJCn`id)c � c�OJ]^l1KaC�]Fg�STKaOJX�KaS8P;STE^VLg�K Ü ]^g6A;M
N�K8GJSTKTgZOiADILKnVDW�ADGJK)A?STE^K)ADGJKTf.M,]^g�]^OJ]FADE�l1VL]^C[OJU;GJKmSTVjg6f�]QOJ]^VLg�CTM,C[OJVDGJl}C�]^~TK>Ajg�fp]^gZOJKTg�C�]QO#P�y\M�GJK Ú
C�U�EQOJ]^g�I!]^gnE^V)@�OJV!�zK8G�P�E^V)@�STVZK ø ST]^KTgZOJC�VDW.f�K8OJK\GJl1]Fg�ADOJ]^VLg�WeVDG�OJX�K�GJKTIjGJK8C�C�]FVjg�Ck` × AjR�EFK�u)���^uH�Zs
× U�GJ�LK8PZM�u)vzwj��s��9ADEFl1K\G)M�u)vjvLxLy\����C�KTE^KTS8OJ]^VLg1VDW�C�VLE^U;OJK�GiAHOJ]^g�I!STU;GJ�zKTC,W�VjG�C�KT�zK8GiADE�KTE^KTl1K8g�OJCY]^C
N�GJKTC�K8g�OJKTf>]^gh�,]^ILU�GJKquH��� v�� Û U�K�OJVaOJX�KkEFADGJILK�C�STADO�OJK8GBVDW/OJX�K!f�AHOiAqADg6f1OJX�KkEF]^l1]QOJK)f>g�U�lmR�K\G
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VDW6C[OJVjGJl Ù V)@�CJAjl1N�E^KTC,STVjEFE^KTS\OJK)fmf;U�GJ]^g�I�OJX�K{N�GJK Ú S8P;STE^Vjg�K�N�K\GJ]FV�f�f�]Q_�K8GJK8g�STKTCYR�K\O#@�K8KTg�GiADOJ]^g�I
STU;GJ�zKTCBWeVDG|OJX�KaGJK8C�N�KTS8OJ]^�zKaN�K8GJ]^V�f�C�@�K8GJK�g�VDOkC[OiAHOJ]^C[OJ]FSTAjE^EQP*C�]FIjg�]Q�6STAjgZO)M6@�]QOJXoOJX�K�K8�;STKTN;OJ]^VLg
VDW.OJX�K�N�VLC[O Ú R�U;GJg1STU�GJ�zK8C{W�VjG�OJVDOiAjE��'ADg6fn��� ñ @�X�]FSiX1@�K8GJK�C�]^ILg�]^��S)AjgZOJEQP1C[OJKTK8N�K8G�OJX�Ajg1STVDG Ú
GJKTC�N�Vjg6f;]Fg�I1N�GJK Ú R�U�GJg?STU�GJ�zK8CT���|ADGJ�zKTC[OJ]^g�I1VLg�EQPhX6Ajf
E^]^O�OJE^KaK8_�KTS\OkVjg9OJX�K|GiAHOJ]^g�I1STU;GJ�zKTCBWeVDG
���!�kADg6fmOJVDOiAjE��,MzOJX�K�S8VLg�S8KTgZO�GiADOJ]^VLg�C�VjW�@�X�]FSiX1GJKTl>Aj]^g�K)fmSTE^VLC�K�OJVaVjG�R�KTE^VH@�OJX�K�f�K8OJK8S8OJ]^VLg
E^]^l1]QOJCBAjgZP�@BATPZM�C�U�IjILKTC[OJ]^g�ImOJX6AHOB�'GJKTE^K)AjC�K)f>W�GJVjl�f�KTS8VLl1N�VLC�]^g�IqE^]QO�OJK8GB@BADC�GJK8OiAj]^g�K)f?]^g>OJX�K
C�Vj]FE����|V)@�KT�zK8G)M�S8VLg�S8KTgZO�GiADOJ]^VLg�CkVDW���� � Ajg6f
OJVDOiAjE/��]Fg�S8GJK)ADC�K)f9IjGJK)AHOJEQP*ADW�OJK8G|OJX�K�C�Vj]^E/@BADC
OJX�VjGJVLU�ILX�E^P>@�K8O�OJK)f9f;U�GJ]^g�I�OJX�K!@�K\OkC�KTAjC�VLghWeVLE^E^V)@�]^g�I>OJX�K!R�U�GJg�  þ c��,]^ILU�GJKnu)��� ¡zy\�

��EQOJX�VLU�ILX�g�VjOaC[OiAHOJ]FC[OJ]^S)ADE^E^P�C�]FIjg�]Q�6STAjgZO)M,OJX�KmC�VLE^U�OJK1GiADOJ]^g�I9STU�GJ�LKTC�WeVjGaOJX�K1VjOJX�K\GaSTVLg Ú
C[OJ]QOJU�K8g�OJCql>ATP�IL]^�zKhA*ILVZV�f�]Fl1N;GJKTC�C�]^VLg�VjW�OJX�K?S\X�Ajg�ILKTC�OJX6ADOmVZSTSTU;G�GJK)f�]^g'OJX�K?SiX�KTl1]^S)ADE
STVjl1N�VLC�]QOJ]^VLg�VDW�C[OJVDGJl Ù V)@¢ADW�OJK8G�S8P;STE^VLg�K Ü ]^g6A
ADg6f�X6ADGJ�LKTC[OJ]^g�I�� × X�KnN�ADO�OJK8GJgpVjW�OJX�Kn£�¤
f;U�GJ]^g�I!C[OJVDGJl Ù V)@�GJK Ù K8S8OJK)fqOJX�ADO¥VjW�OJX�KBl>AH¦#VjG�]^VLg�C�`��!¤B� ñ Mz�!A�M�¤�A�M;�
I�M Ü ]�yYVDW�@�X�]^SiXmOJX�K
STVjg�STK8g�O�GiAHOJ]^VLg�Ckf�K8S8GJK)AjC�KTf
@�]^OJX
]Fg�S8GJK)ADC�]Fg�I?f�]^C�S\X�ADGJIjKqf;U�K!OJV1f;]^EFU;OJ]^VLgoVjWYOJX�K�R6ADC�K Ù V)@§R�P
X�]FE^E^C�E^VLN�KkSTVLgZO�GJ]^R�U;OJ]FVjg�C�Ajg6f1SiX6ADg�g�K8E�N�GJK8ST]^N�]QOiADOJ]^VLg.��¤�X6Ajg�ILKTC�]FgnOJX�KkC�VjE^U�OJK�GiADOJ]^g�IjC�VjWt�!A�M
�
I;M�Ajg�f
��¤B� ñ AjCkAqGJKTC�U�EQO|VDW¥X6ADGJ�LKTC[OJ]^g�I>Ajg�f
C�U�R�C�K)¨ZU�KTgZO�R�U�GJg�]^g�Im@�K8GJKaSTVjl1N6AHGiAjR�E^K�OJV
OJX�VLC�KmC�X�V)@�g*W�VjG�¤�A?]^gp�,]^IjU�GJKhu)��� v;M.@�]QOJX*X�]^ILX�K8G�STVjg�STKTgZO�GiAHOJ]FVjg�C�AHO�E^V)@©f�]^C�SiX6ADGJIjKTC�ADg6f
E^V)@�K8G�STVjg�STK8g�O�GiAHOJ]^VLg�C�AHOaX�]^ILXrf�]^C�S\X�ADGJIjKTC�f�U�GJ]^g�I
X6AHGJ�zKTC[OJ]^g�I
Ajg�fpAHW�OJK8G�R�U;GJg�]^g�I?OJX6ADgp]^g
OJX�K�W�VjGJKTC[OJK)f�STVLg�f�]QOJ]^VLg.� × X�KmK8_�K8S8OJC!VjW�R�U;GJg�]^g�I>VLg*OJX�K�GiADOJ]^g�IhSTU�GJ�LKTCkW�VjG�OJX�K8C�KmC�VLE^U;OJKTCTM
ADg6f?AjE^C�VmVjg?OJX�ADO�W�VjGk�
gtMZ@�K8GJK!C�l>ADEFE^K8G�OJX6Ajg>OJX�VjC�K|VDW,X6AHGJ�zKTC[OJ]^g�IqAjg�f?S\P�S8EFVjg�K Ü ]^g6AaSTVLl Ú
R�]Fg�K)f.�>¤�VLg�S8KTgZO�GiADOJ]^VLg�CqVDW�OJX�KTC�K1S8VLg�C[OJ]QOJU�KTgZOJC!@�KTgZO�f�V)@�g'f;U�GJ]^g�IhX�]^ILX�f�]^C�S\X�ADGJIjKTC�ADW�OJK\G
X�ADGJ�zKTC[OJ]^g�I*Ajg6f'R�U�GJg�]^g�I�M,@�X�]FSiX�C�U�IjILKTC[OJCmOJX�ADO�OJX�K1GJKTE^K)ADC�K
VjW�OJX�KTC�K>KTE^KTl1KTgZOJC�W�GJVLlªOJX�K
E^]QO�OJK8GaEFATPZK8G�Ajg�f�OJVjN�C�VL]^E�f�U;GJ]Fg�I
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`«�,]^ILU;GJKnuH�Z� vLy\�
¤�Vjg�STK8g�O�GiAHOJ]^VLg�CmVjW�¬nMY��� ñ M{Ajg6f Ü � � SiX6ADg�IjK)f�E^]^O�OJE^K>@�]QOJX�C[OJVDGJlf;]^C�S\X�ADGJILKhf�U;GJ]^g�I

X�ADGJ�zKTC[OJ]^g�I�M.R�U;O!EFADGJIjK8GaS\X�Ajg�ILKTC!@�X�K8GJKmVjR�C�K8GJ�zKTfpAHW�OJK8GaR�U�GJg�]^g�I�M�N6AHG�OJ]^STU�EFADGJEQPpf�U;GJ]^g�I1OJX�K
��GJC[OaC[OJVjGJl®KT�zK8g�O�ADW�OJK\G�OJX�KnR�U;GJg�`«�,]^ILU;GJK9uH�Z� vLy\�h¤�VLg�STKTgZO�GiADOJ]^VLg�CqVDW Ü ]�M,Ajg6f*OJV9A
E^KTC�C�K\G
K8��OJKTgZO!OJX�VLC�KnVDW�¤�A;MY�
I�MY�
g�Ajg�f��!¤B� ñ Mt@�K8GJKnE^V)@�K8GaOJX�AjgrU�C�U6ADE«MtR�U;O!GJKTSTVH�zK\GJK)frADIzAj]^g
]^g>OJX�K|C�U�R�C�K)¨ZU�KTgZO�C[OJVDGJl1C!`«�,]^ILU�GJKquH��� vLy\� × X�K!K8��O�GJKTl1KTEQPmX�]^ILX?STVLg�STKTgZO�GiADOJ]^Vjg�CBVjW/¬nM Ü � �
ADg6fp¤�E¥OJX�ADO!@�K8GJKnVjR�C�K8GJ�zKTf�]^g*OJX�Kq��GJC[OaC[OJVjGJl Ù VH@¯ADW�OJK\G�OJX�KmR�U�GJg*]^g6f;]FSTADOJK)f*OJX6ADO|OJX�KTC�K
g�U�O�GJ]^KTgZOJCnX�ALf�R�KTKTg�l1VLR�]FE^]^~TK)f�RZP'OJX�K?��GJK9ADg6f'@�K8GJK
g�V)@3E^K)AjSiX�K)f�W�GJVjlOJX�KhX�]^E^EFC�E^VjN�KTC
`J  þ ct�q° û VLU�ILX�EF]^g%d\±|²L³FcFM{u)vj¡L´�s��9AjE^l1K8G)M{u)vLvjxzy\�hµ�U;GJg�]^g�IhX6ALf�g�V
AjN�N�ADGJKTgZO�K\_�KTS8OaVLg�OJX�K
STVjg�STK8g�O�GiAHOJ]^VLg�CmVjW�OJVjOiADEB�qMY�!� ñ M��
gtM���� � M�ADg6frOJVjOiADE��¯f�U;GJ]Fg�IoOJX�]^Cq��GJC[OmC[OJVDGJl9M�R�U�O
STVjg�STK8g�O�GiAHOJ]^VLg�C�VDW¥�|� � f;GJVLN�N�K)fhR�K8EFV)@¶OJX�K�f;K8OJKTS8OJ]^Vjg9E^]Fl1]QO)�
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R�U�GJg�]Fg�InVjW¥GiAD]Fg9W�VjGJKTC[O|]^g��9AjEFATP�C�]FA�Mt�9AjE^l1K8Gq`[u)vLvjxzy�VLR�C�K\GJ�zK)f
X�]FIjX�K8G�STVLg�STKTgZO�GiADOJ]^Vjg�C�VDWt�!� ñ M��|� � M;��� � MZ¬·ADg6f>�
g>]^g>C[OJVjGJl Ù V)@�Mz@�X�K8GJK)ADC�OJX�VjC�K|VjW Ü ]
ADg6f9��Kaf;KTS8GJK)ADC�K)f
STVjl1N6AHGJK)fhOJVmOJX�K!WeVjGJK8C[OJK)f9C�]QOJU6ADOJ]^Vjgt���|V)@�KT�LK8G)M6R�KTSTAjU�C�K�VDWYOJX�K�X�]FIjX�K8G
R�]FVjl>AjC�CB]^g��zVLE^�zKTf>]^g>OJX�]^CBC[OJU6f�PZMzOJX�K�GJKTC�U�EQOJCBl>ATP1g�VjOBR�K|f�]QGJKTS8OJEQP?STVLl1N�ADGiADR�E^Kk@�]QOJXhOJX�VLC�K
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u)��� vzy\M,@�X�]^S\Xp]FC�N;GJVLR�AjR�EQP*GJKTEFADOJKTf�OJV
A�STVjlmR�]Fg�ADOJ]^VLg�VDWaGJKTEFADOJ]^�zKTEQP�E^V)@»GiAD]Fg;W�ADEFE!W�VLE^E^V)@�]Fg�I�OJX�K*R�U�GJg�Ajg6f�OJX�KoGJKTEFADOJ]^�zKTEQP�X�]^ILX
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
,*: Before burning
,o: After burning
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: Before logging
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: Before logging
,*: Before burning
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Æ]���©� �ºÌ����HÂ�«����¬«æ�\7H0����$�ó�-���.Ã²���$���P����� ���G� �L$P�����©�T«¯Æ�����ÄÍ$DÌ;$HÂ����O� ¡ ���O���9Ä����)(�� �$�����6"
���¬«§ÇDÃ²�$�����6"¯È-�ZÂ��P�Ò�\7H0¬��$�G�P�G«¯���½��0�� �8$T�P���©�D"��Ó�-�C�«Ä���87)0����$���`�G��ZÅ �«Ä��7� ���� �$�°�G«
$G����$8Ä�ÅÃ�P��� É ´

P-TN-TMnFe-T AlSi   PO4  NO3  SO4  HCO3ClNH4 CaMgKNaQ

Exports from forested catchment (January 4 - November 26, 1990)
0.050.210.430.850.1533.70.040.8418.588.315.70.537.09.61.0826.1254A

Exports during harvesting (November 27, 1990 - August 15, 1991)
0.100.400.230.970.5933.10.063.4718.178.322.50.456.09.32.4126.6282B

Exports after burning (August 16, 1991 - April 4, 1992)
0.580.450.340.470.2517.60.082.8110.059.216.50.444.16.51.6917.0163C

Observed exports during and after harvesting and burning (B+C)
0.680.840.571.450.8350.70.146.2828.2137.539.00.8910.215.84.143.5445D

Predicted exports from the forested catchment for postburn rainfall total
0.060.250.531.040.1841.20.050.8922.6108.319.00.658.511.71.231.9309E

Gains in water yield and export of nutrients associated with cyclone effects, harvesting and burning
0.620.590.030.400.659.50.095.395.629.220.00.241.74.12.911.6136D-E
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�kU�O�GJ]^KTgZO�K\��N�VDG�OJC�]^g?R6AjC�K Ù V)@�W�GJVjl½OJX�K!�|E^KTVjEFK8IzAqSTADOJSiX�l1KTgZO{@�K8GJKkS)AjE^STU�E�AHOJK)f>R�PnSTVLlqR�]^g Ú
]^g�I>OJX�K�STVjg�STKTgZO�GiAHOJ]FVjg�f�ADOiA1@�]^OJX*OJX�K�STVDG�GJKTC�N�VLg�f�]^g�I Ù V)@¯�zVjEFU�l1KTCT� Ü OJVjGJl Ù V)@ßCJAjl1N�E^KTC
@�K8GJK!STVjEFE^KTS\OJK)f
f;U�GJ]^g�IaK)ADS\Xhl>AH¦#VjGBC[OJVDGJl�ADW�OJK8G�X6AHGJ�zKTC[OJ]^g�I�C[OiADG�OJK)f�M�Ajg6fnOJX�K|K8�;N�VjG�OJC�f�U�G Ú
]^g�ImC[OJVjGJl1CBSTVjU�EFfhOJX�K\GJK8WeVDGJK�R�K|S)AjE^STU�E�AHOJK)f9]^goAmC�]^l1]^EFADG�W�ADC�X�]^VLg.�

�|g�EQPmWeK\@�C[OJVjGJl Ù V)@�CJADl1N�E^KTC¥@�K8GJK�STVLE^E^KTS8OJKTf1W�GJVLlò�|S8OJVLR�K\GkuTvLv;ukVLgZ@�ADGif�CTMZAjg6fng�U;O�GJ] Ú
KTgZO{K8�;N�VjG�OJC¥]^g1C[OJVjGJl Ù V)@ºU�gZOJ]FE��kN;GJ]^E.uTvLvz¹|@�K8GJKBOJX�K8GJK8W�VjGJK�KTC[OJ]^l>ADOJKTfmU�C�]^g�I!OJX�KBN�VLC[O Ú R�U;GJg
C�VjEFU;OJKkGiAHOJ]Fg�IqS8U�GJ�zKTC�N�GJKTC�K8g�OJKTf>]^g × ADR�E^Kqu)���^uH�Z� × X�K�GJKTC�U�EQOJ]Fg�Iqg�U;O�GJ]FK8g�O�K8�;N�VjG�OJC{W�GJVLl¢OJX�K
S)AHOJS\X�l1KTgZO�f�U;GJ]^g�IqOJX�K!GJKTC�N�KTS8OJ]^�zK�N�K\GJ]FV�f;C�ADGJK�C�U�l1l>AHGJ]^~TK)fh]^g × AjR�EFKnu)���^u Þ �

× X�K�]^l1N6ADS8OYVDW�S8P;STE^Vjg�K Ü ]^g6A;MjX6AHGJ�zKTC[OJ]^g�IkAjg�f�C�U�R�C�KT¨�U�KTgZO/R�U�GJg�]Fg�IkVjgag;U;O�GJ]^KTgZO,K8�;N�VjG�OJC
@�AjCaC[OJU6f;]FKTfpRZP*STVLl1N�ADGJ]^g�I?OJX�K?ó ADS8OJU6ADE«°/K8�;N�VjG�OJC!@�]QOJXpOJX�VLC�KnOJX�ADO�@�VjU�EFfpX�A)�zKnVZSTSTU;G�GJK)f
]QW{OJX�KaS)ADOJSiX�l1K8g�OkX6Ajf9GJKTl>Aj]^g�KTf9U�g6f;K8G�WeVjGJK8C[O)� × X�K�EFADO�OJK8G!@�K8GJKmVjR�OiAD]Fg�K)foRZP9C�]^lmU�E�AHOJ]^VLg
U�C�]Fg�IkOJX�K�l1V�f�K8E�f�KT�zK8EFVjN�K)faR�P Ü S\X�KTE^E^K Ø KTg�C�`[u)vjvz¹Ly/OJVkN�GJK)f;]FS\OYC[O�GJK)Ajl Ù V)@�Ajl1VjU�gZOJC/WeVDGYOJX�K
W�VjGJKTC[OJK)f�S)AHOJS\X�l1KTgZOtAjC�C�VZST]FADOJKTfa@�]QOJXaN�VLC[O Ú R�U;GJg|GiAj]^g;W�AjE^EzOJVDOiAjE^C�`�C�KTK Ü K8S8OJ]^VLg1uH�Z� Þ y\�¥µ�KTSTAjU�C�K
OJX�]FC{l1V�f�K8E�STVjU�EFfng�VDO�ADSTSTU�GiAHOJKTEQP1N�GJKTf�]^S8O¥OJX�K�¨ZU�]^S Ø�Ù V)@�ADl1VLU�gZOJCYWeVDG�OJX�KBK8��O�GJKTl1K�GiAj]^g�WeAjE^E
KT�LKTgZOJCk]^g��9ADGJSiXtMYuTvLv�uLM�OJX�K�GiADOJ]^V?VjW¥OJX�KaVjR�C�K8GJ�zKTf�`«¡z¹nl1l?y�OJV>OJX�KaC�]FlqU�EFADOJKTfo¨�U�]^S Ø�Ù V)@
�zVjE^U�l1Ka`&¹jv�l1l?y,f�U;GJ]^g�I�OJX�K�S)ADEF]^R;GiADOJ]^VLghN�K8GJ]^V�f1@�AjC�U�C�K)fmOJVaSTVjG�GJK8S8O�OJX�K�C�]^lmU�EFADOJK)fnN�VjC[O Ú
S8P;STE^Vjg�K�¨ZU�]^S Ø�Ù VH@ôOJVjOiADEn`&¹ Þ l1l?y\M�GJK8C�U�EQOJ]^g�I�]^g%A�N�VLC[O Ú S8P;STE^VLg�Kr¨ZU�]^S Ø�Ù V)@3OJVjOiAjE|VjWmwL�
l1l9� × X�K�C�]FlqU�EFADOJKTf
R6ADC�K Ù V)@¶OJVjOiAjEtf�U;GJ]^g�ImOJX�K�S)AjE^]^R�GiAHOJ]FVjg*N�K8GJ]^V�f9AjIDGJKTK)f
@�K8EFE.@�]QOJX
OJX�K
VjR�C�K8GJ�zKTf1OJVDOiAjE.Ajg�f1g�V�STVjG�GJKTS\OJ]FVjg�C�@�K8GJK�AjN�N�E^]^K)f1OJV�OJX�KkC�]^lmU�EFADOJK)f1N�VLC[O Ú S8P;STE^Vjg�K|R�AjC�K Ù V)@
`&¹Dxjõ
l1l?y\� × X�KnIzAD]^gr]^g�@�ADOJK8G�P;]^KTEFf�W�VLE^E^V)@�]Fg�IoSTE^K)ADG�W�KTE^E^]Fg�I'`«´;� xhl1l�f�ATP�öO÷Jy!AjCaf�K\GJ]F�LK)f
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W�GJVjlSTVjl1N6ADGJ]^C�Vjg�VjWkVLR�C�K8GJ�zK)f%`�STE^K)AHGJK)fºSTVjg6f;]^OJ]^Vjg�CiymADg6f�C�]FlqU�EFADOJKTf%`eW�VjGJKTC[O>S8VLg6f;]QOJ]FVjg�Ciy
@BAHOJK8GmP;]^KTEFf�CTM{STVjl1N6ADGJKTfr@�KTE^E�@�]QOJX'OJX�K1GJK)f;U�S8OJ]^VLg�]^g�£ × WeVjE^EFV)@�]^g�IrX6ADGJ�LKTC[OJ]^g�I'`«´;� ¹T÷�´;� õ
l1l3f�ATP öO÷ y�f�]^C�STU�C�C�K)fo]^g Ü KTS8OJ]^Vjg�u)��� Þ M.Ajf�f;]Fg�I1STVLg;��f;KTg�STK�OJV1OJX�KaC�]^lmU�EFADOJK)f9C[O�GJK)ADl Ù V)@
OJVjOiADE«� × V>KTC[OJ]^l>ADOJK�g�U�O�GJ]^KTgZO�K8�;N�VjG�OJCkU�g6f;K8G�WeVDGJKTC[OJK)f*STVLg�f�]QOJ]^VLg�C�@�]QOJX�N�VjC[O Ú R�U�GJg9GiAD]^g�W�ADE^E
OJVjOiADEFCTM¥OJX�K1C�]FlqU�EFADOJKTf�R6AjC�K Ú Ajg�f�¨ZU�]^S Ø�Ù V)@½OJVDOiAjE^Cq@�K8GJK>lmU�EQOJ]^N�E^]^K)fr@�]QOJX�OJX�K1GJKTC�N�K8S8OJ]^�zK
N�GJK Ú S8P;STE^Vjg�K!R�AjC�K Ù VH@§ADg6f
C[OJVDGJl Ù V)@%STVLg�STKTgZO�GiADOJ]^Vjg�CT�
�|U;O�GJ]^KTgZO>K8�;N�VjG�OJCnW�GJVjløOJX�K9S)AHOJS\X�l1KTgZO>f�U;GJ]^g�I�ADg6fºADW�OJK\G
STE^K)AHG�WeKTE^E^]^g�I�Ajg�fºR�U�GJg�]^g�I

@�K8GJK
X�]^ILX�K8G1OJX6ADgºN;GJK)f�]^S8OJK)f'WeVDG1OJX�K
W�VjGJKTC[OJKTfºS)AHOJS\X�l1KTgZO)� × X�K9X�]^IjX�K8G>K8�;N�VDG�OJCnVjW��|A;M
¤�A;M/�
I�M��k�!�jM Ü �!�jM Ü ]�Mt�
gpAjg�fo��KqS8VLU�EFf*R�KmADC�S8GJ]^R�K)f*STVLl1N�EFK\OJKTEQP
OJV>OJX�K�X�]^ILX�K8G|@�ADOJK8G
P;]FK8E�foAHW�OJK8G!X6ADGJ�LKTC[OJ]^g�I��!£¥�;N�VDG�OJC|VjW{OJVjOiADEY�,M����!�LM���� ñ M�¬nM�Ajg6f�¤�E�M.VLgoOJX�KaVDOJX�K8G|X6Ajg�f.M
@�X�K8GJKalqU�SiXhX�]FIjX�K8G�OJX6ADg9K8�;N�KTS8OJKTfhW�GJVjlôOJX�K�]Fg�S8GJK)ADC�Kq]^g
@�ADOJK8G�P;]FK8E�foADE^VLg�K?`�C�KTKaR�VjO�OJVjl
GJV)@�]^g × ADR�E^Kqu)���^u Þ y\� × X�KTC�K!g�U�O�GJ]^KTgZOJC�AHGJK!]^gZOJ]Fl>AHOJKTEQP>STVLg�g�KTS\OJK)f>@�]QOJX?R�]^VLE^VjIL]^S)AjE/AjS8OJ]^��]QO#P
`e@�]QOJXpOJX�K1N�VjC�C�]^R�E^K>K8�;STKTN�OJ]^VjgrVjWk¤�E�M¥ADEQOJX�VLU�ILX�¬�X�Ajg�g6A
ADg6f ò EQGJ]^S\X�`[uTvL¡DõZyaADGJILU�K)fpOJX�ADO
OJX�]^C>KTE^KTl1KTgZO>STVjU�EFf�N�EFATP�ApC�]FIjg�]Q�6STAjgZOhGJVjE^K�]^g�W�VjGJKTC[Ohg�U�O�GJ]^KTgZO>U�N;OiA Ø KoRZP�l>Aj]^gZOiAj]^g�]^g�I
KTE^KTS8O�GJ]^S)ADE6g�KTU;O�GiAjE^]QO#P�y\M�ADg6fm@�K\GJK�GJK8EFKTAjC�K)f>]^g1E�AHGJILKk¨ZU6AjgZOJ]QOJ]^KTC¥W�GJVLl¢C�EFAjC�X?f�K8N�VLC�]QOJK)fnVLgnOJX�K
WeVDGJKTC[O Ù VZVjGkf;U�GJ]^g�InX�ADGJ�zK8C[OJ]Fg�I
`�N�ADG�OJ]^STU�EFAHGJE^Ph¬�y\M�Ajg6f>W�GJVjlÍOJX�K�ADC�X�KTC�WeVjEFE^V)@�]^g�I1OJX�K|R�U�GJg
`�N6AHG�OJ]FS8U�EFADGJEQPr�YM.�!� ñ y\�1�|V)@�KT�zK8G)M/K8�;N�VjG�OJCaVjWB��Mt�YMt¬nM/¤�A;M{�
I9Ajg6fr�
gr]^g�C[O�GJK)ADl Ù V)@
` × AjR�E^KmuH�Z�Fu Þ y�@�K\GJK!C�l>AjE^E�STVLl1N�ADGJK)f1OJVaOJX�K�ADl1VLU�gZOJC{GJKTE^K)AjC�K)f?W�GJVLl½OJX�K|C�EFADC�Xof�U;GJ]Fg�I�OJX�K
R�U;GJg�` × AjR�E^K�uH��� õzy\M�GiADg�IL]^g�IqW�GJVjl�´;� ¹ ß WeVDGk�
g?OJV Þ ß W�VjG��,M�]^g6f;]FSTADOJ]^g�I�OJX6ADO�OJX�K�C�VL]^E.@�AjC
S)AjN�AjR�EFKmVjW�GJK\OiAj]^g�]^g�Ihl1VLC[O�VDW�OJX�Kmg�U�O�GJ]^KTgZOJC|GJKTE^K)ADC�K)frf;U�GJ]^g�IhX6AHGJ�zKTC[OJ]^g�IhADOaE^K)ADC[O�f�U�GJ]^g�I
OJX�K|GiAHOJX�K8Gkf�G�P>N�K8GJ]^V�f9VjWYVjR�C�K8GJ�jADOJ]^VLg.�

× X�K�K\��N�VDG�O�VjW¥g�U�O�GJ]^KTgZOJCB]^g
C�U�C�N�KTg6f;K)fhC�KTf�]^l1KTgZO�Ajg�fhVjGJILAjg�]FSal>AHO�OJK8GB@BADC�g�VjOk¨ZU6ADg Ú
OJ]Q�6K)f�M;Ajg6fnOJX�Kk�jAjE^U�K8C�IL]^�zKTg?]^g × AjR�E^K�uH���^u Þ C�X�VjU�EFf1OJX�K8GJK8W�VjGJK!R�K�STVjg�C�]Ff�K8GJKTf
AjC�l1]Fg�]^lmU�l
KTC[OJ]^l>ADOJKTCT�¸ g�OJX�Kog�K8��O>S\X�AjN�OJK\G?OJX�Ko]^g�WeVDGJl>ADOJ]^VLg�N�GJKTC�KTgZOJK)fº]Fg�OJX�KoN;GJKT��]FVjU�C>SiX6AjN;OJK8GJC>VLg�OJX�K
�LAHGJ]^VLU�C{g�U�O�GJ]^KTgZO�IzAj]^g�C�Ajg�fnE^VLC�C�KTC�@�]^E^E6R�K�U�C�K)fmOJVaSTVjl1N�]^E^KkADg1VH�zK8GiAjE^E�g�U�O�GJ]^KTgZO{R�U�f�IjK8O�W�VjG
AqWeU�E^E.GJVDOiADOJ]^VLgoS8P;STE^K!VDW�ùBb�ú�û�üa J²jýib«þJ²Zd�²a]^g?OJX�K��|E^KTVLE^KTILAnS)ADOJSiX�l1K8g�O)�
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�|g�KnVDWBOJX�KnSiX�]^K8W�VjR;¦#KTS8OJ]^�zKTC�VjW�OJX�K1N�GJK8C�KTgZOqC[OJU�f;Po@�AjCaOJVoKT�LADE^U6ADOJKn@�X�K8OJX�K\GaN�]^g�K1N�E�ADg Ú
OiADOJ]^VLgpWeVjGJK8C[O�G�P�]^g��,] ¦[]�@�AjCqC�U�C[OiAj]^g�AjR�E^K>U�g�f�K8G�OJX�K1STU�G�GJK8g�O�l>ADg6AjIjKTl1KTgZOaN�GiADS8OJ]^STKTCTMBb&c�d)c
@�]QOJX�VLU;O1WeK8G�OJ]^E^]^~T]^g�I;� × X�KoN;GJKTC�K8GJ�jADOJ]^VLg�VjW�C�Vj]FE�WeK8G�OJ]^E^]QO#P�]FC>VDWaSTVLU;GJC�K*ArN�GJK8GJKT¨�U�]^C�]^OJK9W�VjG
C�U�C[OiAD]Fg�K)f Ú P;]^KTEFfqWeVDGJKTC[O�G�P1ADg6faOJX�]^C�]^l1N�EF]^KTCYOJX�ADO{g�U�O�GJ]^KTgZO¥]^g�N�U;OJCY]^gnGiAj]^g�WeAjE^E�Ajg�f�OJX�K�GJKTE^K)AjC�K
VjWtg�U�O�GJ]^KTgZOJC�RZPm@�K)ADOJX�K8GJ]^g�IqVjWtl1]Fg�K8GiAjE^C�]^g>OJX�K�GJVZVjOJ]^g�Iq~TVLg�K|C�X�VLU�EFf1l>ADOJSiX>VjGBK\��S8KTK)f1g�U Ú
O�GJ]^KTgZO�K8�;N�VDG�OJC�]^g>C[O�GJK)Ajl Ù V)@�Ajg�fnl1K8GJSiX6AjgZOiADR�E^KBOJ]FlqR�K8G{VH�zK8GBA|GJVDOiADOJ]^VLg?N�K8GJ]^V�f.� ¸ W�OJX�]^C�]^C
g�VDO�OJX�K�S)ADC�KLM�A�IDGiALf;U6AjE�f;KTN�E^K8OJ]^Vjg?VDW/C�Vj]^E�g;U;O�GJ]^KTgZO�GJKTC�K\GJ�zKTC�@�]^E^E�VZSTSTU�G�f�U;GJ]Fg�IaC�U�R�C�KT¨�U�KTgZO
GJVjOiAHOJ]FVjg�CTM�KT�zKTgZOJU6ADE^E^P?E^K)Ajf�]^g�ImOJVmg;U;O�GJ]^KTgZO�f�K8��ST]^KTg�ST]^KTC�ADg6fhN�VZVDG|IDGJV)@BOJXt�

× GJKTg�f�CY]^g�C�VL]^E�W�K8G�OJ]^EF]QO¼PmADC{A�GJKTC�U�E^O¥VDW6N�E�ADgZOiADOJ]^VLgmW�VjGJKTC[O�G�P�l>ATPaR�K�K8�LADEFU�ADOJK)f�RZPaC�VLE^��]Fg�I
OJX�K!l>ADC�CBR6ADE�ADg�STKaK)¨ZU�ADOJ]^VLg?WeVjG|AqW�U�E^E.GJVDOiADOJ]^VLgoN�K\GJ]FV�f
AjSTSTVDGif�]^g�InOJV �

3547698:4769;<4 õ%� 4 � 6 � 4>=769?A@B4DCE6	?A@ 4DF 69?A@B4 � `[u Þ �^uHy
@�X�K8GJKa� 4 M 8:4 ADg6f ;<4 ADGJK�OJX�K�ADl1VLU�g�OJCBVDW¥g�U�O�GJ]^KTgZOHG9C�U�N�N�E^]^K)f
RZPhADOJl1VjC�N�X�K\GJ]FSaf;KTN�VLC�] Ú
OJ]^VLgtM�l1]^g�K8GiAjE/@�K)ADOJX�K8GJ]^g�I;M.Ajg6foR�]FVZSiX�K8l1]FSTAjE/����AHOJ]^VLg*VjW�g�U�O�GJ]^KTgZOJCk]^goOJX�K�IzADC�KTVLU�C!N�X�AjC�KLM
GJKTC�N�KTS8OJ]^�zK8E^PZMt@�X�K8GJKTAjC � 4 � Ajg6f � 4>= GJKTN;GJKTC�KTgZOaK8�;N�VjG�OJCqAjCaC�VLE^U;OJKhADg6frN�ADG�OJ]^STU�E�AHOJK>l>ADO Ú
OJK8Gn]^g�C[O�GJK)ADl Ù V)@�M¥GJKTC�N�KTS8OJ]^�zKTEQPZM�Ajg�f ?A@ 4DC M ?A@ 4DF ADg6f ?A@ 4 � OJX�K?S\X�Ajg�IjKTCn]^g�Ajl1VjU�gZOJC
VjW�g�U�O�GJ]^KTgZOJC|C[OJVDGJK)f�]^g*OJX�K�R�]^VLl>ADC�CTM.EF]QO�OJK8GaEFATPZK8G!Ajg�f�C�Vj]FEYGJKTC�K\GJ�zKLM�GJKTC�N�KTS8OJ]^�zK8E^PZ� ;54 l>ATP
R�Kag�KTIjEFK8S8OJK)fo]QW�OJX�K�l>ADC�C|R�AjEFAjg�STKq]^C!C�VjE^�zK)f
WeVDG�g�Vjg Ú IzADC�KTVLU�C!g�U�O�GJ]^KTgZOJCTM6R�U�OklmU�C[O|R�Ka]^g Ú
STE^U6f;K)fpWeVDGm��MJIrADg6f'¤k�,�,]Q��AHOJ]^VLg�GiADOJK8CqWeVDGmILAjC�KTVjU�Cqg;U;O�GJ]^KTgZOJCa@�K8GJK>g�VDOnf;K8OJK8GJl1]^g�K)f�]^g
OJX�]^C{C[OJU6f;PmAjg�fqOJX�K�l>ADC�C�R�AjEFAjg�STKBWeVjG�OJX�KTC�K�KTE^KTl1K8g�OJCY@�]^E^E�]^g�X�K\GJKTgZOJE^PqR�K�]^g�STVjl1N�E^K8OJKL�¥��U�G Ú
OJX�K8GJl1VDGJKLM6K\��N�VDG�OJCkVDW{g;U;O�GJ]^KTgZOJC|ADC|N6AHG�OJ]^STU�EFADOJK�l>ADO�OJK\Gq`�C�KTf�]^l1KTgZO)M6VDGJIzAjg�]^Sml>ADO�OJK\G\y�@�K8GJK
g�VDOaf�K8OJK\GJl1]Fg�K)f*KT]QOJX�K8G)Mt@�X�]^S\X�@�]^EFE{X6A)�zKqE^K)ALfpOJV
AjgpU�g6f;K8GJKTC[OJ]^l>ADOJ]^VjgpVDW�OJX�KnK\��N�VDG�OJC�]^g
C[O�GJK)Ajl Ù V)@��

µ�ADC�K)fqVjg�OJX�K�XZP�f;GJVjEFVjIL]^S)ADE�ADg6faXZP�f�GJVZS\X�KTl1]^S)AjEzf�ADOiA�N�GJK8C�KTgZOJK)f�K)ADGJE^]^K8G¥]^gqS8VLlmR�]^g6ADOJ]^Vjg
@�]QOJX*OJX�Km]^g�W�VjGJl>AHOJ]FVjgpVjg*R�]^VLl>ADC�C�f�KT�LKTE^VLN�l1K8g�O|Ajg�foC�VL]^E¥g;U;O�GJ]^KTgZOkGJKTC�K\GJ�zKTCTMtAjgpADO�OJKTl1N;O
@�]^EFE/g�V)@ßR�K�l>Ajf�K!OJV>¨ZU6ADgZOJ]^W�PhOJX�K�@BADOJK\G!ADg6f9g�U�O�GJ]^KTgZO�R�U�f�IjK8OJC�W�VjG�OJX�Kq�|E^KTVLE^KTILA1S)ADOJSiX Ú
l1KTgZO�VH�zK\G�OJX�K�N�K8GJ]^V�fhVDWYA�WeU�E^E�GJVjOiAHOJ]^VLgr`[b«ced)c î Ajg�U6AHG�Pou)vLwL�a÷n�kN;GJ]FE,uTvLvL¹Ly\�KI;]^g�S8KkGJKTSTVDGif�C
VjW{N�GJK8ST]^N�]QOiADOJ]^VLg�ADg6f9C[O�GJK)ADl Ù V)@·AHOa�|E^KTVjEFK8IzA>VLg�EQP
C�N6Ajg�g�K)foA?¹jw1l1VjgZOJX9N�K8GJ]^V�f.M�C�K8�zK8GiAjE
AjC�C�U�l1N�OJ]^VLg�C�X6Ajf>OJV�R�K�l>ALf�K�OJVqAjN�N;GJV)��]^l>AHOJK�OJX�K|l1K)ADghADg�g�U6ADE6GiAj]^g�WeAjE^E.Ajg�f?C[O�GJK)ADl Ù V)@
OJVjOiADEFCT�LI;]^l1]^EFADGJEQPZM�XZP�f;GJVZSiX�KTl1]^S)ADE/]^g�W�VjGJl>ADOJ]^Vjg*@�AjC!Vjg�EQP*A)�jAj]^EFAjR�E^K�WeVjG|OJX�KaC[OJU6f�P9N�K8GJ]^V�f.M
Ajg�f1OJX�K|E^VLg�I Ú OJK8GJlÍg�U;O�GJ]FK8g�O Ù U;��K8C�]^g?GiAD]^g�W�ADE^E/ADg6f>C[O�GJK)Ajl Ù VH@�X6ALf1OJV�R�K|KTC[OJ]^l>ADOJKTf>W�GJVLl

ôNM �
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OJX�KTC�Kmf�ADOiA>]^g�S8VLlmR�]^g6ADOJ]^Vjg*@�]QOJXoOJX�Kqf�K\GJ]F�LK)f9E^VLg�I Ú OJK8GJl»STE^]^l>ADOJ]^SqAjg�f*XZP�f;GJVjE^VLIL]^S)ADE¥KTC[OJ] Ú
l>AHOJKTCT� × X�K�ADN�N;GJVH�;]^l>ADOJ]^Vjg�CB@�K8GJK!W�U�G�OJX�K8G�STVLl1N�E^]FSTADOJK)f?R�P>U�g�STK\G�OiAj]^gZOJ]FK8C�]^g?OJX�K!g�U�O�GJ]^KTgZO
]^g�N�U�OJC|Ajg6foVjU�OJN�U;OJC�f�U;GJ]^g�I?Ajg�foW�VLE^E^V)@�]Fg�I9OJX�K�N6ADC�CJAjILKmVjW�S\P�S8EFVjg�KTC!f�U�GJ]^g�I?OJX�K�GJVDOiADOJ]^VLg
N�K8GJ]^V�f>`�C�]Q�al>AH¦#VjGYS8P;STE^Vjg�KTC,R�K\O#@�K8KTg î Ajg�U6AHG�P1u)vLwL�kADg6f��kN;GJ]FE�u)vLvL¹Ly\MzAjg6f�RZP�U�g�STK8G�OiAD]^g�OJ]^KTC
]^grR�VDOJX�OJX�Kn]^g Ú Ajg�f�VjU�OJN�U�OJC�VjW�STK8G�OiAD]Fgrg;U;O�GJ]^KTgZOJC|@�X�VjC�K1STVLg�STKTgZO�GiADOJ]^VLg�Ca]Fg�@BAHOJK8G�@�K8GJK
VDW�OJKTgpR�KTE^VH@¯OJX�Kmf;K8OJKTS8OJ]^VjgrE^]^l1]^OJCm`id)c � ct��y\� × X�Kq�LAHGJ]FVjU�CaADC�C�U�l1N�OJ]^Vjg�C�ADg6foOJX�KaGJKTC�U�EQOJ]^g�I
KTC[OJ]^l>AHOJKTCB@�]FE^EtR�K�f�]^C�STU�C�C�K)f9R�KTE^V)@��

Î c*ÐDÎ ÒÔÓpÕ�Ö�×HØ�Ù9Õed¥Ù'Ü'ÓpÕ�Þ×jÙ,fôÖBØaéa×jÜ'×TÕ�âmÕB×HÝ
Ù
g X�KkADg�g�U6ADE;GiAD]^g�W�ADE^E�]Fg�N�U;OJC{]^gZOJV|OJX�K�STADOJSiX�l1KTgZOY@�K\GJKkADC�C�U�l1K)fqC�]Fl1]^EFADG{OJV!OJX�VjC�K�l1K)AjC�U;GJK)f
AHO1�!Ajf�]B��]^GJN�VDG�OmW�GJVLl uTvzwL�*U�gZOJ]^E|u)vLwjvpAjg6f�AHO1�!ADR�VLUhI�OiAHOJ]FVjg�W�GJVLl u)vL¡j´pU�g�OJ]^E|uTvLvj´;�i Aj]^g�WeAjE^Etf�ADOiAqSTVLE^E^KTS8OJK)f?WeVjG�OJX�K��|E^KTVLE^KTILAnS)ADOJSiX�l1K8g�O�]^OJC�K8E^W/@�K8GJK�U�C�K)f?W�VjGau)vjvL´;Mtu)vjv;uaADg6f
N�ADG�O!VDW�u)vLvL¹��!�kC�C�U�l1]^g�InOJX6ADO!Ajg�g;U�AjEkj6U�S\OJU6ADOJ]^Vjg�C|]^goOJX�KaSiX�KTl1]^S)ADE,STVjl1N�VLC�]QOJ]^VLg*VjW{GiAj]^g
���;���ml©� �.� �on�p�qrq ÃksZÂutvsxw qzy s�Â�ÂpÈ[Å
Å É s q<{|{~} tDw�� }�{ sx�#Å��x����Ä } tDw�� q Ã���tDw }�q ��w q �/Ã����
È&Ë��9ÄBsx��� É �����«Ä }�� Â } ��Â } �os:��sx���8Ä�Å }�q �a�x� } tu�«Ä }X� t��D�Ht>�N��sN��w�� q � } tDw�� { È��~�B���x���~�~��� É �
w q �DÂ^Ã { w q �
ÄksxtD� } �D��w q ��s q5{ ÇDÃ�t q w q �'È]�N�o�o���a�N�o�N  ÉN¡

MnP-TN-TSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaPYear

0.70.413.11.90.53.71820255.82.01.43.11320691975
0.50.322.41.50.42.91416204.51.61.12.41016011976
0.60.362.71.70.53.21617225.11.81.32.71118021977
0.40.241.81.10.32.11011143.31.20.81.7711781978
0.60.362.71.70.53.21617225.01.71.22.61117871979
0.40.282.11.30.43.01913694.42.74.63.73716211980+
0.60.352.61.60.43.62317745.43.04.84.24019321981+
0.60.392.91.90.53.51719245.61.91.42.91219731982
0.30.211.61.00.32.41710653.52.34.33.23512071983+
0.50.282.11.30.42.51214174.01.41.02.1914211984
0.50.292.21.40.43.627141225.14.08.25.46720131985+
0.60.372.81.70.53.31618235.21.81.32.71118441986
0.30.161.20.80.21.578102.30.80.61.258201987
0.50.282.11.30.42.51214174.01.41.02.1914211988
0.80.503.72.40.64.52224317.12.51.73.71525081989
0.60.503.11.80.43.62217735.43.04.84.24018671990+
0.40.272.01.30.32.51280173.91.31.02.0813701991
0.10.080.60.40.10.742451.10.40.30.624071992*

<8.9<5.742<26<7.0<52<284354652<81<35<41<5034328842Total

+: Years with cyclones; *: January 1 - April 4, 1992

@�ADOJK8G�@�K8GJK>C�l>ADEFE�Ajg�frEFADGJILK8E^PrILVH�zK8GJg�K)f�RZPpAjl1VLU�gZOJC�VDWBGiAj]^g�WeAjE^E�M�ADOJl1VLC�N�X�K8GJ]^S1g�U�O�GJ]^KTgZO
]^g�N�U�OJC.STVLU�EFfaR�K�¨ZU6ADg�OJ]Q��K)f|RZP!STVjlmR�]Fg�]^g�I�OJX�K�Ajg�g�U6AjEDGiAj]^g�WeAjE^EZOJVjOiADEFCt@�]^OJX�OJX�K{R�U�E£¢!A)�zK\GiAjILK
SiX�KTl1]^S)ADE�STVjl1N�VLC�]QOJ]^VLg'VDW�GiAD]^g�@BADOJK\G1ADOn�|E^KTVLE^KTILA'`�K8�;STE^U6f�]^g�IoS8P;STE^VLg�K>K8_�K8S8OJCiyaVjR�OiAD]Fg�K)f
f;U�GJ]^g�InOJX�K�N�GJKTC�KTgZOkC[OJU6f�PZ� g X�K�A)�zK8GiADILK�STVLg�STKTgZO�GiADOJ]^VLg*VDW¥��¤B�a¤a]Fg9GiAD]^g�W�ADE^E¥ADO!�|EFK8VLE^KTIzA
@�AjC?N�GJKTC�U�l>AjR�EQP�VH�zK8GJKTC[OJ]^l>AHOJK)f�f;U�K9OJV�STVjgZOiAjl1]^g6AHOJ]FVjg�VjWaC�K8�zK8GiAjE�@BAHOJK8G
CJADl1N�E^KTC*`�C�KTKI�KTS8OJ]^VLg�uTx;� xzy\M{ADg6fpOJX�K1l1VjGJKmGJKTAjE^]^C[OJ]FS?KTC[OJ]^l>ADOJKnW�VjGq¬�VjGJVz¢;U�EFAhWeVDGJKTC[Om@�AjC�U�C�K)f�]Fg�C[OJK)ALf��g X�KpSTVjg�STK8g�O�GiAHOJ]^VLg�C
VjW ¥�g¶ADg6f�µ3]Fg�GiAD]Fg�@�ADOJK8G'`�g�VjOhl1K)AjC�U;GJK)f6yn@�K\GJKrKTC[OJ]^l>ADOJKTf�R�P



�~¦�� §��¨Y�¿ZTVWL[]UXY^T©UHª�Sm�aWLTB¾«[]Y3¾JTVWRU7Q��9¬��|�u ®NM�®

AjC�C�U�l1]Fg�I�OJX�ADO�OJX�KTC�K|g�U;O�GJ]FK8g�OJC�@�K8GJK�f;K8GJ]^�zK)fnW�GJVjlÍl>ADGJ]QOJ]^l1K|C�VjU�GJSTK8CBK8�;STE^U�C�]^�zKTEQPZ��¯|GJK8�zK8G
`[u)vj¡z¹Ly!N;GJVD��]Ff�KTfrA)�zK8GiADILK1STVjg�STKTgZO�GiAHOJ]FVjg�C�VjW7¥�g�ADg6fpµ·]FgpC�K)Ah@�ADOJK8G)M¥ADg6f*OJX�VLC�K1]^g�GiAj]^g
@BAHOJK8Gk@�K8GJKaS)AjE^STU�EFADOJK)foU�C�]^g�I>£�¨ZU6AHOJ]^VLg�u)x��^uqVjg9OJX�K�R�AjC�]^C|VDWYOJX�K�GJKTEFADOJ]^�zKaSTVjg�STKTgZO�GiAHOJ]FVjg�C
VjW!¤�EB]^g�GiAD]Fg�ADg6f�C�K)A*@�ADOJK8G)M�AjC�C�U�l1]^g�I*OJX6ADOqW�GiADS8OJ]^VLg6AHOJ]^VLg�f;]Ff�g�VjO1VZS8STU�G)�9I�]Q�'l>AH¦#VjG
S8P;STE^VLg�KTC1S8GJVLC�C�KTfh°|]QOJ]7±tK8�;U�R�K8O¼@�KTKTg%u)vLwL�rADg6f�u)vjvz¹�`eO#@�VpS\P�S8EFVjg�KTC1]^g¶u)vL¡L�Ly1Ajg�f�OJX�K
ADOJl1VjC�N�X�K\GJ]FS>]^g�N�U�OJCaWeVDGmOJX�K8C�K>PzK)ADGJC�@�K8GJK?]^g�S8GJK)ADC�K)f�@�]QOJX�OJX�K>g�K8Oqg�U�O�GJ]^KTgZO�]Fg�N�U;OqW�GJVLl
S8P;STE^VLg�KAI�]Fg�A;MtAjC|l1K)AjC�U;GJK)fo]FgoOJX�K1�|E^KTVLE^KTILAhS)AHOJS\X�l1KTgZOm`J �²Tc g ADR�E^KhuTx;� õZy\� g X�KqGJKTC�U�EQOJ]Fg�I
KTC[OJ]^l>ADOJKTCaWeVDGnOJX�K1GJVDOiADOJ]^VLg�N�K8GJ]^V�f�ADGJK?IL]^�zKTg�]^g g ADR�E^K�u�³;�^uL���kCaOJX�K?STVLg�STKTgZO�GiADOJ]^Vjg�CmVDW
¬nM.¤�A;M,�
I�M.�k�!�jM<I��!�DMt�!�a¤jMt�
gpAjg6f g VDOiAjE{��@�K8GJKqVjW�OJKTgpR�K8EFV)@¯OJX�Kmf;K8OJKTS8OJ]^VLg�E^]^l1]^OJCTM
OJX�Ka]^g�N�U�OJC|VDW�OJX�KTC�K�STVLg�C[OJ]^OJU�KTgZOJC!l>ATP9X�AH�LK�R�K8KTg*l1VjGJK�VjG!E^KTC�C�C�K\GJ]FVjU�C�EQP*VH�zK8GJKTC[OJ]^l>AHOJK)f.�
�|V)@�K8�zK8G)MDOJX�K�K8_�K8S8OY@�]^EFE�R�K�STVjl1N�KTg�CJAHOJK)f�OJV|A|EFADGJILK�K8��OJKTgZOYR�K8S)AjU�C�K�OiAjE^E;W�VjGJKTC[O{�zK8ILK8OiAHOJ]FVjg
OJKTg6f;C�OJVaO�GiAjN9ADK8GJVLC�VjE^CkADg6f?f�U�C[OBl1VjGJKkK8_�KTS8OJ]^�zKTEQP1OJX�Ajg>OJX�KkGiAD]^gh@BAHOJK8G�STVjEFE^KTS\OJVjGJC�U�C�K)f>]^g
OJX�K!N;GJKTC�KTgZO�C[OJU6f�P�`µ´�X�]QOJK�ADg6f g U;GJg�K8G)M�uTvzwj´Ly\�
ÎAcoÐ�¶ ÒÔÓpÕ�Ö�×DØ�Ù
ÕøÚ©ÛrÜ�ÝhÖ�Õ�Þë×DÙ àoÕ�ÖBØ�â>ã ä�Ýqæ

I�O�GJK)ADlAj6V)@�GJKTSTVDGif�C?WeVjG?OJX�K��|E^KTVjE^KTIzA'S)AHOJS\X�l1KTgZO1@�K8GJK*g�VDO9A)�jAj]^EFAjR�EFK*R�K8W�VjGJK�u)vjvL´;�¯�
C�]^l1N�E^K
K8�;N�Vjg�KTgZOJ]FAjEBl1V�f;KTE�@BADC>f�KT�zK8EFVjN�K)f'OJX�K8GJK8W�VjGJK
OJV�GJKTEFADOJKof�Aj]^EQP�C[O�GJK)AjlAj�V)@�OJVjOiAjE^C
`¸·�y�OJVpf�AD]FEQP'GiAD]Fg;W�ADEFEBOJVDOiAjE^Co` 3 yqADg6f�A�u)�º¹¼f�ATP��k� ¸ M,@�]QOJX¼» ]Fg�£{¨ZU6ADOJ]^Vjg¶u)���^u9C�K8OmOJV
´;� vL´9]^g�C[OJK)ALfrVDW�´;� ¡L¹hOJV9VLR;OiAj]^g�l1VjGJKqGJK)AjE^]^C[OJ]^ShC[O�GJK)ADlAj6V)@¢VLU;OJN�U�OJC!W�VjG�N�K8GJ]^V�f�Ca@�]QOJX�VjU�O
GiAj]^g�WeAjE^E�� i KTIDGJKTC�C�]^VLg�Ajg�AjEQP;C�]^Cq@BADCmU�C�K)f�VLg�f�ADOiA
WeVDG1A�uH�Zuv¹¼f�ATPrN�K8GJ]^V�fr@�X�]^S\X']^g�STE^U6f�KTf
R�VjOJX
f;G�P
Ajg6f>@�K8OkN�K8GJ]^V�f�Ca`[u)�n��KTR�GJU�ADG�P1÷*uH��½LU�EQP�u)vLvj´zy\M�ADg6fhOJX�K!WeVjEFE^V)@�]^g�I>K8�;N�GJK8C�C�]FVjg
@BADC�VjR�OiAD]Fg�K)fk¾

E^g7·À¿ÀÁ�´NÂ vL¹�uL`�Ã!´~Â ¹jvLwLy 6 ´~Â ´z¹j¹;`�Ã!´~Â ´j´z¹Ly 3¨6 ´~Â ´�u)´�`�Ã!´NÂ ´L´;u)y�Ä 3aÅÇÆ�È
g�¿½u)��uLM�GvÉE¿¶´NÂ wjw `[u�³;� ¹Ly

g VBOJKTC[O/@�X�K8OJX�K\G/OJX�]^CtC�]Fl1N�E^K�l1V�f;KTELSTVjU�EFf�N�GJK)f;]^S8O,E^VLg�Iz¹«OJK8GJl¶C[O�GJK)AjlAj�V)@rOJVjOiADE^CYAjSTS8U�GiADOJK8E^PZM
OJX�K1l1V�f;KTE�@�AjCqGJU�g�VLg�ADg']^g6f�K8N�KTg6f;KTgZOn¹ZuLu>¹#f�ATP'f�AHOiAjC�K8Onf�U;GJ]Fg�I�u)vjvL´;� g X�K?N;GJK)f�]^S8OJKTf
C[O�GJK)AjlAj�V)@�OJVDOiAjE!WeVDG9OJX�]^ChN�K8GJ]^V�f�@�AjC
@�]QOJX�]Fg¯uDÊèVDW�OJX�Kpl1KTAjC�U�GJKTf�C[O�GJK)AjlAj�VH@�OJVjOiADE«�
�|V)@�K8�zK8G)ML@�X�KTgnOJX�K�l1V�f;KTE;@�AjC�AjN�N�E^]FKTfmOJV!OJX�K�STVLl1N�E^K8OJK�f�AHOiA!C�K8O�W�VjGku)vLvj´;M�OJX�KBN;GJK)f�]^S8OJKTf
C[O�GJK)AjlAj�V)@�OJVjOiADE�@�AjC�wzÊ¢E^V)@�K8GBOJX�Ajg>OJX�K|l1KTAjC�U�GJKTf1OJVDOiAjE.f�U�K�OJVqU�g�f�K8GJKTC[OJ]^l>AHOJ]FVjg>VjW/OJX�K
C[OJVjGJlAj�VH@·AjC�C�VZST]FAHOJK)f�@�]QOJXoOJX�K�N6ADC�CJAjILKmVjW�S8P;STE^VLg�K i AjK?`&�9ADGJSiXtMYu)vjvL´Ly\��I;]^g�STK�K8G�GJVDGJC!]^g
l1K)AjC�U;GJKTl1KTgZOJC,VDW�C[OJVjGJlAj�VH@�f;U�GJ]^g�I|S8P;STE^VLg�K�KT�zKTgZOJC¥ADGJKBN;GJVLR�AjR�EQPqAjC¥X�]FIjX1AjCBuT´�Ê·AjgZP�@BATPZM
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]^gÌI�KTS8OJ]^VLg�Cu³;� õ��^u*ADg6f	³;� õ;� ¹*@�K8GJK
GJU�g'WeVjG1OJX�K9f�Aj]^EQP'GiAj]^g�WeAjE^E|f�ADOiAoWeVDG1OJX�KhPzK)ADGJC
uTvzwj�)÷
u)vjvL´;M¥U�C�]^g�I9OJX�K1l1V�f;KTE{N6ADGiADl1K8OJK8GJC�VLR;OiAj]^g�K)f�WeVjGm¬�VjGJVjl>Ajg�]¥WeVDGJKTC[O9`�I�KTS8OJ]^VLg�³;� õ�� ¹Ly�Ajg�f
WeVDGk�|AjR�VjU
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]^gZOJK8GJSTKTN;OJ]^VLg
E^VjC�CkR�K8O¼@�KTK8g
OJX�KBO#@�Vq�LKTILK8OiAHOJ]^VLg1O#P;N�KTC{GiAjg�IjK)fnW�GJVjl�u)xL¹al1l©]^gou)vj¡zw?`«Aaf�G�PmPZK)AHG\y¥OJV�xzwD´�l1l©]^gou)vjvL´
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`e@�X�]FSiXr@�AjCq¨�U�]QOJKn@�K8O\y\M¥ADg6f�A)�zK\GiAjILKTf'¹z³�uhl1l9� g X�K1S)AjE^STU�EFADOJK)f'ADg�g�U6ADE�f�]Q_�K8GJK8g�STKTCa]^g
]^gZOJK8GJSTKTN;OJ]^VLg'E^VLC�CnR�K\O#@�K8KTg'IjGiADC�C1Ajg�f�N�]^g�K1WeVDGJKTC[OnW�VjGmOJX�K1PZK)ADGJC?u)vLwL�)÷�u)vLwj¡p@�K8GJK
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RZP?£{¨ZU6ADOJ]^VjgruD³�� ¹qOJVmVLR�OiAD]^goAml1VjGJKkGJK)AjE^]^C[OJ]^S
ADg�g�U6ADE�C[O�GJK)AjlAj�V)@ÍVLU;OJN�U;OqW�VjGnOJX�KTC�K?PzK)ADGJCT� g VpADSTSTVjU�gZOmW�VjG>f;]^_�K\GJKTg�STK8Cn]^gºf�G�P�C�K)ADC�VLg
O�GiADg�C�N�]QGiAHOJ]FVjg1GiADOJKTC�R�K8O#@�KTKTg1N�]^g�KTC�ADg6fnIDGiAjC�C�EFAjg�f.M�OJX�K�f�AD]^E^PmC[O�GJK)AjlAj�V)@�Ajl1VjU�gZOJCYWeVDGBf;G�P
f�A)P;C�f;U�GJ]^g�IaOJX�K�f�G�P>C�K)AjC�Vjg�C�VjW�uTvzwj�)÷6uTvzwD¡>@�K8GJK!]^g�S8GJKTAjC�K)fh@�]QOJX
OJX�K|VjR�C�K8GJ�zKTf
f�]Q_�K8GJK8g�STK
]^gof�Aj]^EQPo£ g GiAHOJKTC�W�GJVLl3IjGiADC�C�EFAjg6f*ADg6f
¬�VDGJVLl>Ajg�].W�VjGJKTC[Ok]^g�u)vjv;u>`&¹�� ´1l1l�f�A)PBÎ Æ y\� g X�]^C
Ajf�f�KTfrAjg�VjOJX�K8Gm¹j¡Ç³)÷�xj¡z¹9l1l»OJV
OJX�KnN�GJK)f;]^S8OJK)frC[O�GJK)ADlAj6V)@©OJVjOiADEFC�W�VjG�OJX�KTC�KnPZKTADGJCT� g X�K
GJKTC�U�EQOJ]Fg�InKTC[OJ]^l>ADOJK8C�VDW{Ajg�g;U�AjE�C[O�GJK)ADlAj6V)@%OJVjOiAjE^CkADGJK�Ij]F�LKTg
]^g g ADR�E^KnuD³�� ¹��

ÏÑÐ~ÒBÓmlÕÔ �kÖ O nKp�qkq ÃksZÂB�D��t } sZÅa×L�ZÆÀ��Ã��£�,Ã����1È�Ø(��Å
Å É s q<{^q Ã���tDw }�q � }>Ù �k�xtD���>È«Ëz�>ÄBs ��� Éy t>�ZÅ��«Ä }�� Â } �ZÂ } ��su��sx���8Ä�Å }�q �J�N� } t7�«Ä }5� t����<t>�N��sN��w�� q � } tDw�� { È]�N�k�Ç�N���N�o�o� É �Kw q �DÂ^Ã { w q �
ÄBsNtD� } �D��w q ��s q<{ ÇHÃ�t q w q �'È]�~�~�o���a�~�~�N  É~¡

MnP-TN-TSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNaQYear

1.70.170.71270.22.370336582.026.235.83.1989461975
1.40.140.61070.11.758281491.721.829.92.4827871976
1.80.190.81380.22.775362632.228.438.83.610610271977
1.40.140.61030.11.556272471.721.028.72.1797541978
1.10.120.5860.11.847226401.417.724.32.4673671979
0.40.050.3330.00.81690160.57.210.11.8262491980
0.50.070.4430.11.221117220.69.413.22.7353271981
0.50.060.2380.01.021100180.68.010.91.3302911982
0.30.040.3290.00.61480150.46.39.01.7232161983
0.40.050.2320.00.71783150.56.69.01.0252391984
0.70.110.6680.12.434180341.014.720.64.4545251985
0.50.060.3400.11.122105190.68.411.51.4313061986
0.30.030.1250.00.41467120.45.27.20.6201891987
0.40.040.2310.00.71780140.56.38.70.9242301988
0.70.080.3520.11.729136250.810.915.02.1414021989
0.40.060.3400.12.32195190.77.010.01.5303001990
0.30.250.5360.14.62092270.46.810.52.7303121991
0.20.420.390.01.453290.32.23.50.99861992*

<12.9<2.1<71036<1.4<295572734500<16214297368107553Total

*: January 1 - April 4, 1992

g X�KBN�GJK)f;]^S8OJK)f�Ajg�g�U�AjE�C[O�GJK)AjlAj�V)@�OJVDOiAjE^C¥VH�zK8GYOJX�K�N�K8GJ]^V�fhu)vLwL�T÷6u)vjv;u�GiAjg�ILK)faW�GJVLlÍuT¡Lv
l1lôf�U;GJ]^g�I>OJX�Kqf;G�P9PZKTADG!VDW|uTvL¡zw*`«�K¿¢¡z¹D´hl1l?y�OJV�uT´z¹jw?l1lô]Fg'uTvzwLw*`«�K¿3u)¡L´L¹?l1l?y\M
@�]QOJX�AjgpA)�zK8GiAjIjKmVDW�õjõ�³�`�Ã�¹jwz³Ly|l1l9� i Aj]^g;W�AjE^E¥f;U�GJ]^g�I1OJX�]^C!N�K\GJ]FV�f*A)�zK8GiADILK)f'uD³jvz��`�Ã|õ�uH¹jy
l1l9M�GJKTC�U�EQOJ]^g�I>]^g�Ajg�A)�zK8GiAjIjKmADg�g�U6ADEY£ g VjW�uH¹Hõ�³;`�Ã|õLõ�u)y!l1l9M�VDG�x;� õ�`�ÃquL� ¹Ly|l1lôf�ATP Î Æ �
¤�VjlmR�]^g�]Fg�IhOJX�]FC���ILU�GJKn@�]QOJXrOJX�K1Ajg�g�U6AjE��,KTg�l>AjgrVjN�KTgp@�ADOJK8GqKT�jAjN�VDGiADOJ]^VLg�VjR�C�K8GJ�LK)f�ADOg U�EFAjC�K8@�AaW�VjGJKTC[O�]FgouTvLvL´>`[uD³j¡;u�l1l?yt@�VjU�EFf1]^l1N�EQPnADg?£ gHÚ £ÑÛ�VjWt´;� wDõaWeVDG�OJX�K�W�U�E^E�GJVDOiADOJ]^VLg
N�K8GJ]^V�f�� g X�K*A)�zK8GiADILKp£ g �jAjE^U�Ko]^Ch@�]QOJX�]FgºOJX�KoGiAjg�ILK*N�GJKTC�K8g�OJKTf�RZP�µ�GJU�] ¦[g�~8KTKTEm`[uTvLvj´;Mg ADR�E^Kqu)y{WeVDG�E^VH@�EFADg6f?O�GJVjN�]^S)ADE�W�VjGJKTC[OJCTM�ALf�f�]^g�I�STVjg���f;KTg�S8K�OJVaOJX�Kkl1V�f�KTE6N;GJK)f�]^S8OJ]^Vjg�CT� g X�K
S)ADE^STU�EFADOJKTf�£ gHÚ £`Û�GiAHOJ]^V?]^C|AjE^C�V>STE^VLC�KaOJV>OJX�K��LADE^U�KaVjW�´;� wjw>S)ADE^STU�EFADOJKTf*RZP
µ�EFAjSÜ¢�]FK?`[u)vLwjvLy
W�GJVLlÍuD³�PZK)ADGJCYVDW6GiAj]^g;W�AjE^E�M�C[O�GJK)ADlAj6V)@�Ajg�fql1]^S8GJVz¹&l1K8OJK8VjGJVLE^VjIL]^S)AjE�f�AHOiAkSTVjEFE^KTS\OJK)fm]^gnA|C�l>ADE^E
U�N�EFAjg�fhS)AHOJS\X�l1KTgZOa`&¹Dõz´j´nl3A;� CT� E��FM�xÇ³nX6ALy�]Fgh¬�KTgZP�AmN�E�ADgZOJK)f?OJV>ù�beú�û;üKÝ;²j±�û;³^²a]^g
OJX�K|��GJC[O
PZKTADG�VjW{f�ADOiAmS8VLE^E^KTS8OJ]^VLg.�
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µ�KTSTAjU�C�K*STVjg�STK8g�O�GiAHOJ]^VLg�C?VjWaC�K8�zK8GiAjEk]^VLg�C?]^g�R6ADC�Kvj6V)@ô@�K8GJK�f;]^_�K\GJKTgZO1W�GJVLløOJX�VLC�K*]^g
C[OJVjGJlAj�VH@�M�C�KTN6AHGiADOJK*KTC[OJ]^l>ADOJKTC>X�ALf�OJVrR�K9VLR;OiAj]^g�K)f�WeVjG?OJX�K9Ajg�g�U�AjE�OJVjOiAjE^C?VjW!OJX�K
O#@�V
C[O�GJK)AjlAj�V)@3STVLl1N�Vjg�KTgZOJCT�ä¯!U;GJ]^g�IpOJX�K9S)ADEF]^R;GiADOJ]^VLg�N�K8GJ]^V�f�M�C[OJVjGJlAj6V)@3STVjgZO�GJ]FR�U�OJ]^VLg�C1OJV
C[O�GJK)AjlAj�V)@�@�K8GJK*U�C�U�AjE^EQP�VjR�C�K8GJ�LK)fºVjg�f�ATP;C1@�]^OJXºGiAj]^g�WeAjE^E!]^g�N�U�OJC1X�]^IjX�K8G>OJX6ADg§uT´�l1l
VLg�E^PZ�t�|K8g�STK¥OJX�K�Ajg�g;U�AjEzC[OJVDGJlAj6V)@�OJVDOiAjEz@BADCYAjN�N�GJV)�;]^l>ADOJK)f!RZP|OJX�K�C�U�lßVDW�OJX�K�C[O�GJK)ADlAj6V)@
OJVjOiADEFCtWeVjGYf�ATP;Ct@�]QOJX�GiAD]^g�W�ADE^E�ADR�VD�LK{OJX�]FC.O�GJKTC�X�VjEFf.� g X�K�GJKTC�U�E^O/VjW�OJX�]^CtGiAHOJX�K8GYS\GJU6f�K{l1K8OJX�V�f.M
@�X�KTg�AjN�N�E^]FKTfrOJVof�AD]FEQPpGiAj]^g�WeAjE^EBAjg�frC[OJVjGJlAj�V)@Íf�ADOiA9STVjEFE^KTS\OJK)f�]^g�u)vLvj´;MY@�AjCq@�]QOJX�]Fg�¡�Ê
VjWtOJX�K�ADS8OJU6ADEtC[OJVDGJlAj6V)@�OJVjOiADE�� g X�]^C�C�U�ILIjKTC[OJK)fhOJX�ADO�VH�zK8GJKTC[OJ]^l>AHOJ]FVjg
VDW/OJX�K|C[OJVjGJlAj6V)@%Vjg
f�ATP;C{@�]QOJXnGJKTEFAHOJ]F�LKTEQP1E^VH@�GiAj]^g�WeAjE^E6@BADC�l1VjGJK�VjG�E^KTC�C�STVjl1N�KTg�CJAHOJK)fnRZPqOJX�K�U�g6f;K8GJKTC[OJ]^l>ADOJ]^Vjg
VjW�C[OJVjGJlAj�V)@½W�VjGnN�K\GJ]FV�f;C1f�U;GJ]^g�I9@�X�]^SiX'C[OJVjGJlAj�VH@òKT�zKTgZOJCaEFAjC[OJK)f�E^VLg�ILK8GqOJX6Ajg'Vjg�K?f�ATPZ�g X�KoADg�g�U6ADEBR6ADC�Kvj6V)@3OJVjOiADE�@�AjC>VLR;OiAj]^g�KTfºRZP'C�U�R;O�GiAjS8OJ]^g�IpOJX�K9Ajg�g�U�AjEBC[OJVjGJlAj�V)@�OJVjOiAjE
W�GJVjlÍOJX�K!N;GJK)f�]^S8OJK)fhC[O�GJK)AjlAj�VH@�OJVDOiAjE��

��_�VDGJKTC[OiADOJ]^Vjg�f;]�f'g�VjO1C�KTK8l OJV*S\X�Ajg�ILKhOJX�KhS8VLg�S8KTgZO�GiADOJ]^VLg�CnVjWkOJX�K?l1VLC[On]^l1N�VDG�OiAjgZO
g�U�O�GJ]^KTgZOJC�`id)c åZc���M��,M�¬nM�¤�AmAjg6f9�
IZy�]^g9R6ADC�Kvj6V)@¶C�]^ILg�]Q��S)AjgZOJEQPr`�I�KTS8OJ]^VLgpu)x;� wZ� ¹jykADg6f?OJX�K
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OJX�K�WeVjGJK8C[OJK)f
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@�]QOJXhS8P;STE^Vjg�KTCTM�OJX�KkR6ADC�Kvj6V)@�OJVjOiADE�]Fg>OJX�K�N�K8GJ]^V�f
AHW�OJK8GBOJX�K|S8P;STE^Vjg�K|K8�zKTgZO�U�g�OJ]^E6OJX�KkKTg�f?VDW
OJX�K!PZKTADG�@BAjCklmU�E^OJ]^N�EF]^K)f?@�]^OJX9OJX�K�STVLg�STKTgZO�GiADOJ]^Vjg�C|VDWYOJX�KaR6ADC�Kvj6V)@§VLR�C�K8GJ�zK)foAHO��|E^KTVjEFK8IzA
ADW�OJK8GhOJX�KoN6ADC�CJAjILKpVjWaS8P;STE^Vjg�K:I;]^g6A�` g AjR�E^K'u)x��^uH�Ly\� g X�KoS8P;STE^VLg�K8C9AjE^EkVZSTSTU�G�GJKTf�]Fg�OJX�K
l1VLgZOJX�CZ½zAjg�U�ADG�P�U�gZOJ]^E{�kN�GJ]^E�M.GJKTC�U�EQOJ]^g�I9]^gr¡H÷6uju1l1VLgZOJX�N�K8GJ]^V�f�C�@�]QOJXrKTE^KT�jADOJKTfpR6ADC�Kvj6V)@
STVLg�STKTgZO�GiADOJ]^Vjg�C!f;U�GJ]^g�I1OJX�KTC�K�PzK)ADGJCT�|��_�VDGJKTC[OiADOJ]^VLg*l>ATP9X�A)�zK�AD_�KTS8OJKTf*S8VLg�S8KTgZO�GiADOJ]^VLg�C!]^g
C[OJVjGJlAj�VH@�M�R�U;O�g�Vn]^g�W�VjGJl>AHOJ]FVjg9@BADC|A)�jAj]^EFAjR�E^KaVLghOJX�]^CkC�U�R;¦#KTS8OkAjg�fhOJX�K�g�U;O�GJ]FK8g�O�VjU�OJN�U�OJC
��]�A�C[OJVjGJlAj�VH@�@�K8GJK�OJX�K8GJK\WeVjGJK�ADN�N;GJVH�;]^l>ADOJKTf�U�C�]Fg�I|OJX�K�AH�LK8GiAjIjK�C[OJVDGJlAj6V)@�STVjg�STKTgZO�GiAHOJ]FVjg�C
VLR�C�K8GJ�zK)f9]^goOJX�K�WeVDGJKTC[OJK)f*S)ADOJSiX�l1K8g�O�]^g'u)vjvL´;�!�|V>STVjG�GJK8S8OJ]^VLg�Ck@�K8GJK�l>ALf;KaW�VjG�C[OJVDGJlAj6V)@
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N;GJ]Fl>AHG�Prl1]^g�K8GiAjE^CT�o�kVo]Fg;WeVDGJl>ADOJ]^VLg'X�AjC�R�KTKTg'N�GJK8C�KTgZOJK)fpPZK8O�Vjg�OJX�K1g�U�O�GJ]^KTgZO�]^g�N�U;O�R�P
@�K)ADOJX�K8GJ]^g�IoVjW�C�Vj]FE�Ajg6f�GJVZS>¢pl1]Fg�K8GiAjE^CT� g X�K>g�U�O�GJ]^KTgZO�C�U�N�N�EQPrRZP*@�K)AHOJX�K8GJ]^g�I�]^C�U�C�U�AjE^EQP
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ÈJÇ É ��sNtDw��ZÃP�Ls����)Ã�Å\�5��w�� q �Z� q Æ } sN��Ä } tDw q �Aw q �,Ã���� ¡æð Ä } Å�s Ù w�Å
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B+Zn+MnP-TN-TSi   PO4  NO3 SO4  HCO3ClNH4 CaMgKNa

Water solute budget [kg ha-1]
0.20.1<9<5.742<26<7.0<52<284354652<81<35<41<50343P input

<13<2.1<71036<1.4<295572734500<1621429736810Q output
0.20.1-43.635-1010623-273-238015265-179-25614-467P-Q

Nutrient exports with particulate matter in streamflow [kg ha-1]
????????

Nutrient exports in biomass components [kg ha-1]
0.10.635.345231129Stemwood & bark
0.00.111.313949Branches*
0.10.243.25117824Foliage*

Contribution of nutrients by weathering [kg ha-1]
Scenario 1: All nutrients provided by weathering 

0.10.8116.27322827948Weathering input
Scenario 2: No nutrients provided by weathering

0.00.000.00000Weathering input

Net gains (+) or losses (-) during a rotation period [kg ha-1]
Scenario 1: All nutrients provided by weathering 
Harvesting of: 

0.10.344.563261233Stemwood & bark
0.10.243.25117824+ branches
0.00.000.00000+ foliage

Scenario 2: No nutrients provided by weathering
Harvesting of:

0.0-0.5-7-1.7-10-202-267-15Stemwood & bark
0.0-0.7-8-3.0-23-211-271-24+ branches

-0.1-0.8-11-6.2-73-228-279-48+ foliage

Soil Nutrient Reserves at the end of the rotation [kg ha-1]
1611010692011280213Available

Predicted number of rotations for scenario 2 and various harvesting intensities
9115819Stemwood+bark
555712+ branches
32576+ Foliage

+: Atmospheric inputs from marine sources exclusively, based on Zn/Cl and B/Cl ratios in seawater (Drever, 1982)
*: Calculated using branch/stem and foliage/stem biomass ratios observed in Koromani forest
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CAI(1990)Living biomassBAhDbhobStockingAgeResearch Site
[t ha-1 yr-1][t ha-1][m2 ha-1][m][m][ha-1][yr]

na8nananana0Nabou grassland
22.57018.111.60.168256Tulasewa forest
7.611127.514.70.2082211Korokula forest
9.614831.617.50.2562115Koromani forest
-109*15.818.30.2545915Oleolega forest

Dbhob: diameter at breast height (1.35 m); h: tree height; BA: Basal area; CAI: Current annual increment
na: Not applicable; *: Biomass of riparian forest not included
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Ù<Ú�Û�ÜdÚ�ÝZÞ(ßgà áhâ�Únâ�ÜBã�â�Þ�Ú>â�ã�ÛWä�ä�ÝWå[à á V Ú�æcçBèYÜBÚnéBÚ�ÛZã+ÛWà[ÚBê�ß�ãBã+ÝWèYë�ì�à áhâ�å[à á V Þ(ç�çSÝkí�ßÚ�Ý � ãSâ�Þ�æcçSä"ß$êæcçBèYæ(ÝZãSâTÞ(ÚnâNÚnâÈÚ�ÚnâNÛWÚyà[â"ÛWÚ�â�èYà[ÚnÜdÚyæcÚnéSÝZã�ínà[â�éîà[âvÞ�Ú#ÜBçSÝWà[éBÚïÚ�Únä�ß®ì�ÚnÚ�ð�Û�éBÚ�åoÚ�àñÞòÛWçSÛlì�Ú�ÛçBâ�ÛWèhÛZãBã�âJÜSãSâ�ÚnÚ�âJÜ"ä�ä(Ý X ÝWÚnèYà[èhÛWÚnâ�ÛWÚ2é�ÝZãSèYåoãSâ�ÞJæcÚné�ÝWç�Únà[àoâ�é�à[â>ßÚnèhÛ / à[ÛWà 1 ÚnÜ"äsê(ó@à áhà�ôeöLß�õ"ðöç�ÝZÞÚnâ . ÝWà[éBì�Û ê'÷ ø ]BùBú ê@ßãBã+Ý�Þ�Ú�â�ÚnÚ�ÝWèYåoãSéaÚ�Únâ#èhÛWÚ�Ý V Ú�èYÚnà[ínç�Únâ�ãSå[Ú�ÜdÚ�ÝZÞ�Ú�åoà[â�é�ÜdÚ�ÝYÛWç�çSâ�Û$û>Ú�Û$ÚnÚ�âáYãSã�ÝYÛWçSÛZãSãSå�ÜSãSâ�çSâ�éBÚ�ÜdÚnÚ�ÝJ÷ üBýSýQû>ûaþlÿ<û®ÛWÚJÜdçSåoÞ�ç�Únâ¨ãSãSâ Þ�Ú>ÛWç�Únâ�Únû>ÚnâTÞ(Ú�Ü"ÝZãSãSé�ç � Þ(ÚßÚ�ÝWÚ�åñÞ(û�ã�Ý V Ûâ�ãBã+Ýgì�çBä(Û � ä�å � Üdç�ç�Ý � ã � à[Ú�Ý � ÝWç"Þ(ä V ÛWà[ÚBê�ãBã�âaÞ�Ú2å[ç V ãSå[Ú�Ü�ÝZãBã�é�âTãSã�Ý�ì�çBä�ÛÜdç�çSÝënçBâ�èhÛYÝWä�ë�ÛWà[Ú�ßLÚ�Ý V í ãBã�û>ì�Ú Þ(Únâsê�Únâ�çSûÈßÚ�Ý V éSÚnå[ÚnéBÚ�â�ì�Ú�àñÞ�ÛWÚLèYëZì�Ú ��� Únâ�Üdç�çSÝ�Þ�Ú'åñã�âTÞ(Únà[éBÚnâ�ã�ÝWÚnâ�êínà áhâJèYàoâ�Þ�è�÷nø ] ý>Þ(ç�çSÝ2Þ�Ú<ó@à áhà���à[â�Ú��LçSû>û>à[èYèYàoçSâ��
	������������	 Ë ����� � åoã�â"ÛZã�éBÚnèPãSãSâ�éSÚ � åoã�â"ÛPç �Þ�Úní�Ú���������	�������� 3"!$# Ê �%�&�'��( Ê$! �¨éSÝZã�èYåñã�âTÞ(Únâsþ*)�ëZì"ÛWÚ�Ý êæ�à[â�â�Únâ ínÚnè$áYãSã�Ý-âTãyÞ�ÚlãSãSâ � åoãSâ�ÛÜBã�â-Þ�Únâ�â�Únâ>ç � é�ÝZãSèYåoãSâ�Þ�ÚnâJàoâ�ì�Ú�Ûâ�ç�çSÝZÞ�Ú�âJÜSãSâ / à\ÛWà 1 ÚnÜ"äsê�ßÚ�ÝZÞ�Únâ�èhÛWÚ�Ý V ÜdÚ�ÝWåñãSãSéBÞ�Ú�Þ(Únæ�à XÚ�ÛWÚnâ�éSÚnçBæ�èYÚ�ÝWÜdÚnÚ�ÝZÞ�àoâqèhÛYÝWç�çBû>éBÚ�æ�à[Ú Þ�Ú�â>éBÚnæ(ÝWä�à V ÛGÜBç�çSÝGÞ�Ú�ß�ã+ÛWÚ�ÝYßgà[â�â�àoâ�é>ô�+�ãSû>û>Ú�Ý�Ú�â��<ã á�ê÷ ø$,Sø ú þ f à\Û�ì�ãBÞ-çBâTÞ(Ú�ÝWû>ÚnÚ�ÝGÛWçSÛgéSÚnÜdçBå[éqÞ�ã�Û�ÛWÚ V çSÝYÛWÚnâ-Üdç�ç�ÝgÞ�Ú�èhÛWÚnÞ�Únå[à á V Ú2ß�ã�ÛWÚ�ÝWÜdç�çSÝWínà[Únâ�à[â�éçBâ�ÛWèhÛWçBâ�Þ�ÚnâQÛWà áYÞ�Ú�â�èkÞ(ÝWçBéSÚ � Ú�ÝWà[ç"Þ�Únâ�þ�Ù2Ú�Û V ã ��� ÚnâyÜBã�âïÞ(ÚnínÚ>æcçBèYèYÚ�â�àoâïÞ�Ú�áYã+ÝWÚnâ#ÛZã�ë�ì�ÛWà[éÜdÚ�ÝWç�ç�ÝWí ãBã V ÛWÚ�â�àoÚ�ä"ßLÚ � ÝWçBæ�å[Únû>Únâ�ÜBç�çSÝ<Þ�Ú�ß�ã+ÛWÚ�ÝYßgà[â�â�àoâ�é�êzû>Ú�Ûgâ�ãSû>Ú$à[âlÞ(Ú�ÜBçSÝWû ÜSãSâaÚnÚ�âÜdÚ�ÝWû>à[âTÞ(Ú�ÝWà[â�é>à[âyÞ�Ú V ßãSå[à\ÛWÚnà\Û�ÜBã�âQì�Ú�Û�ÝWà[Ü"à[Ú�ÝYß�ã+ÛWÚ�Ý�Þ�ç�ç�Ý�Þ�Ú�ì�çBéSÚ�èYÚ Þ(àoû>Ú�â"ÛWë�çBâ�ë�Únâ�ÛYÝZã�ÛWà[ÚnèÛWà áYÞ�Ú�â�è�ÝWÚnéBÚnâ"æ�ä�à[Únâ ôpÚ�ÝWçSèYàoÚ ú þ.-�â¨Þ�Ú$áYã+ÝWÚnâ�ÛZãSëZì"ÛWà[é�âTãaì�Ú�Û V ã ��� Únâ�ÜSãSâ�Þ(Ú�ÚnÚ�ÝWèhÛWÚ-æcçBèhÝWç XÛZã�ÛWà[Ú�éBÚnÜBçBå[édÞ�Þ�ç�ç�Ý<ì�Ú�Û2æ�ÝZãSâ�Þ�Únâ�ÜBã�âlÞ�Ú�èhÛYÝWç�çBà[èYÚnå[åoãBã�éaâ"ä�ÛYÝWà �Únâ�ÛWÚnâ�ÛWÚ V ç�ÝYÛWÚnâ�éSÚnënçSâ�èhÛZã�ÛWÚ�Ú�ÝZÞôpçBâ�Û ßgà V"V Únå[à[â�é>ÜSãSâlèYëZì�Ú�ä�ÛWÚnâlínçSâTÞ(Ú�Ý�â�ãBãSåoÞ(Únâ ú à[âyÞ(Ú$Û ßÚ�Ú Þ�Ú�ÝWçSÛZã+ÛWàoÚSþ f à\ÛPÝWà[Ú � Ü"ÝZã�éBÚnâ�ç �ç+ÜdÚ�ÝgÞ(Ú<Þ(ä�ä�ÝWínãBãSû>ì�ÚnàoÞ>ÜBã�â�Þ(Ú<ì"ä�àoÞ�à[éSÚ2ßgà áhínÚ<ÜBã�âJì�çBä�Û � ÝWç"Þ�ä V ÛWà[ÚPà[â�ó@à áhà�ô§Þ�ã�Ûßgà[å�ínÚnéBéSÚnâsêínçBâ�Þ�Ú�Ý2ÛWç�ÚnÜdç�ÚnéSà[â�é�ÜSãSâ V ä�â�èhÛWû>ÚnèhÛ ú þ�ÿ<û�û>ÚnÚ�Ý<à[â�ínà[ëZì"Û2ÛWÚ V ÝWà áhéSÚnâyà[âyÞ�Úní�Ú � ÝWçSæ�å[Únû>Únâlà[è
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CAI(1990)Groene biomassaBOhDbhobDichtheidLeeftijdLokatie
[t ha-1 jr-1][t ha-1][m2 ha-1][m][m][ha-1][jr]

nvt8nvtnvtnvtnvt0Nabou grasland
22.57018.111.60.168256Tulasewa bos
7.611127.514.70.2082211Korokula bos
9.614831.617.50.2562115Koromani bos
-109*15.818.30.2545915Oleolega bos

Dbhob: Diameter op 1.35 m; h: Boomhoogte; BO: Basale oppervlakte; CAI: Groei in 1990
nvt: Niet van toepassing; *: Biomassa van loofbos niet meegerekend

à[â�÷ øSüBøJÚ�Únâ�èhÛWäTÞ�à[Ú�æcÚnéSçBâ�â�Únâ�à[âQÚ�Únâ�èWãSû>Únâ�ßÚ�Ý V à[â�é-ÜSãSâQÞ(Ú / ÝWà áhÚ4�<â�à[ÜdÚ�ÝWèYà[ÛWÚ�à[Û<ÜBã�â��2û XèhÛWÚ�ÝZÞ�ãSû�Ú�â#Þ(Ú>ó@à áhàL�'à[â�Ú��LçBû>û>à[èYèYà[çBâ ôöÛWÚnéBÚnâ�ßLç�çSÝZÞ�à[éló@à á àG��à[â�Ú 1 ÛZÞ�þ ú û>Ú�Û��Tâ�ãSâ�ënà[Ú�ÝWà[â�éÞ(ç�çSÝ'Þ�ÚLèhÛWàoëZì�ÛWà[â�é<ÜBç�çSÝ�ßÚ�ÛWÚnâ�èYëZìTã ��� Únå[à á V çBâ�Þ�Ú�ÝWí�ç�Ú V ÜBã�âqÞ(ÚLÛYÝWç � Únâ-ô . ÿ��
�Pÿkê � ÝWç+áhÚnë�ÛWâ(Ý þ. ü�� Xs� ø ùBú þ f Ú�èhÛWä�Þ�à[Ú$ìTãSÞ�Þ�Ú<ÜdçBå[éBÚ�âTÞ�Ú�Þ(ç�Únå[èhÛWÚnå[å[àoâ�éBÚnâ m
� +�ß�ã�â"ÛWà�� V ã+ÛWàoÚQÜSãSâ ÚnÜdÚ�â"ÛWä�Únå[Ú�ÜdÚ�ÝZãSâ�Þ�Ú�ÝWà[â�éBÚnâ à[âòÞ�ÚQì�õ�Þ(ÝWçBå[çSéBà[èYë�ì�Ú V ÝWà[â�éSå[ç�ç � ÛWÚnâéBÚnÜBçBå[éBÚkÜBã�âlì�Ú�ÝWæcÚnæcçSèYèYà[â�é�ÜBã�âq��������	�������� 3"!h# � �%�&�'��( �$! ��éSÝZãSèYåoã�âTÞ�Ú�âQà[â�ínä�àñÞ"ßÚnèhÛ/ à\ÛWà 1 ÚnÜ"ä�û>Ú�Û���	�����E�%�h��	��%�����
��� ÚnèhÛWä�Þ�Ú�ÝWà[â�éJÜBã�â#Þ(Úqâ"ä�ÛYÝWàz�Únâ�ÛWÚnâ V ÝWà[â�éSåoç � Únâ#à[âQéSÝZã�èYåñã�âTÞ(Únâ#Únâ � åoã�â"ÛZã�éBÚnæcçSèYèYÚnâ#ÛWÚ�ÝÚnÜSãSå[äTã+ÛWàoÚ�ÜSãSâ�Þ�Ú$Þ(ä�ä�ÝWínãBãSû>ì�ÚnàoÞ-ÜSãSâ�Þ�Ú$ì"ä�àoÞ(àoéSÚ�û�ãSâ�à[Ú�ÝPÜBã�âJì�çBä�Û � ÝWç"Þ�ä V ÛWà[Ú
��� ÚnèhÛWä�Þ�Ú�ÝWà[â�é¨ÜSãSâ Þ(Ú�Ú��zÚ V ÛWÚnâ¢ÜSãSâ V ã ��� Únâ¢éSÚnÜdçBå[éBÞNÞ(ç�çSÝJì�Ú�Û�ã�ð�æ�ÝZã�âTÞ�Ú�â ÜBã�â Þ�ÚèhÛYÝWç�çBà[èYÚnå[åoãBã�é¢ínç ßÚnå2ç � Þ(Úlì�ç�ÚnÜdÚ�Únå[ì�ÚnàoÞ¢Únâ V ßãSå[à\ÛWÚnà\ÛaÜSãSâîÝWà[Ü"à[Ú�ÝYß�ã+ÛWÚ�Ý ê2ãSå[è�ç � Þ�Úð�õ(èYà[èYë�ì�Ú�Únâ�ëZì�Únû>à[èYëZì�Ú�Ú�àoéSÚnâ�èYëZìTã ��� Únâ�ÜBã�âaÞ�Ú<æcç"Þ�Únûÿ<û�Þ�ã�ÛJì�Ú�ÛJâ�à[Ú�ÛJû>çBéSÚnå[à á V ßãSèaçSû ÚnÚ�â Únâ V Ú�åoÚ � åñã�â�ÛZãSéBÚ�ÛWÚQæcÚnèhÛWäTÞ(Ú�ÝWÚnâ ÜSãSâTã+ð�ì�Ú�Û

� åñã�â�ÛWÚnâ#ÛWçSÛkãSãSâ¨Þ�Ú V ã � ÜBã�âïì�Ú�Û�ÜdçSå\ß�ãSèYèYÚ�â�æcçBè�âTã#÷ ]��"� ý>áhãBã+Ý ê�ßÚ�ÝZÞïÚnÚ�âïèYÚ�ÝWà[ÚJæcçSèYèYÚnâÜSãSâyÜdÚ�ÝWèYëZì�à[å[åoÚ�âTÞ�Ú>çSäTÞ(Ú�ÝZÞ�çSû�éBÚnèYÚ�åoÚ�ë�ÛWÚnÚ�ÝZÞïçSû Þ�Ú V ÝWà[â�éBå[ç � ÚnâïÜSãSâyßã�ÛWÚ�Ý X Únâyâ(ä(ÛYÝWà��Únâ�ÛWÚnâÛWÚaæcÚ�èhÛWäTÞ�Ú�ÝWÚnâ ÛWà áYÞ(Únâ�è>ÜBÚ�ÝWèYë�ì�à[åoå[Únâ�Þ�ÚaðöãSèYÚnâ¢à[âîÞ�ÚaçSâ"Û�ßgà V(V Únå[àoâ�é#ÜSãSâîÞ�Ú � åñã�â�ÛZãSéBÚ�ôpÙ<ãSèYÚÚnâ-ó
�çSåoèhÛWÚ�Ý ê�÷nøBü ����� ÝWä�à áhâ�ínÚnÚnåpê�÷ øSü$�Bã �c� ì�çBå[í����L� #V� êc÷ øBü ùBú þ'Ù2õ�Þ"ÝWçBå[çBéSàoèYëZìsê"ì�õ�Þ(ÝWç�ëZì�Ú�û>àoèYëZìsêû>à[ë�ÝWç X û>Ú�ÛWÚnçSÝWçSåoçSéBà[èYëZì>ÚnâqÚnë�çBå[çBéSàoèYëZì�çBâ�Þ�Ú�ÝWínç�Ú V ßLÚ�ÝZÞqÜdÚ�ÝYÝWà[ëZì�Û�àoâqÚnÚnâ�é�ÝZãSèYåoãSâ�Þ�æ�à á���ã�æcçBä�êà[âaÞ(Ú�ínÚnè�áhãBã�Ý2çBä�Þ�ÚE�sä�åoãSèYÚ�ßã � åoãSâ�ÛZã�éBÚBê�à[âlÞ�Ú�Ú�å[ð�áYãBã+Ý<çSäTÞ(Ú�+$çSÝWç V ä�åoã � åoãSâ�ÛZã�éBÚ$ÚnâJàoâ�Þ�ÚÜ"à á ðñÛWàoÚ�â<áYãSã�ÝGçBäTÞ(Ú�+$çSÝWçSû�ãSâ�à � åñã�â�ÛZãSéBÚ�éSÚ Þ�ä(ÝWÚnâTÞ(ÚgÞ�Ú � Ú�ÝWàoç"Þ(Ú�â�ç+ÜdÚnûkæcÚ�Ý÷nøBüBø<ÛWç�Û'ç V ÛWçBæcÚ�Ý÷nøBø(÷Sê�Únâ à[â ì�Ú�Û-ÿ<å[ÚnçBå[ÚnéBãïèhÛYÝWç�çBû>éSÚnæ�à[Ú Þ�ÛWä�èYèYÚnâB�JáhãSâ"äTã+ÝWà$÷ øBøSý#Únâ ù ã � ÝWà[å$÷ øBø"÷BþîÙ<Ú�Ûÿ<å[ÚnçSåoÚ�édã�èhÛYÝWç�çBû>éBÚ�æ�à[Ú Þ#ß�ã�èqà[â ÷ ø$, ù ãBã�â�éBÚ � åoãSâ�Û�û>Ú�Û��
	���"�I�%�h��	��%������ÚnâïßÚ�ÝZÞ�à[â¢÷ øSø(÷éSÚ V ã � ÛPÚnâJÜdÚ�ÝWæ�ÝZã�âTÞ-âTãBÞ�ã�ÛPì�Ú�Û2æcçSègéSÝWçSÛWÚ�èYëZìTãSÞ�Ú$ìTãSÞ�çBâ�Þ�Ú�ÝWÜBçBâTÞ(Únâ-ÜBã�âaë�õ(ënå[ç�çBâ��"à[âTãqà[ââ�ç�ÜBÚnûqæcÚ�Ý�÷nøBøBý"þ f Ú�ínÚkë�õ�ë�åoç�çSâ�æ�å[ÚnÚ V Ú�Únâ�éSÝWçSÛWÚ�à[â"Ü(å[ç�Ú ÞaÛWÚ�ì�Únæ�æcÚnâlç � Þ(Úkì�õ�Þ(ÝWçSå[çBéBà[Ú�Únâç � Þ�Ú$â"ä�ÛYÝWàz�Únâ�ÛWÚnâ V ÝWàoâ�éBå[ç � Ú�âaÜBã�âaã�åoå[Ú�æcÚnèhÛWäTÞ(ÚnÚ�ÝZÞ(Ú$æcçBèYèYÚnâ�þ f Ú$çSâTÞ�Ú�ÝWínç�Ú V èYå[ç V ã�ÛWà[Únè<åoã�éBÚnâã�åoå[Únû�ãSãSå"à[âkì�Ú�Û��<ãSæcçSä � åñã�â�ÛZãSéBÚGéBÚnæ�à[Ú Þ-ôpì�Ú�ÝWæcÚnæcçSèYèYàoâ�é<ÜSãSâ�ã�ð�÷ ø', ùBú à[â�ínä�àoÞ(ßLÚnèhÛ / à[ÛWà 1 ÚnÜ"äô§ó@à[éBä�ä�Ý � þ �Sú þ f Ú�ÝWÚnèYä�å\ÛZã�ÛWÚ�âsêdÜBÚ�Ý V ÝWÚnéBÚnâqÜdç�çSÝLÞ�Ú�ÜdÚ�ÝWèYë�ì�àoå[å[Únâ�Þ�ÚgçBâ�Þ�Ú�ÝWínç�Ú V èYå[ç V ã+ÛWàoÚ�ènê"ínä�å[å[Únâì�àoÚ�ÝWâTã�àoâ�ì�Ú�Û V ç�ÝYÛæcÚnè � ÝWç V Únâ>ßLçSÝZÞ�Ú�âsþ �PÚnå[ÚnÜBã�â�ÛWÚ2à[â�ð�çSÝWû�ã+ÛWàoÚ2ç+ÜdÚ�ÝgÞ(Ú2Únà[éSÚnâ�èYëZìTã ��� Únâ-ÜBã�âÞ(ÚÜdÚnéSÚ�ÛZã�ÛWà[Ú�ç � Þ�ÚÜBÚ�ÝWèYë�ì�à[åoå[Únâ�Þ�Úå[ç V ã+ÛWàoÚ�è�ÛWÚ�âkÛWà áYÞ(Ú�ÜBã�âqÞ(ÚèhÛWäTÞ(àoÚLàoè�éSÚnéBÚnÜBÚnâ�à[â��@ã�æcÚnå � ý(þ[÷
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éSÝWçSâTÞ�èYÚ�Þ�ÚnÚnå�ÜSãSâQì�Ú�Û�éSÝZãSè�é�ÝWçSÛWÚnâ�Þ�ÚnÚnå[è�ã�ð�èhÛWÚ�ÝYð�Û�ÛWà áYÞ(Únâ�è$ì�Ú�Û�Þ(ÝWçSéBÚ�èYÚ�àoí�ç�Únâsþ-ÿ<û�Þ�ã�Û�ßã XÛWÚ�ÝYÛWÚ V ç�ÝYÛWÚnâ�ÛWÚnâléSÚnÜdçSåoéSÚkÜSãSâlì�Ú�ÝWæcÚnæcçSèYèYàoâ�é�ÜBã�â�Þ�à\ÛPèYç�çSÝYÛ$é�ÝZãSèYåoãSâ�Þ�Únâ>áhä�à[èhÛ<ÛWà áYÞ(Únâ�è2Þ(ÝWçSéBÚ
� Ú�ÝWà[ç"Þ�Únâ-Üdç�ç�Ý V çBû>Únâ�ê�ßÚ�ÝZÞ(Únâ-û>Ú�ÛWà[â�éBÚ�âJà[â-ì�Ú�Û�é�ÝZãSèYåoãSâ�ÞJÜdç�ç�ÝWâTã�û>Únå[à á V ÛWà áhÞ�Únâ�èì�Ú�ÛgÞ(ÝWçSéBÚèYÚnà[ínç�ÚnâlÜSãSâQ÷ øBø"÷�ÜdÚ�ÝYÝWà[ë�ì�Û þ -�â�ÛWÚnéBÚ�â�èhÛWÚnå[å[à[â�é�ÛWçSÛ2Þ(Ú$éSÝZãSèYåoã�âTÞ�ÜBÚnéBÚ�ÛZã+ÛWà[Úkà[è2Þ�Ú�é�ÝWç�Únà@ÜSãSâaÞ(ÚÞ�Únâ�â�ÚnæcçSèYèYÚnâ#èYå[ÚnëZì�ÛWèkà[âyínÚnÚ�ÝkéBÚ�ÝWà[â�éBÚ�û�ã�ÛWÚ�èYÚ�àoí�ç�Únâ�èYéSÚnæcçBâ�Þ�Únâ�ÚnâïÞ�ÚnínÚ>æcçSèYèYÚnâïÜdÚ�ÝYÛWçBâ�Ú�âéBÚ�ßLç�çBâ�åoà á V ÚnÚnâ ì�çSéBÚlæ�à[çSû�ãSèYèWã � ÝWç"Þ�ä V ÛWà[ÚaÜSãSâ�ã�ð$ì�Ú�Û � åoã�â"ÛWÚ�â ÛWçSÛ-ãSãSâ¢ì�Ú�Û>Únà[â�Þ ÜSãSâ¢Þ(ÚÝWçSÛZã+ÛWàoÚ$â�ãJ÷ ]��"� ý<áYãBã+Ý þ
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f Ú'æcÚnèhÛWäTÞ(ÚnÚ�ÝZÞ�Ú'æcç"Þ�Ú�û>è8çBâ�Þ�Ú�Ý@éSÝZãSè�Ú�âkÞ(Únâ�â�Únâ"æcçBèsÜdÚ�ÝWèYëZì�à[åoÞ�ÚnâkãBã�â�û>Ú�Ý V Ú�åoà á V à[âkì"ä�â�ðñõ(èYàoè Xë�ì�Ú�Únâ�ëZì�Únû>à[èYëZì�Ú�Únà[éSÚnâ�èYëZìTã ��� Únâ�êdß�ã+ÛLÜdç�ç�ÝWâTã�û>Únå[à á V ÛWÚ�ßgà á ÛWÚnâ�ßãSèLãBãSâ>ÜBÚ�ÝWèYë�ì�à[åoå[Únâ>à[â�ì�Ú�ÛçBâ�Þ�Ú�ÝWå[à[éBéSÚnâTÞ(Ú�éBÚnèhÛWÚ�Únâ�ÛWÚqô§Þ�ã�ënà[Ú�Û ê�ãSâTÞ(ÚnèYà[Ú�Û�Únâ-æTã�èWãSå\Û � Þ(àoãSæTãSãSè ú Únâ-ÜdÚ�ÝWèYëZì�à[å[åoÚ�âJà[âJÞ�Ú<û�ã+ÛWÚÜBã�â ÜBÚ�ÝYßÚ�ÝWà[â�é#Únâ Ú�ÝWçBèYà[ÚBþNÿ � æTã�èYà[è-ÜSãSâ Þ�ÚJÜdÚ�ÝWí ã�û>ÚnåoÞ�ÚaéSÚnéBÚ�ÜdÚnâ�è V çBâTÞ(Únâ Þ�Ú�æcç"Þ(Únû>èéBÚ V åoãSèYèYà���ënÚnÚ�ÝZÞ ßç�ÝZÞ�ÚnâÈãSå[è�¢�çSåoå[à[èYçBå[è ô���ã�æcçBäòéSÝZã�èYåñã�âTÞzêE�8ä�åñã�èYÚ�ß�ã Únâ*+$çSÝWç V ä�åoã � åñã�â XÛZãSéSÚnæcçBèYèYÚnâ ú Ú�âlÿ�£(à[èYçBå[èkô�+$ç�ÝWçBû�ã�â�à � åoãSâ�ÛZã�éBÚ ú ê�û>Ú�ÛgÚnÚnâ-ÝWÚ Þ�Únå[à á V Ú-ô�+$ç�ÝWçBû�ã�â�à ú ÛWçSÛPéBç�ÚnÞ�ÚÜ�ÝWä�ëZì"ÛWæ�ãBã+ÝWì�ÚnàoÞ�ô��8ä�åoãSèYÚ�ß�ã ú þ f Ú�æcç"Þ(Únû>Únà[éBÚ�â�èYëZìTã ��� ÚnâqÜBÚ�ÝYÛWç�çBâ�Þ�ÚnâkÚnÚnâ�é�ÝWçSÛWÚ�ÝWä�à[ûkÛWÚ�åoà á V ÚÜdÚ�ÝWèYëZì�ÚnàoÞ(Únâ�ì�ÚnàoÞQà[â#ì�Ú�Û�ÿ<å[ÚnçSåoÚ�édãaèhÛYÝWç�çBû>éSÚnæ�à[Ú Þzê@û�ãSã�Ý�ç � æTã�èYàoè�ÜSãSâ�ÛWÚ�£"ÛWä�ä(Ý ê8Þ(à[Ú � ÛWÚ�Ú�âV åoÚ�ä�Ý V çBâ�Þ�Únâ�Û�ßÚnÚ'éSÝWç�Ú � Ú�â�ßLçSÝZÞ�Ú�â�çSâTÞ(Ú�ÝWèYë�ì�ÚnàoÞ�Únâ�ê�Þ�à[Ú'éBÚ�ÝWÚnåoã+ÛWÚnÚ�ÝZÞ�ßã�ÝWÚnâ�ãSãSâ�ÜdÚ�ÝWèYëZì�à[å[å[Únâà[âïì�Ú�Û�çSâTÞ�Ú�ÝWåoà[éSéBÚnâ�Þ�Ú-éBÚnèhÛWÚnÚ�â"ÛWÚ�ô§Þ�ãSënà[Ú�Û � ÛYÝZãSëZì�à[Ú�Û�ç�ðgæTã�èWãSå\Û � Þ(àñã�æTãSãSè ú þ f Ú>æcç"Þ�Ú�û à[â�Þ(Ú+$çSÝWç V ä�åoã � åñã�â�ÛZãSéBÚGß�ãSè'Þ(ä�â�ôpÜdÚ�ÝYßLÚnÚ�ÝZÞ�û>ç�Ú Þ�Ú�ÝWéSÚnèhÛWÚnÚnâ�ÛWÚç � �Sý � üBý�ënûvÞ�à[Ú � ÛWÚ ú Únâ�æcÚnÜBã+ÛYÛWÚéSÝWç�ÛWÚPì�ç�ÚnÜdÚnÚ�åoì�Ú Þ�Ú�â�èhÛWÚ�Ý V ÜdÚ�ÝYßÚ�Ú�ÝZÞ�ÚgéBÚ�èhÛWÚnÚnâ�ÛWÚnû>à[â�Ú�ÝZã�å[Únâ�ß�ã+ÛLÚ�ÝWç � Þ�ä�àoÞ�Þ�ÚgÞ�ã�ÛGÞ�Úgæcç"Þ(ÚnûÝWÚnåoã�ÛWà[Ú�ð�á çBâ�éJß�ãSènþ f Úqæcç"Þ�Únû®ÜSãSâ#Þ�Ú��8ä�åoãSèYÚ�ßã � åoãSâ�ÛZãSéSÚ�ß�ã�è�ßã�Û�ÜdÚ�ÝZÞ(Ú�Ý�ÜdÚ�ÝYßLÚnÚ�ÝZÞyÚ�âß�ã+Û�Þ�à[Ú � Ú�Ý�ôpû>ç�Ú Þ(Ú�ÝWéBÚnèhÛWÚ�Únâ�ÛWÚ<ç � üSý � ÷ ù ý�ënû Þ(à[Ú � ÛWÚ ú ê�ÛWÚ�ÝYßgà á å�Þ�à[Ú2ÜSãSâ�Þ(Ú�+$ç�ÝWçBû�ã�â�à � åñã�â XÛZãSéSÚ<ì�Ú�Ûû>ÚnÚnèhÛÜdÚ�ÝYßÚ�Ú�ÝZÞ�ß�ãSè�Ú�â-ßLÚnà[â�à[ékéSÚnèhÛWÚnÚnâ�ÛWÚnû>à[â�Ú�ÝZãSå[Únâ-æcÚnÜSã�ÛYÛWÚBþ f ÚPæcç"Þ�Ú�û>èLà[âJì�Ú�Ûÿ<å[ÚnçBå[ÚnéBã�èhÛYÝWç�çSû>éBÚnæ�à[Ú Þ�ÜdÚ�ÝYÛWç�çBâ�Þ�Únâ#ÚnÚnâ�éSÝWç�ÛWÚ-ÝWä�à[ûkÛWÚnå[à á V Ú>ÜSã�ÝWàoã+ÛWàoÚSþ f Ú�æcç"Þ�Únû>è�ç � Þ(ÚÝWä�éSéBÚnâJàoâJì�Ú�Ûâ�ç�çSÝZÞ(Únâ�ÜSãSâ-ì�Ú�ÛgèhÛYÝWç�çBû>éBÚ�æ�à[Ú Þyôpç � Þ�ãSënà[Ú�ÛWéSÚnèhÛWÚnÚnâ�ÛWÚ ú ß�ã+ÝWÚnâaÜdÚ�ÝWéBÚnå[à á V æTãSã�Ýû>Ú�Û<Þ�à[ÚqæcÚnèYëZì�ÝWÚ�ÜdÚnâlÜdç�ç�Ý$ì�Ú�Û � åoãSâ�ÛZã�éBÚnæcçSè$æ�à á¤+$ç�ÝWç V ä�åoã"ê�ÛWÚ�ÝYßgà á å'Þ�à[Úqç � Þ(Úqì�Únå[åoà[â�éBÚnâQà[âì�Ú�ÛGínä�àñÞ(Únâlôpç � æ�ãSèWã�å[Û � Þ�àoãSæ�ãBã�è�éBÚnèhÛWÚnÚ�â"ÛWÚ ú ÜdÚ�ÝWéSÚnå[à á V æTãSã�ÝLßã�ÝWÚnâ�û>Ú�ÛLÞ�Úgæcç"Þ(Únû>èGçSâTÞ(Ú�ÝÞ(ÚæcçBèYèYÚnâ�æ�à á¥�8ä�åñã�èYÚ�ß�ã�Ú�â¦+$çSÝWçSû�ãSâ�à§þf Ú'æcÚnèhÛWäTÞ(ÚnÚ�ÝZÞ(Ú'æcç"Þ(Únû>èsßã�ÝWÚnâ�éSç�Ú Þ�éSÚ Þ(ÝZã�à[â�ÚnÚ�ÝZÞzê�û>Ú�ÛsÝWÚ�åñã+ÛWà[Ú�ðTì�çBéBÚ'ÜdÚ�ÝWínãBÞ�à[éBÞ�ÚÞ(ç�çSÝ Xåoã�ÛWÚnâ�Þ�ì�ÚnÞ�Únâ¨à[â¢Þ(ÚJÛWç � åoãBãSé(ê�Únâ åoãSéBÚaÛWç�Û�ínÚnÚ�Ý�åñã�éBÚaßãBã�ÝZÞ(Únâ¢Þ(à[Ú � Ú�Ý�à[âîÞ(Ú�æcç"Þ(Únûaþ f Úæ�ä�å V Þ(àoëZì�ÛWì�Ú Þ(Únâ�ÜBã+ÝWà[ÚnÚ�ÝZÞ�Ú�âaÜBã�âaý"þ ø$,qÛWçSÛ�÷Bþ[÷ ] éqënû `cb à[âlÞ(Ú<ÛWç � åñãSãSé(êcÚnâaâ�ãSû>Únâ�ÛWç�Ú�û>Ú�ÛÞ�Ú�Þ�à[Ú � ÛWÚJÛWçSÛl÷Bþ[÷ � ÷Bþ ù éïënû `Tb þ*�På[åoÚ�æcç"Þ�Únû>è>ì�ãBÞ�Þ(Únâ ì�çBéSÚ � çSÝWçSèYà[ÛWÚ�à[ÛWÚ�âsêgínç ßÚ�å2à[â¢Þ(ÚÛWç � åñãSãSélô�� ]b�(ù ÷ e�ú êcãSå[è<Þ(à[Ú � Ú�Ý2àoâaÞ�Ú$æcç"Þ�Ú�û®ô��Bø ��] � e�ú þ f Ú$ÜBÚ�ÝWèYë�ì�à[åoå[Únâlà[â�ðñõ(èYàoèYëZì�Ú�Únà[éSÚnâ XèYë�ì�ã ��� Únâsêcû>Ú�Û<â�ãSû>Ú�à[âyÞ(Úkæ�ä�å V Þ�à[ëZì"ÛWì�Ú Þ�Ú�âaÚnâ�ÜdÚ�ÝWí ãSÞ�à[édÞ(ÚqÞ(ç�çSÝWåoã�ÛWÚ�âTÞ�ì�Ú Þ�Ú�âsêcÛWä�èYèYÚ�âyÞ(ÚæcçBèYæcç"Þ(Únû>èqçSâTÞ�Ú�ÝWåoà[â�éQßã�ÝWÚnâ ÚnÜdÚnâ¨é�ÝWç�çSÛ>ß�ã+ÝWÚnâ ãSå[è�Þ�à[Ú�ÛWä�èYèYÚnâ Þ�Ú-æcç"Þ�Únû>èkçBâ�Þ�Ú�Ý>é�ÝZãSèÚnâlæcçBènþ f à[ÛPßÚ�Únè<Ú�ÝWç � Þ�ã�Û2Ú�Ý2éBÚnÚ�âQé�ÝWçSÛWÚ�ÜdÚ�ÝZã�âTÞ�Ú�ÝWàoâ�éBÚnâaßã�ÝWÚnâlç � éSÚ�ÛYÝWÚ Þ�Ú�â�ÛWÚ�âléBÚnÜdçSå[éBÚÜBã�â#ì�Ú�ÝWæcÚnæcçBèYèYà[â�é�þ�)�Ýkßã�ÝWÚnâïßLÚnåãSãSâ�ßgà áhínà[â�éBÚnâ Þ�ã+Û�Þ(Ú>ì�çSéBÚ�ÝWÚ>ßç�ÝYÛWÚnåoãSë�ÛWà[Ü"à\ÛWÚnà\Û�ÜSãSâ�Þ(ÚÞ�Únâ�â�Únâ�ÚnÚ�âJÜdÚ�ÝZãSâTÞ(Ú�ÝWà[â�ékàoâJÞ�Ú2èhÛYÝWä�ë�ÛWä�ä�Ý�ÜSãSâ-Þ(Ú�æcç"Þ�Únû4çBâ�Þ�Ú�ÝgÞ(Ú<ßç�ÝYÛWÚnåoÞ�à[Ú � ÛWÚ�ÜBã�âJé�ÝZãSèô � üBýqë�û ú ÛWç�ÛPéBÚnÜdçSå[é-ì�ãBÞzþ f à\ÛPà[âaÛWÚnéBÚ�â�èhÛWÚnå[å[à[â�é>ÛWçSÛ2Þ�Ú$æcÚ�Ü(à[â�Þ�à[â�éSÚnâaÜSãSâ 1 ã�ÛWìTã�û ôh÷ øBüh� úÚnâ � ãnõ(å[àoèYè X �"û>à[ÛWìòôh÷nøBü$� ú êÞ(à[Ú-ßLÚnåÜdÚ�ÝWæcÚ�ÛWÚ�ÝWà[â�éBÚ�â à[â Þ�Ú>ðñõ�èYà[èYëZì�ÚJÚnà[éBÚnâ�èYë�ì�ã ��� Ú�â ÜSãSâ¨Þ(ÚÛWç � åñãSãSéïÜSãSâ Þ(Úaæcç"Þ�Únû¶ÜdçBâ�Þ�Únâ¨âTãQì�Ú�ÝWæcÚ�æcçBèYèYà[â�éyÜBã�â é�ÝZãSèYåoãSâ�Þ�Únâ¢û>Ú�Û§�
	�����¦������	��%�����ç � ì�Ú�Û<Ú�àoåoã�âTÞ 1 ã V ÚnûkæTãqà[â�ó@à áhàpþ f Ú$éSÝWç�ÛWÚ�ÝWä�àoû�ÛWÚnå[à á V Ú�ÜSã�ÝWàoã�ÛWà[Ú�àoâ�Þ(Ú�Únà[éBÚnâ�èYë�ì�ã ��� Ú�âQÜSãSâæcç"Þ�Únû>è�à[â�í�ä�àoÞ(ßLÚnèhÛ / à\ÛWà 1 ÚnÜ"äqû�ãBã V Û�ì�Ú�Û'ÚnëZì�ÛWÚ�Ý'û>ç�Únà[åoà á V çBûÆÜBÚ�ÝZãSâ�Þ�Ú�ÝWà[â�éSÚnâqÛWÚnâqéBÚnÜdçSå[éBÚÜBã�â�ì�Ú�ÝWæcÚnæcçBèYèYà[â�éqÛWÚ$ÚnÜSãSå[ä�Ú�ÝWÚ�âaÞ�ç�ç�ÝPÚnÚnâaÜdÚ�ÝWéBÚnå[à á V à[â�é>ÜSãSâJéSÝZãSègÚnâ�æcçBèYæcç"Þ�Ú�û>ènþf Ú�æcÚnèYëZì�à V æTã+ÝWÚ�ì�ç�ÚnÜdÚnÚ�åoì�ÚnàoÞ�ß�ã+ÛWÚ�Ý�Üdç�ç�Ý � åoãSâ�ÛWÚnâ�ô ù ø � ÷ � ��û>û ú àoâ�Þ(Ú�Þ�ä�â�â�Ú$æcç"Þ(Únûô��Bý � üBý$ënû ú ÜSãSâ�Þ�Ú�+$çSÝWç V ä�åoã � åoãSâ�ÛZã�éBÚ�ß�ã�èGâ�àoÚ�ÛGÜBçBåoÞ�ç�Únâ�Þ�ÚgçBû©ÛYÝZã�â�è � à[ÝZã+ÛWà[Ú<Þ(ç�çSÝLÞ�ÚgÞ�Ú�â Xâ�Únâ�àoâlèhÛZã�âTÞ�ÛWÚ�ì�çSäTÞ(ÚnâaéBÚnÞ�ä�ÝWÚ�âTÞ�Ú�ÚnÚ�â�Þ(ÝWçBéSÚ � Ú�ÝWà[ç"Þ�Ú�àoâlû>Ú�àsÚnâ�á ä�â�àG÷ øSøBý"êzínçdã�åoè<æ�å[ÚnÚ Vä�à\ÛkÚnÚnâ¨ÜdÚ�ÝWì�ç�çBédÞ(ÚJèhÛYÝWç�çSà[èYÚnå � ÝWç"Þ�ä V ÛWàoÚ�àoâ Þ(ÚnínÚ � Ú�ÝWà[ç"Þ�ÚBþ ¥ ä�å V Ú�ßã�ÛWÚ�ÝYÛWÚ V çSÝYÛWÚnâ¨çSâ"ÛWèhÛWçSâ X
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Þ(Únâlâ�à[Ú�Û$ç � Þ�ÚkãSâTÞ(Ú�ÝWÚ�åoç V ã+ÛWà[Únènêzß�ãBã+Ý�Þ�Ú�æcçBèYèYÚ�â#ãSãSâ�éSÚ � åoã�â"Û<ß�ã�ÝWÚ�âQç � Þ�à V"V Ú�ÝWÚ�æcç"Þ�Únû>èû>Ú�Û�à[â�ì�Ú�ÝWÚnâ�Û�éSÝWç�ÛWÚ�ÝWÚ-ì�ç�ÚnÜdÚ�Únå[ì�Ú Þ(ÚnâïæcÚnèYëZì�à V æTãSã�Ý�ß�ã+ÛWÚ�Ýaô j ÷ ù ýaû>û ú Üdç�ç�ÝkÛYÝZã�â�è � à[ÝZã+ÛWà[ÚBþf à\ÛqçBâTÞ(Ú�ÝWèhÛYÝWÚnÚ � Û>ì�Ú�Û�æcÚnåoãSâ�é#ÜSãSâ Þ�Ú-æcç"Þ�Ú�û�Þ�à V ÛWÚJã�å[è>ÚnÚnâ æcÚ � ã�åoÚ�âTÞ�Ú�ðpã�ë�ÛWçSÝ�ôpâ�ãBã�èhÛ�Þ�Úâ�ÚnÚ�ÝWèYåoãSéSì�ç�ÚnÜdÚ�Únå[ì�ÚnàoÞ ú çSð�ÚnÚnâîæcçSè�ãSå2Þ�ã�âîâ�à[Ú�Û�çSâTÞ(Ú�ÝWì�ÚnÜ"à[éïí ã�å2í�à á â¢ãSãSâ � Ú�ÝWà[ç"Þ(àoÚ V Úaß�ã XÛWÚ�ÝYÛWÚ V çSÝYÛWÚnâ�þ¥�@Ú�ÝWà[ç"Þ�à[Ú V Ú�ßã�ÛWÚ�ÝYÛWÚ V çSÝYÛWÚnâ V ä�â�â�ÚnâJÜdÚ�ÝYß�ã�ë�ì�ÛPßç�ÝZÞ�Únâ�à[âlæcçBèYèYÚnâ�ãSãSâ�éBÚ � åñã�â�Ûç � æcç"Þ�Únû>è-Þ(ä�â�â�Ú�Ý-Þ�ã�â ù ýïë�û�Únâ ì�Ú�Û�û�ã�é�éBÚnÜBç�ÚnéBå[à á V ãBãSâ�éBÚnâ�çBû>Únâ¢ßLçSÝZÞ(ÚnâsêPÞ�ã�ÛJÞ�Ú
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�BýSýkÛWçSÛ¥�BýBýqû>ûIèhÛWÚnéBÚ�â�æ�à[â�â�Únâ-ínÚnè@áhãBã�ÝPâ�ãkÞ(Ú$ãBã�â � åoã�â"ÛgÜSãSâJÞ�Ú � åoãSâ�ÛZã�éBÚnæcçSèYèYÚnâsê�ÚnâÞ�ã�Û'Þ�ÚLÜdÚ�ÝZÞ�ã�û � à[â�éSè@ÜdÚ�ÝWå[à[ÚnínÚ�â>Þ�ãSã�ÝWâTã2û>àoâ�çSðTû>ÚnÚ�Ý�ënçSâ�èhÛZã�â"Û'æ�åoÚ�ÜdÚnâsþ f à\Û�í ãSå(çBâ�éBÚ�Û�ßgà á ðöÚ�åñÞå[ÚnàoÞ�Ú�âaÛWçSÛPÝWÚ Þ�ä�ë�ÛWà[Únè2ÜSãSâ�ÜdÚ�ÝWéBÚ�åoà á V æ�ã�ÝWÚ�éSÝWç�ç�ÛYÛWÚkà[âlÞ(Ú�ç ��� Ú�ÝWÜ"åoã V ÛWÚ�ßã�ÛWÚ�ÝWì�ç�ÚnÜdÚnÚ�åoì�Ú Þ�Ú�âlâTãì�Ú�ÝWæcÚnæcçBèYèYà[â�é>ÜBã�âaÞ�Ú�ínÚ$éSÝZã�èYåñã�âTÞ(ÚnâsþLÙ<Ú�ÛgÜdÚ�ÝWèYë�ì�àoå�à[â�ß�ã+ÛWÚ�ÝWÜdÚ�ÝWæ(ÝWä�à V ß�ãSèPÜdç�ç�ÝWâTãSû>Ú�åoà á V ÛWÚßgà á ÛWÚ�âlãBã�âaÜdÚ�ÝWèYëZì�à[å[å[Únâ�à[âaÞ(Ú�ÜdÚ�ÝWå[à[ÚnínÚ�âlÞ�ç�ç�ÝPÛYÝZã�â�è � à[ÝZã+ÛWà[Ú�ÛWä�èYèYÚnâJì�Ú�ÛPÞ(ç"Þ�Ú�é�ÝZãSègÚnâaÞ(Ú$ãSë XÛWà[Ú�ð'éSÝWç�Ú�àoÚ�âTÞ�ÚkÞ�Ú�â�â�Ú�âsþ / Ú�ÝWèYë�ì�à[åoå[Únâlà[âlâ�ÚnÚ�ÝWèYåoãSéSàoâ�ÛWÚ�ÝWë�Ú � ÛWà[Ú V ã�ÝZã V ÛWÚ�ÝWà[èhÛWàoÚ V ÚnâlÜSãSâ�Þ�Ú$Û�ßÚnÚÜdÚ�éBÚ�ÛZã+ÛWàoÚ�Û õ � Únâ�ínà á â-û>à[â�Þ�Ú�Ý'æcÚnåoãSâ�éSÝWà á V àoâ>ì�Ú�ÛLÞ(ÝWçBéSÚgèYÚnà[ínç�Únâsê"û�ãSã�Ý V ä�â�â�Únâ�ÚnÚ�â�ßÚnå�éSÝWçSÛWÚÝWçSåsè � Únå[Únâ�àoâ�ì�Ú�Û�ßã�ÛWÚ�ÝWÜdÚ�ÝWæ�ÝWä�à V ÛWà áYÞ(Únâ�ègì�Ú�Û2â�ã�ÛYÛWÚ�èYÚ�àoí�ç�ÚnâsþÙPõ�Þ(ÝWçBå[çSéBà[èYë�ì�Úaû>Ú�ÛWà[â�éSÚnâ àoâ ì�Ú�Û�ÿ<å[ÚnçBå[ÚnéBã#èhÛYÝWç�çBû>éSÚnæ�à[Ú Þ¨ßÚní�Únâ ä�à\Û�Þ�ã+Û>ì�Ú�Ûqß�ã�ÛWÚ�Ý XÜdÚ�ÝWæ�ÝWä�à V û>Ú�Û�, � ÷[� e Þ�ãSãSåoÞ�ÚkéBÚ Þ(ä�ÝWÚnâ�Þ�Ú�ÚnÚnâQÜ�ÝWà á<Þ(ÝWçSéBÚ � Ú�ÝWà[ç"Þ�Úqâ�ã-ì�Ú�Û V ã ��� Únâ�ÜBã�âlì�Ú�ÛÜdçSå\ß�ãSèYèYÚ�â æcçBè�Únâîì�Ú�Û�ÜdÚ�ÝWæ(ÝZãSâ�Þ�Únâ ÜBã�â¢Þ�Ú�èhÛYÝWç�çBà[èYÚnå[åoãBãSé¨ÛWÚnâ¢ç � ínà[ëZì�ÛWÚaÜBã�â¢Þ(ÚlæcÚnæcçBèhÛWÚèYà\ÛWäTã+ÛWà[ÚBþ��sç�ë�ì�ß�ã�è�Þ�ÚnínÚkéBÚ�ÝWà[â�éBÚqÝWÚ Þ(ä�ë�ÛWà[ÚkéBÚnâ�ç�ÚnéaçBû ÚnÚnâQèhÛWà áhéBà[â�éaÜBã�â ù ÷ e àoâyÞ�Ú�ß�ã+Û XÚ�ÝZã+ðöÜdç�Ú�Ý�ÛWÚ2æcÚ�ßLÚ�Ý V èhÛWÚnå[å[àoéSÚnâJÛWÚ�âJç � ínà[ëZì"ÛWÚPÜSãSâ-Þ�Ú2éBÚnû>ç"Þ(Únå[åoÚ�Ú�ÝZÞ�Ú<ã�ðöÜBç�Ú�Ý�Üdç�ç�Ý�ì�Ú�ÛæcÚnæcçBèhÛWÚèhÛYÝWç�çSû>éBÚnæ�àoÚnÞ�Üdç�çSÝÞ�ÚnínÚ�å[ðöÞ�Ú � Ú�ÝWà[ç"Þ�ÚBþgôpÙ2ç�çSðöÞ�èhÛWä V ÷ ùSú þ ¥ ç ßLÚnåcÞ�Úgû>à[â�à[ûkä�ûÆã+ðöÜdç�Ú�ÝWÚ�âsê(Þ�à[Ú
� ý � üSý e ì�çSéBÚ�Ýgßã�ÝWÚnâlÞ�ãSâ�Þ�Ú�éSÚnû>Ú�ÛWÚnâJû>àoâ�à[ûqä�û4ã�ð�Üdç�Ú�ÝWÚnâ�àoâ�Þ�Ú�æcÚ�æcçBèhÛWÚ$èYà\ÛWäTã+ÛWàoÚSê�Únâ�Þ�Ú
� àoÚ V ã+ðöÜdç�Ú�ÝWÚ�â�ß�ã+ÝWÚnâ�ãBã�â�û>Ú�Ý V Ú�åoà á V ì�çBéBÚ�Ý<â�ã�ì�Ú�Û V ã ��� Ú�â�ÜSãSâaì�Ú�ÛgæcçBèPÚnâaì�Ú�ÛPÜdÚ�ÝWæ�ÝZã�âTÞ(ÚnâÜSãSâkÞ�ÚGèhÛYÝWç�çBà[èYÚnå[åoãBãSé(þ�ÿ<û�Þ�ã�Û@Þ�Ú � Ú�ÝWàoç"Þ(ÚâTã V ã ��� Ú�â�Ú�âkæ(ÝZãSâTÞ(ÚnâkãBãSâ�û>Ú�Ý V Únå[à á V Þ"ÝWçBéSÚ�Ý�ß�ã�èÞ�ãSâ>éBÚ�ßç�çBâ�å[à á V ôöÛWçSÛZãSå[ÚPâ�ÚnÚ�ÝWèYåñã�é�ßãSè�üSü',�û>û¤àpþ � þ Üzþ�÷[��÷nü�û>û ú8V ä�â�â�Ú�â�éSÝWç�ÛWÚ�ÝWÚ2ÝWÚ Þ(ä�ë�ÛWà[Únèà[â�Þ�Ú�ÜdÚ�ÝZÞ�ãSû � à[â�é�ê�ÚnâléSÝWç�ÛWÚ�ÝWÚ�èhÛWà á éBà[â�éSÚnâQàoâ�Þ(Ú�Þ�Únæ�àoÚ�ÛWÚnâlÜdÚ�ÝYßãSëZì"ÛPßç�ÝZÞ�Únâlà[â�áhã�ÝWÚnâ�û>Ú�Ûâ�ÚnÚ�ÝWèYåoãSéSì�ç�ÚnÜdÚ�Únå[ì�Ú Þ(Únâ�Þ�à[ëZì"ÛWÚ�Ýgæ�à á�ì�Ú�Ûgåñã�â�éSÚ�ÛWÚ�ÝWû>à á â�éSÚnû>àoÞ�Þ�Ú�åñÞ(ÚBþ�LçSâ�ënå[ä�Þ�Ú�ÝWÚnâ�Þ V ä�â�â�Únâ ßÚlèhÛWÚnå[å[Únâsê2Þ�ã�ÛJÞ�Úaì"ä�àñÞ(à[éBÚlèhÛWäTÞ(à[Ú�ãBãSâ�ÛWç�çSâ"Û ê2Þ�ã�Û�ì�Ú�Û�ãSãSâ X� åñã�â�ÛWÚnâlÜBã�âq��	z����4������	��%����� � åoãSâ�ÛZãSéSÚnè<ç � èYÚnà[ínç�ÚnâTã�å[Ú�éSÝZã�èYåñã�âTÞ(Únâ�àoâ�ínä�àoÞ(ßÚ�èhÛ / à\ÛWà 1 ÚnÜ"äí ã�å8å[ÚnàoÞ�Ú�â�ÛWçSÛPÚnÚnâ�ÜdÚ�ÝWû>à[âTÞ(Ú�ÝWà[â�éqà[âlÞ(Ú<ß�ã+ÛWÚ�ÝZã�ð�Üdç�Ú�Ý êcÚ�âlÞ�ãSã�ÝZÞ�ç�ç�Ý2ÛWç�Ûgß�ã�ÛWÚ�ÝYÛWÚ V çSÝYÛWÚ�âsê�ÛWà á XÞ(Únâ�èGì�Ú�ÛLÞ(ÝWçSéBÚ<èYÚ�àoí�ç�Únâ�Þ(ç�çSÝLÜdÚ�ÝWì�çSéBà[â�é�ÜSãSâ�Þ�ÚPÜdÚ�ÝWå[à[ÚnínÚ�âJÞ(ç�çSÝÛYÝZã�â�è � à[ÝZã+ÛWà[ÚBê"Únâ>ß�ãSã�ÝWèYëZì�à Xá â�å[à á V ç�ç V ÛWà áYÞ(Únâ�è@ì�Ú�Û�â�ã�ÛYÛWÚLèYÚ�àoí�ç�Únâ>Þ�ç�ç�Ý'Þ�ÚGÜdÚ�ÝWèYëZì�à[å[åoÚ�âkà[âqà[â�ÛWÚ�ÝWënÚ � ÛWà[ÚGÛWä�èYèYÚnâqÞ(ÚLÜdÚ�éBÚ�ÛZã+ÛWàoÚÛ�õ � Ú�âsþÿ � ínà áhâlæcÚnä(ÝYÛPí ãSå@ì�Ú�Û V ã ��� Únâ�ÜBã�â�ì�Ú�Û<æcçSè<ãSãSâlì�Ú�Û2Ú�àoâ�Þ�ÜSãSâlÞ(Ú�ÝWç�ÛZã�ÛWà[Ú�éBÚnÜBçBå[édÞÞ(ç�çSÝ�ì�Ú�Û>ÜdÚ�ÝWæ(ÝZãSâTÞ(Únâ¨ÜBã�âîÞ(Ú�èhÛYÝWç�çSàoèYÚ�åoåoãSãSé¨å[ÚnàoÞ�Únâ ÛWç#ÜdÚ�ÝWì�ç�çBéBÞ�Úlã+ðöÜdç�Ú�ÝWÚ�âsþ¢ÿ<û�Þ�ã�Û�Þ�Úé�ÝZãSèYåoãSâ�Þ�ÜdÚnéSÚ�ÛZã�ÛWà[Ú�æ�à[â�â�ÚnâQÚnÚnâ � ãBã+Ý�û�ãBã�âTÞ�Ú�âyâ�ãJì�Ú�Û�æ�ÝZãSâ�Þ�Únâ�ÛWÚ�ÝWä�éBéBÚ V ÚnÚ�ÝZÞ�ß�ãSè�ÚnâyÞ�ÚÜdÚ�ÝWèhÛWçSÝWà[â�é�ÜSãSâ�Þ�Ú�æcç"Þ(Únû ÛWÚnâléBÚnÜBçBå[éBÚkÜBã�â�Þ�Ú V ã � â�à[Ú�Û2å[ÚnàoÞ�Þ�Ú�ÛWçSÛ2ç ��� Ú�ÝWÜ"åoã V"V àoéSÚqã+ðöÜdç�Ú�ÝÜSãSâ�ÝWÚnéSÚnâ�ß�ã�ÛWÚ�Ý�ç � é�ÝWçSÛWÚaèYëZìTãSãSåpê V ãSâ ÜdÚ�ÝYßãSëZì�Ûqßç�ÝZÞ�ÚnâîÞ�ã+Û>ì�Ú�Ûqß�ã�ÛWÚ�ÝWéBÚnæ(ÝWä�à V âTã�ì�Ú�ÛV ã ��� Únâc�+æ�ÝZãSâ�Þ�Únâ-çBâ�éBÚnÜBÚnÚ�ÝPéBÚnå[à á V í ãSå�ínà áhâ�ãSãSâlÞ�ã�ÛgÜSãSâJÜdç�çSÝ2Þ�Ú<ì�Ú�ÝWæcÚnæcçSèYèYà[â�é�þ
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f Ú � ÝWç"Þ�ä V ÛWà[Ü"à\ÛWÚnà\Û2ÜSãSâ�Þ�Ú$æcÚnèhÛWä�Þ�ÚnÚ�ÝZÞ�Ú � åñã�â�ÛZãSéBÚ�æcçBèYèYÚnâlß�ã�ègì�ç�çBé>à[âlÞ(Ú � Ú�ÝWà[ç"Þ�Ú�Üdç�ç�Ý<Þ(ÚÞ�ÚnèhÛYÝWä V ÛWàoÚ�ÚnâQçBâ�ÛWæ�åoãSÞ�Ú�ÝWà[â�éJÜBã�â#Þ(ÚqæcçSèYèYÚnâïÞ(ç�çSÝ$ë�õ(ënå[ç�çSâ²�(à[â�ã(êsínçdã�åoè�æ�åoà á V Û�ä�à\Û�Þ�Úkì�çSéBÚ�
��-$ß�ãSã�ÝZÞ(Únâ éSÚnéBÚ�ÜdÚnâ¨à[â��@ã�æcÚnå � ý"þ[÷Bþ f Ú-ÛWçSÛZãSå[ÚJæcç�ÜBÚnâ�é�ÝWçBâTÞ(èYÚJæ�à[çBû�ãSèYèWã�ÜSãSâ¨æcçBè�Ú�âçBâ�Þ�Ú�ÝWé�ÝWç�ÚnàGèhÛWÚ�ÚnéaÜSãSâïü�Û�ìTã `8r à[â.�<ãSæcçBäyéSÝZã�èYåñã�âTÞ#ÛWç�Û>÷ ù ý�Û�ì�ã `sr à[âïì�Ú�Û�Ü"à á ðñÛWà[Únâ�áYãSã�ÝçBä�Þ�ÚE+$çSÝWçSû�ãSâ�à8æcçBènþ f Ú$ç � â�ãSû>Ú$ÜSãSâlâ"ä�ÛYÝWàz�Únâ�ÛWÚnâJä�à\Û<Þ�Ú$æcç"Þ�Ú�û�ÜBç�çSÝ$Þ(Ú � ÝWç"Þ(ä V ÛWà[Ú�ÜSãSâæ�à[çBû�ã�èYèWãaß�ãSèkì�Ú�Ûkì�ç�çSéBèhÛkÛWà áhÞ�Únâ�è�Þ(Ú-èYâ�Únå[å[ÚJçSâ"Û�ßgà V(V Únå[àoâ�élÜBã�â�ì�Ú�Ûkâ"ä�ÛYÝWà��Únâ�ÛWÚnâ(ÝWà á V Ú V ÝWç Xâ�Únâ�Þ�ã V êzçSâ�éSÚnÜdÚnÚ�Ý�ínÚnèáYãSã�Ý�â�ã-ì�Ú�Û�ãBã�â � åñã�â�ÛWÚnâsê�ÚnâyÞ�ãSãSåoÞ�ÚkèYë�ì�Ú�Ý � â�ãBÞ�ã�Û$ì�Ú�Û V ÝWçBâ�ÚnâTÞ�ã Vínà[ë�ìlèYå[ç�ç�Û êsû>ÚnÞ�Ú�Þ�ç�ç�Ý�ì�Ú�Û�Ü�ÝWà á V çSû>ÚnâaÜSãSâlâ"ä�ÛYÝWà��Únâ�ÛWÚnâ�ôpÜdç�ç�ÝZãSå V ãSå[à[ä�û ú ÜSãSâ"ä�à\Û<Þ�Ú�çBâ�Þ�Ú�Ý XéSÝWç�Únàpê�ß�ãBã+ÝWÜBã�âlÞ�Ú$æcç+ÜdÚ�â�éSÝWçSâTÞ(èYÚ�æ�à[çBû�ã�èYèWã>Þ�ãSãSåoÞ�Ú�ÛWç�Û2çSâ�éSÚnÜdÚnÚ�Ý��kÛgì�ã `sr þ f Ú�ÜdÚnéSÚ�ÛZã�ÛWà[Úà[âîì�Ú�Ûº�<ãSæcçSäîéSÝZã�èYåoãSâTÞ¢æcÚ�ÜBã+ÛYÛWÚaçBâ�éBÚnÜdÚ�Ú�Ýº� ùyV éïì�ã `8r èhÛWà V èhÛWçSð�ê�� V é#ìTã `8r ðöçSèhðöç�Ý ê<ø ùV é�ìTã `8r2V ã�åoà[ä�ûaês÷ ]�V é�ì�ã `sr ë ã�å[ënà[ä�ûaê � ø V é>ì�ã `sr û�ã�éBâ�ÚnèYà[ä�û�Únâ �qV é>ìTã `8r û�ãSâ�édãBã�âsþ
� à áhæcÚnì�çSÝWÚnâ�Þ�Ú�ß�ãSã�ÝZÞ�Ú�â�Üdç�çSÝqì�Ú�ÛkÜ"à á�ð�ÛWà[ÚnâláYãSã�ÝqçBäTÞ(Ú§+$çSÝWçBû�ã�â�àGæcçBènê'æcÚ � ãSãSåoÞïà[â¨Þ�Ú � Ú XÝWà[ç"Þ�Ú>Üdç�ç�ÝZÞ�ã�Û�ë�õ�ë�åoç�çSâ³�(à[â�ãJèYëZìTãBÞ(Ú�ãBã�âïì�Ú�Û�æcçSè�ÛWç�Únæ�ÝZã�ë�ì�Û êsß�ã�ÝWÚ�â#ÝWÚnè � Únë�ÛWà[ÚnÜBÚnå[à á V»� � ù ê� �"ês÷[�$�(ês÷ ]Bù ê ù �(ê�Únây÷�� V é�ìTã `8r þ � ÚnÚnâJÜBã�âaÞ(Ú�æcÚnèhÛWäTÞ(ÚnÚ�ÝZÞ(Ú�æcçBèYèYÚnâJÛWç�çBâTÞ(Ú�ÛWÚ V Únâ�Únâ�ÜSãSââ"ä�ÛYÝWà��Únâ�ÛWÚnâ�ÛWÚ V ç�ÝYÛWÚnâsþ �sÚnâ�éSÚnÜdçBå[éSÚ�ÜSãSâaÞ�Ú<ÛWç�ÚnéSÚnæ�ÝZã�ë�ì�ÛWÚ�èYëZìTãBÞ(Ú�Þ�ç�ç�Ý2ë�õ�ë�åoç�çSâ��(à[â�ãkß�ã+ÝWÚnâÞ�Ú�æcç+ÜdÚ�â�éSÝWçSâTÞ(èYÚ�æ�à[çBû�ã�èYèWã�Únâyâ(ä(ÛYÝWà[Únâ�ÛWÚnâ�ç � èYåoãSéaà[â#Þ�Ú�æcçSû>Únâ#à[â#èYÚ � ÛWÚnûkæcÚ�Ý�÷ øSø(÷I�Sý eåoãSéBÚ�ÝgàoâJÞ�Ú¤�8ä�åoã�èYÚ�ß�ã � åoãSâ�ÛZãSéSÚ�Únâ�÷ ý e åoãSéSÚ�ÝPàoâJÞ�Ú;+$çSÝWçSû�ãSâ�à � åoãSâ�ÛZãSéSÚ<ÛWÚnâ�ç � ínà[ë�ì�ÛWÚ�ÜSãSâÞ�à[Ú$à[âqáYã�â"äTã�ÝWà'÷ øSøBý(þ f Ú�ë�õ(ënå[ç�çBâlìTãSÞaÞ�Ú�ÝWìTãSå[ÜdÚ$Ú�ÚnâaéSÝWç�ÛWÚ�àoâ"Ü"å[ç�Ú Þ�ç � Þ�Ú$æ�à[çSû�ãSèYèWã�ÚnâlÞ(Úâ"ä�ÛYÝWà��Únâ�ÛWÚnâ�ç � åoãSékà[âlÞ�Ú�æcçSèYèYÚnâsþf Ú>èhÛYÝWç�çSàoèYÚ�å � ÝWç"Þ�ä V ÛWà[Ú-Þ�ç�ç�ÝkÞ�Ú�Þ�Ú�â�â�Ú�âîôpÜdç�ç�ÝWâTãSû>Ú�åoà á V â�ãBãSåoÞ(Únâ ú ÜdÚ�ÝYÛWç�çBâTÞ(Ú>ÚnÚnâïèhÛWà XáhéSàoâ�é�û>Ú�Û�Þ�ÚkçBäTÞ(Ú�ÝZÞ�çSûºÜSãSâ�ì�Ú�Û$æcçBènêsû�ãBã+Ý�ß�ã�è$ç�ç V ã�ð�ìTã�â V Únå[à á V ÜSãSâQÞ�ÚqÞ�à[ëZì"ÛWì�ÚnàoÞQÜSãSâì�Ú�Û<æcçBè�Ú�âyÜSãSâ�æcç"Þ�Ú�û>Únà[éBÚnâ�èYë�ì�ã ��� Ú�â ôpû>Ú�Û<â�ãSû>Ú�æcÚnèYë�ì�à V æ�ã�ÝWÚkì�ç�ÚnÜdÚ�Únå[ì�ÚnàoÞlß�ã�ÛWÚ�Ý ú þ f ÚáYãSã�ÝWå[à á V èYÚ$èhÛYÝWç�çBà[èYÚnå � ÝWç"Þ(ä V ÛWà[Ú�à[â�Þ(Ú � Ú�ÝWà[ç"Þ(Ú�Üdç�çSÝë�õ(ënå[ç�çBâ¦�(à[âTã�ÜBã+ÝWà[ÚnÚ�ÝZÞ�ÚPÛWä�èYèYÚnâ ù Û�ìTã `8rà[â�Þ�Ú4�8ä�åoãSèYÚ�ß�ã�Únâ�+$çSÝWçSû�ãSâ�à � åoãSâ�ÛZãSéSÚnè<Ú�âyø�Û2ìTã `8r àoâQÞ(Ú6+$ç�ÝWç V ä�åoã � åoã�â"ÛZã�éBÚBþ f Ú�â"ä XÛYÝWà��Únâ�ÛWÚnâ�ÛWç�ÚnÜdç�Ú�Ý<âTãBã+Ý�Þ�Ú�æcç"Þ�Únû à[âyèhÛYÝWç�çSàoèYÚ�åGÜdç�ÝWû�Þ�Ú�ÚnÚnâyãBã�â�ínà[Únâ�å[à á V Þ�ÚnÚnå�ÜSãSâQÞ(Úqâ�Ú�ÛYÛWçáYãSã�ÝWå[à á V èYÚ2ç � â�ãSû>Ú�Þ(ç�çSÝLÞ�ÚæcçSèYèYÚnâsê�û>Ú�Û�âTãSû>ÚLÜdç�çSÝG�ã(ê�¢�é�ê"¢�â�Ú�â � þ$)'ëZì�ÛWÚ�Ý êdì�Ú�Û'éSÝWç�çSÛ XèhÛWÚéBÚnÞ�ÚnÚnå\ÛWÚ�ÜSãSâ V ã�å[àoä�û V ÚnÚ�ÝZÞ�ÚLÛWÚ�ÝWä�é<â�ãBã�ÝGÞ(ÚæcçBèYÜ"å[ç�Ú�Ý'à[â�Þ�ç�ç�ÝWÜBã�å�Ú�âqèhÛZãSû�ã+ðöÜdç�Ú�Ý êdÚnâkâ�à[Ú�Ûà[â#ì�Ú�Û�èhÛYÝWç�çBà[èYÚnåpþ f Ú�èhÛWç�çBà[èYÚnå � ÝWç"Þ�ä V ÛWà[Ú>ÛWà áYÞ�Ú�â�è�Þ�Ú � ãSèYèWã�éBÚ�ÜBã�âyë�õ�ë�åoç�çSâ³�(à[â�ã-ß�ã�è�û>ÚnÚ�ÝÞ�ã�â�Û ßLÚnÚ�ô�+$çSÝWç V ä�åñã ú ÛWç�Û<Ü"à[Ú�Ýkô��8ä�åoãSèYÚ�ß�ã úgV ÚnÚ�Ý2Þ(Ú�â�çSÝWû�ã�åoÚ�áhãBã�ÝWå[à á V èYÚ � ÝWç"Þ�ä V ÛWàoÚ�ô§Þzþ ß$þ íBþà[âJáYã+ÝWÚnâ�ínçSâTÞ�Ú�Ý�ë�õ(ënå[çBâ�Ú�â ú þ f Ú>â"ä�ÛYÝWà��Únâ�ÛWÚnâ�ënçBâ�ënÚnâ�ÛYÝZã�ÛWà[Únè$à[âïì�Ú�Û$ÝWÚnåoã�ÛWà[Ú�ðPÜdÚ�ÝWèYÚqèhÛYÝWç�çBà[èYÚnåpêéBÚ Þ(Ú � çBâ�ÚnÚ�ÝZÞaÛWà áYÞ(Únâ�è$Þ(Úkë�õ�ë�åoç�çSâsê�ß�ã+ÝWÚnâyì�çBéSÚ�Ý�Þ�ã�âQÞ�à[Úqà[âQÞ�Ú�â�ç�ÝWû�ãSå[ÚqèhÛYÝWç�çSàoèYÚ�åoÜSãSåpþ f à\ÛÝWÚnèYä�å\ÛWÚnÚ�ÝZÞ�ÚPàoâ§� � � V ÚnÚ�ÝLì�çSéBÚ�ÝWÚ2Þ�Ú � çSèYà\ÛWàoÚ�èÜBã�â��kê��ïÚ�â�+ ô�+$çSÝWç V ä�åoã ú Únâ§��ô�� ú ÛWçSÛ<÷ný � ÷B÷ô��@ê?+ úV ÚnÚ�Ý2ì�çSéBÚ�ÝWÚkÞ�Ú � çBèYà\ÛWà[Únèqô��8ä�åoãSèYÚ�ßã ú à[âlèhÛYÝWç�çBà[èYÚnå�éSÚ Þ�Ú � çBâ�Ú�Ú�ÝZÞ�ÛWà áYÞ�Ú�â�è�Þ(Ú�ë�õ(ënå[ç�çBâsêÞ�ã�âaà[âlÞ�à[Ú$éBÚnÞ�Ú � çSâ�ÚnÚ�ÝZÞ�ÛWàoÞ(Únâ�èPÞ�Ú$éSÚnì�Ú�åoÚ�Üdç�ç�ÝZã�ðöéBãBã�âTÞ�Ú � Ú�ÝWà[ç"Þ�ÚSþ f Ú$èhÛYÝWç�çSàoèYÚ�å � ÝWç"Þ�ä V ÛWà[Úæ�å[ÚnÚ�ð@åñãSãSé>â�ã�Þ�Ú�çSâ�ÛWæ�åoãBÞ(Ú�ÝWà[â�é�ÜSãSâ�Þ�Ú$æcçBèYèYÚ�âlÞ�ç�ç�Ý2ë�õ�ë�åoç�çSâ��(à[â�ã(þf Ú'ã�ð�æ�ÝZãSã V ÜSãSâ�ì�Ú�ÛsèhÛYÝWç�çBà[èYÚnå�ç � Þ(Ú�æcçBèYÜ"å[ç�Ú�Ý@ß�ã�èsÝWÚnåoã+ÛWàoÚ�ð�èYâ�Únåpê�û>Ú�Û�éBÚnû>Ú�ÛWÚ�â$éBÚ�ßgà[ëZì"ÛWèYÜBÚ�Ý Xå[àoÚ�ínÚnâQÜdç�çSÝ$â�ãBã�åñÞ(Únâ ôpàoâ�èhÛWç�çSàoèYÚ�åoínã V áhÚnè ú ÜSãSâ�çBâ�éBÚnÜdÚ�Ú�Ý�,�ý e ç+ÜdÚ�Ý<ÚnÚnâ � Ú�ÝWà[ç"Þ�ÚkÜBã�â¨÷nü ��� ýû�ãBã�âTÞ�Ú�âsþ¨ÿ<û>í�Ú�ÛYÛWà[â�éBèYèYâ�Únå[ì�Ú Þ(Únâsê'æcÚ�ÝWÚ V ÚnâTÞ¨ã�åoè>ì�Ú�Û�±�ä�çSÛWà��Únâ�Û�ÜSãSâ Þ�Ú�áYãSã�ÝWå[à á V èYÚlâTãSãSåoÞ XÜBã�å�Únâ Þ�Ú�ì�ç�ÚnÜdÚnÚ�åoì�ÚnàoÞ â�ãBã�åñÞ(Únâîç � Þ(Ú�æcçSèYéSÝWçBâ�ÞÈô�+ � êà[â�áYãSã�Ý `8r ú êGà[â¢Þ�Ú � Ú�ÝWà[ç"Þ�ÚJÜdç�çSÝÞ�Ú�çBâ�ÛWæ�åñãSÞ�Ú�ÝWà[â�é¨Þ�ç�çSÝ�ë�õ(ënå[ç�çBâm�(à[â�ãïÜBã+ÝWàoÚ�Ú�ÝZÞ�Únâ ÛWä�èYèYÚnâòý(þ �òô�+$çSÝWç V ä�åoã ú Ú�âòý(þ ] áYãBã+Ý `8rô�+$çSÝWçSû�ãSâ�à ú þ f Ú-ã�ðöæ(ÝZãBã V ÜBã�âïì�çSä�Û�ß�ã�èqÜdÚ�ÚnåLû>à[âTÞ(Ú�Ý�èYâ�Ú�å§ê'ãSãSâ�éBÚnínà[Únâ¨ÜdÚ�ÝYÝWçSÛkì�çBä(ÛqÜSãSâÚnÚnâ àoâò÷ øSü$�ïÜdÚ�ÝWâ�à[ÚnåoÞ�Ú � åoãSâ�ÛZãSéSÚlâ�çBéyèhÛWÚnÚ Þ(è>ç � Þ(ÚaæcçBèYÜ"å[ç�Ú�ÝJãBã�â�ßÚnínà[éïßãSè�à[âîì�Ú�Û>æcçBèæ�à á¥�8ä�åoãSèYÚ�ßã(þ f Ú$çSû>ínÚ�ÛYÛWà[â�éSèYèYâ�Únå[ì�ÚnÞ�Únâ�ßã�ÝWÚnâlÜBÚ�ÝWèYë�ì�à[åoå[Únâ�Þ�Üdç�ç�Ý�Þ(Ú$ÜdÚ�ÝWèYëZì�à[å[åoÚ�âTÞ�Ú$ÜBç�Ú Þ Xà[â�éBèYèhÛWç��zÚnâsþy¢�ÚnÚ�Ý-Þ�ãSâ ] ý e ÜBã�â¨ì�Ú�Û>ç�ç�ÝWè � ÝWçSâ V Únå[à á V à[âîÞ(Ú�â�ãBãSåoÞ(Únâ¢ãSãSâ�ßÚní�àoéSÚ V ã�å[àoä�ûß�ã�è>ä�à\ÛWéBÚnè � ç�Ú�åñÞ æ�à[â�â�Únâ Þ(ÝWà[Úaû�ãSãSâTÞ(Únâ¨âTã�ì�Ú�Û � åoãBã+ÛWèYÚnâîÜSãSâ Þ�ÚJèhÛYÝWç�çBà[èYÚnå[í ã V á Únè�ç � Þ(ÚæcçBèYÜ"å[ç�Ú�Ý þ f Ú�çBû>í�Ú�ÛYÛWà[â�éBèYèYâ�Únå[ì�Ú Þ(Únâ Üdç�çSÝ§��Únâ��ã(ê�Únâ à[âîû>à[âTÞ(Ú�ÝWÚ-û�ã�ÛWÚ�ÜBç�çSÝº¢�é#Ú�â�@ê8ß�ã+ÝWÚnâ¨ÜdÚnÚnåLåñã�éBÚ�ÝqÚnâ�û>à[âTÞ(Ú�Ý�Þ�ãSâ¨Þ(Ú-ì�Únå\ð�ÛqÜBã�â�Þ�Ú-ç�çSÝWè � ÝWçBâ V Únå[à á V Ú-àoâ�ì�çSäTÞïÜSãSâ¨Þ�Ú�ínÚÚnå[Únû>Únâ�ÛWÚnâlß�ã�è�çBû>éSÚnínÚ�Û�æ�à[â�â�Ú�âQÚ�Únâ-áhãBã+Ý�âTã-Þ�Ú � åoãBã�ÛWèYà[â�é�ÜSãSâQÞ�ÚkèhÛYÝWç�çBà[èYÚnå[í ã V á Únèkç � Þ(Ú
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æcçSèYÜ(å[ç�Ú�Ýkà[â�Þ�Ú�+$ç�ÝWçBû�ã�â�à � åoãSâ�ÛZã�éBÚBþ f ç�çSÝkÞ�Ú>çSâTÞ(Ú�ÝWå[àoâ�éBÚ�ÜdÚ�ÝWèYëZì�à[å[å[Únâ#ÛWä�èYèYÚnâ�Þ�Ú>æcçSèYèYÚnâV çSâTÞ(Únâ�éBÚnÚnâQÛYÝWÚnâTÞ(è�à[â#Þ(Ú�Þ(ÚnënçBû � çSèYà\ÛWàoÚ�èYâ�Únå[ì�ÚnÞ�Únâyû>Ú�Û$Þ(Ú�æcçBèYå[ÚnÚ�ðñÛWà áYÞ#æcÚ � ãBã�åñÞ�ßç�ÝZÞ�Únâ�êã�åså[ÚnÚ V ì�Ú�ÛgÚ�ÝWç � Þ�ã�Û2Þ�Ú�ã�ðöæ(ÝZãBã V ì�Ú�Ûgåñã�â�éSí ãBã�û>èhÛPßãSèPà[âaì�Ú�ÛgçSäTÞ(èhÛWÚ�æcçBènþ� Ú�éBÚnÜdÚ�â�è�ç+ÜdÚ�Ý�ì�Ú�Û<éBÚ�ßgà[ëZì"Û�ÜBã�âyÞ(ÚqèhÛYÝWç�çSàoèYÚ�åoåoãSãSélà[âQÞ�Ú��sä�åoãSèYÚ�ßã(ê½+$çSÝWç V ä�åoã-Únâ�+$ç XÝWçSû�ãSâ�à � åoãSâ�ÛZãSéSÚnè>ÜdÚ�ÝWí ã�û>ÚnåoÞ à[â Þ�Ú � Ú�ÝWà[ç"Þ�ÚaÜdç�ç�Ý�çBâ�ÛWæ�åoãSÞ�Ú�ÝWà[â�éQèYä�éSéBÚ�ÝWÚ�Ú�ÝZÞ�ÚlÚnÚ�â å[à[ë�ì�ÛWÚèhÛWà áhéSà[â�é¨à[âòÞ�Úlû�ãSèYèWãïÜSãSâîÞ�Ú�èhÛYÝWç�çBà[èYÚnå[åoãBã�éîû>Ú�Û-Þ(Ú�çBäTÞ(Ú�ÝZÞ�çSû�ÜBã�â¢ì�Ú�ÛJæcçSèyôpÜSãSâÈ÷ ý(þ ùÛ�ì�ã�ÛWç�Û�÷��"þ ù Û�ìTã `8r�ú þ®�8ÚnéSÚnå[à á V Ú�ÝYÛWà áhÞ�ÜdÚ�ÝZã�âTÞ�Ú�ÝZÞ�Ú�Þ(Ú<ënçSû � çBèYà\ÛWà[Ú�ÜSãSâJÞ�Ú<èhÛYÝWç�çSà[èYÚnå[åñãSãSé-Þ�à[ÚÜdç�ç�ÝWâTã�û>Únå[à á V æcÚnèhÛWçBâ�ÞQä�à\Û$éSÝZã�è�ÝWÚ�èhÛWÚnâyà[âyÞ�ÚPáhçBâ�éBÚ��sä�åoãSèYÚ�ßã � åoã�â"ÛZã�éBÚ�à[âQÚnÚnâQèhÛYÝWç�çBà[èYÚnå XåoãBã�éyÜBç�çSÝWâTã�û>Únå[à á V æcÚnèhÛZãSãSâ�Þ�Ú-ä�à\Û>Þ(Únâ�â�ÚnâTãSãSåoÞ�Únâ�à[â¨ì�Ú�ÛqÜdçSå\ß�ãSèYèYÚ�â¾+$ç�ÝWçBû�ãSâ�àæcçBènþ f Úé�ÝWçSÛWÚPì�ç�ÚnÜdÚ�Únå[ì�ÚnàoÞ�èhÛYÝWç�çBà[èYÚnåzéSÚ Þ�Ú � çSâ�ÚnÚ�ÝZÞ>Þ�ç�çSÝLë�õ(ënå[ç�çBâº�(à[â�ã$ÝWä�à[ûIÜBÚ�ÝZÞ�ä�æ�æcÚnåoÞ�ÚgÞ(Úgû�ãSèYèWãÚnâ�â"ä�ÛYÝWàz�Únâ�ÛWÚnâ�à[â�ì�çSäTÞ�ÜSãSâ�Þ(ÚkèhÛYÝWç�çSà[èYÚnå[åñãSãSélà[âQãSå[å[ÚqæcÚnèhÛWä�Þ�ÚnÚ�ÝZÞ�Ú � åoãSâ�ÛZãSéSÚnæcçBèYèYÚ�âsþ�ÿ<û�Þ�ã�Ûínä�å V Ú>ë�õ(ënå[çBâ�Únâ#ÝWÚnéSÚnå[û�ã�ÛWà[é�Üdç�çSÝ V çSû>Únâ#à[â¨Þ(Ú�ó@à á àLÚnà[åoãSâ�Þ�Únâ�í�à á â�éSÝWç�ÛWÚIª�ä�ë�ÛWä�ã�ÛWà[Únè�à[â�Þ�Úû�ã�èYèWãqÚnâ�â"ä(ÛYÝWà��Ú�â"ÛWÚ�â�à[â�ì�çBäTÞ�ÜSãSâaÞ(Ú�èhÛYÝWç�çBà[èYÚnå[åoãBã�é�û>çSéBÚnå[à á V æ�à[â�â�Únâ�Ú�ÚnâJÝWç�ÛZã�ÛWà[Ú � Ú�ÝWà[ç"Þ�ÚSþÿ<â�Þ�Ú�Ýâ�çSÝWû�ã�å[Ú2ßÚ�Ú�ÝWèYçBû>èhÛZã�âTÞ�à[éSì�Ú Þ(Únâyô§Þzþ ß$þ íSþ�éSÚnÚnâJë�õ(ënå[çBâ�Ú�â ú ÜSãSå\ÛgÞ(Ú�ã+ÛWû>çBèhðöÚ�ÝWàoèYëZì�Úâ"ä�ÛYÝWàz�Únâ�ÛWÚnâ�à[â(ÜBç�Ú�Ýqà[â ínä�àoÞ"ßÚnèhÛ / à\ÛWà 1 ÚnÜ"ä¨à[â ì�Ú�Û�åoãSéSÚ�ÝWÚaæcÚ�ÝWÚ�à V ÜSãSâ Þ(àoÚJéBÚnû>Ú�ÛWÚnâ¨æcç�ÜBÚnâÛYÝWç � à[èYë�ì�ÚkæcçSèYèYÚnâQç � ãSâ�Þ�Ú�ÝWÚ � åoãBã+ÛWèYÚnâ ô � ÝWä�à áhâ�ínÚnÚnåpê�÷ øSüBøSã(ê'÷ øBø"÷ ú þ�)�ëZì"ÛWÚ�Ý êcÛWà áhÞ�Únâ�è<ë�õ(ënå[ç Xâ�Únâ V ä�â�â�Únâ�ç�ënÚ ã�â�à[èYë�ì�ÚaÚnå[Únû>Únâ�ÛWÚnâ ôpí�çdãSå[è��<ã(ê
�Lå§ê�¢�é�êGÚnâ���ÿ � ú éBÚ Þ(Ú � çBâ�ÚnÚ�ÝZÞ�ßçSÝZÞ(Únâà[â Þ�Ú V ä�èhÛWéBÚnæ�à[Ú Þ�Únâ ôpÚ�â ßãBã�ÝWèYëZì�à á â�å[à á V ç�ç V ÜdÚ�ÝZÞ�Ú�Ýqåñã�âTÞ(àoâ�ßãBã�ÝYÛWè ú àoâ ì�ç�Ú�ÜdÚnÚnå[ì�ÚnÞ�Únâ Þ�à[ÚÜdÚ�Únå�éSÝWç�ÛWÚ�Ý$ínà áhâ#Þ�ã�âyÞ(Úqâ�çSÝWû�ãSå[ÚgáYãSã�ÝWå[à á V èYÚ-Þ(ÝWçBéSÚqÚnâQâTã+ÛYÛWÚqÞ(Ú � çBèYà\ÛWà[ÚBþ f ÚkÜdÚ�ÝWå[à[ÚnínÚnâQÜBã�âÜdç�ÚnÞ�à[â�éSèYèhÛWçh�zÚnâJàoâJÞ(ÝZã�à[âTãSéSÚ�ÜSãSâJÞ�Ú<çSâTÞ(Ú�ÝWínç�Ú V èYå[ç V ã�ÛWà[Únèßã�ÝWÚnâ-ÝWÚnåoã�ÛWà[Ú�ð�åoãBã�é�ê�û>Ú�Û�ä�à[ÛWí�çBâ XÞ(Ú�ÝWà[â�éqÜSãSâJÞ�à[Ú2Únå[Únû>Únâ�ÛWÚnâsê(Þ(à[Ú�Ü�ÝWà á V çBû>Ú�âJæ�à áLÜdÚ�ÝYßLÚ�ÝWà[â�éqÜSãSâ-ì�Ú�Û�éBÚnèhÛWÚ�Únâ�ÛWÚ�ô���ã"ê?¢�é(ê0�ã"ê�"àÚnâ¾��ÿ � ú þ / Ú�ÝWéBÚnå[à á V à[â�éQÜSãSâ¨Þ�ÚJã�ÛWû>çSèhðöÚ�ÝWà[èYëZì�ÚJâ(ä(ÛYÝWà��Únâ�ÛWÚnâ�à[â"Üdç�Ú�Ý�û>Ú�ÛqÞ�Ú-ÜdÚ�ÝWå[à[ÚnínÚnâ¨à[âÞ"ÝZãSà[âTã�éBÚ<èYä�éBéSÚ�ÝWÚnÚ�ÝZÞ(ÚBê(Þ�ã+Û
�kê���ê'+ÈÚnâº¢�â�ã�ënënä�ûkä�å[ÚnÚ�ÝZÞ(Únâ>à[â-Þ�ÚgæcçBèYèYÚnâ�ê"ÛWÚ�ÝYßgà áhåcâ�Ú�ä�ÛYÝZãSå[Úæ�äTÞ�éSÚ�ÛYÛWÚnâ-çSð V å[Únà[â�Ú�ÜdÚ�ÝWå[à[ÚnínÚnâ-ßÚ�ÝZÞ(Únâ�éSÚnënçSâ�èhÛZã�ÛWÚ�Ú�ÝZÞ�Üdç�ç�Ý��ãqÚnâ¦¢�é�þ / Ú�ÝWì�ç�çBéBÞ�Ú�à[çSâ�Únâ XënçSâ�ënÚ�â"ÛYÝZã+ÛWà[ÚnèGßLÚ�ÝZÞ�Únâ>ßãBã�ÝWéSÚnâ�çSû>Únâ�à[â-ì�Ú�ÛGæcç"Þ�ÚnûkÜdç�ë�ì�Û'à[â-Þ�Ú � åoãSâ�ÛZã�éBÚnèâ�ã�Þ�ÚPÞ�Ú � çSèYà\ÛWàoÚÜSãSâyç�ënÚ ãSâ�à[èYë�ì�Ú-Ú�åoÚ�û>Únâ�ÛWÚnâ#ÚnâyéSÝWç�ÛWÚ-ì�ç�ÚnÜdÚnÚ�åoì�Ú Þ�Ú�â#ÜdÚ�ÝWè�èhÛYÝWç�çSàoèYÚ�å�Þ�ç�ç�Ýkë�õ�ë�åoç�çSâB�(à[âTã-ÚnâÞ(à[Û êzà[â�ënçSûqæ�à[â�ã�ÛWà[Úkû>Ú�Û<ÜdÚ�ÝWì�ç�çBéBÞ�ÚkÞ(ÝZã�àoâ�ãSéSÚnèYâ�Únå[ì�Ú Þ�ÚnâyÞ�ç�ç�Ý$ÜdÚ�ÝWû>à[â�Þ�Ú�ÝZÞ(Ú$â�ÚnÚ�ÝWèYåoã�éBà[â�ÛWÚ�Ý XënÚ � ÛWà[Ú�ÚnâQÛYÝZãSâ�è � à\ÝZã�ÛWà[ÚBê@ÝWÚnèYä�å\ÛWÚnÚ�ÝZÞ�ÚqàoâyæcÚnåoãSâ�éSÝWà á V éSÝWç�ÛWÚ�ÝWÚ�ÜdÚ�ÝWå[à[ÚnínÚnâyÜBã�âyâ"ä�ÛYÝWàz�Únâ�ÛWÚnâQû>Ú�Û
� Ú�ÝWë�çBå[Ú�ÝWÚnâ�Þ�æcç"Þ�Únû�ß�ã+ÛWÚ�Ýgà[âlÞ�Ú � Ú�ÝWàoç"Þ(Ú�âTãqÞ(Ú$ë�õ(ënå[ç�çBâ�þf Ú<ã+ÛWû>çBèhðöÚ�ÝWàoèYëZì�Ú<â(ä(ÛYÝWà��Únâ�ÛWÚnâTÞ(Ú � çBèYà\ÛWà[ÚPßãSèâ�à[Ú�ÛÜdçSåoÞ�ç�Únâ�Þ�ÚPçBû|Þ(Ú2ç � â�ãSû>ÚgÜBã�â�Üdç�Ú Þ Xà[â�éSèYèhÛWçh�zÚnâ©Þ�ç�çSÝyÞ(ÚïèYâ�Únå[é�ÝWç�Únà[ÚnâTÞ(Ú æcçSèYèYÚnâsê�Þ(Úïà[û>û>çBæ�àoå[à[èWã�ÛWà[Ú�ÜSãSâÈÞ�Úní�Ú�èhÛWçh�zÚnâÈàoâvÞ�ÚèhÛYÝWç�çSàoèYÚ�åoåoãSãSé�ê�Ú�â#Þ(ÚqÜdÚ�ÝWå[à[ÚnínÚ�â#à[â � Ú�ÝWënçBå[Ú�ÝWÚnâ�ÞQßã�ÛWÚ�Ý$ÛWÚkënçBû � Únâ�èYÚ�ÝWÚnâ�þ f à[Û�åoÚ�àñÞ�Þ�Ú�Ú�ÝYÛWç�ÚBêÞ�ã�ÛqÞ�Ú-æcç"Þ�Únû ÚnÚnâ¨é�ÝWç�çSÛ>éSÚ Þ�ÚnÚ�å[ÛWÚ-ÜSãSâ¨Þ�Ú�æcÚnâ�ç"Þ�à[édÞ(ÚJÜBç�Ú Þ�à[â�éSèhÛWçh�zÚnâ¨Üdç�ç�Ý>Þ(Ú � ÝWç"Þ�ä V"XÛWà[ÚaÜSãSâ æ�à[çBû�ã�èYèWã#û>ç�ÚnèhÛ�å[ÚnÜdÚ�ÝWÚnâsêLínç ßÚnåPÜBã�â"ä�à\Û�Þ�Ú�æcç"Þ�Únû�ÝWÚnèYÚ�ÝWÜdÚnè>ã�åoè-Þ(ç�çSÝ-ÜdÚ�ÝYßLÚ�ÝWà[â�éÜSãSâ¨æcç"Þ�Ú�û X Únâ¨éBÚ�èhÛWÚnÚnâ�ÛWÚnû>à[â�Ú�ÝZã�å[Únâsþ ¥ çdã�åoè�ÝWÚ�Ú Þ�è�ÜBÚ�ÝWû>ÚnåoÞ#ß�ã�è�Þ�Ú-ç � â�ãSû>Ú-ÜBã�â¨Üdç�Ú Þ Xà[â�éSèYèhÛWçh�zÚnâ ì�Ú�Û>ì�ç�çSéBèhÛ�ÛWà áYÞ(Únâ�è�Þ�Ú�çSâ�Û ßgà V"V Únå[à[â�éQÜBã�â ì�Ú�Û V ÝWçSâ�Únâ�Þ�ã V çBâ�éSÚnÜdÚnÚ�Ý>ínÚnè<áhãBã+Ýâ�ãkì�Ú�Û � åoãSâ�ÛWÚnâ-Únâ�ßÚ�ÝZÞ(Únâ�Ú�ÝgàoâJÞ�Ú�ínÚ � Ú�ÝWà[ç"Þ�Ú�ãBãSâ�ínà[Únâ�å[à á V Ú$ì�ç�ÚnÜdÚ�Únå[ì�Ú Þ(ÚnâJâ"ä(ÛYÝWà��Ú�â"ÛWÚ�â�ãSãSâÞ(Úqæcç"Þ�Ú�ûºçBâ�ÛYÛYÝWç V(V ÚnâsþE�<ã-ì�Ú�Û�èYå[ä�à[ÛWÚ�â#ÜSãSâ�ì�Ú�Û�æ�åoãBÞ(Ú�ÝZÞ�ã V ê�ÚnëZì�ÛWÚ�Ý ê V ß�ã�û>Únâ�â(ä(ÛYÝWà��Únâ�ÛWÚnâôpÜdç�ç�ÝZãSå V ãSå[à[ä�û ú Ü�ÝWà áPä�à[Û�Þ�Ú�çBâ�Þ�Ú�ÝWé�ÝWç�ÚnàpêsÚ�âyÞ(ÚkçSâ�ÛYÛYÝWÚ V"V à[â�é>ÜBã�â(ä�à\Û�Þ(Úkæcç"Þ(Únû�ßãSè$Þ�ãBã+Ý XÞ(ç�çSÝ�åoãBã�é#à[â¢Þ(Ú � Ú�ÝWà[ç"Þ�ÚJÜBã�â í�Únè�ÛWçSÛ>Ú�å[ðGáYãSã�Ý-âTã � åoãSâ�ÛWÚnâ�þ f Ú�Ü�ÝZãBã�é#â�ãBã�Ý�â(ä(ÛYÝWà��Únâ�ÛWÚnâÜSãSâ"ä�à\Û�Þ(Ú�æcç"Þ�Ú�û�èhÛWÚnÚné�ßLÚnÚ�Ý�ß�ã+Û�à[â#çBä�Þ�Ú�Ý � åoãSâ�ÛZãSéSÚnæcçBènê�û�ãSã�Ý�æ�åoÚ�Ú�ð�åoãBã�élçBâTÞ�ãSâ V è<ÚnÚnâÝWÚnåoã+ÛWàoÚ�ð�ì�çBéSÚ � ÝWç"Þ(ä V ÛWà[Ú�çBû�Þ�ã�ÛgÚnÚnâ�éSÝWç�çSÛ<Þ�Ú�ÚnåzÜBã�âaÞ�Ú$ÜBç�Ú Þ�à[â�éSèYèhÛWçh�zÚnâ�ç � éSÚnâ�çSû>ÚnâJßLÚ�ÝZÞÜdç�ç�ÝJÞ�Ú � ÝWç"Þ�ä V ÛWà[Ú�ÜSãSâ â"ä�ÛYÝWà��Únâ�ÛWÚnâ X ã+ÝWû¶ì�çSä�Û þ � Ú�ÝWÚ V Únâ�Þ�ÚaÚ i ënà��Únâ�ÛWà[Ú X àoâ�Þ�Ú�£(ënà á�ðöÚ�ÝWè-Üdç�çSÝì�Ú�ÛgéBÚnæ(ÝWä�à V ÜBã�â�Üdç�ÚnÞ�à[â�éSèYèhÛWçh�zÚnâïô / à\ÛWçBä�èYÚ V êz÷nøBüh� ú Þ(ç�çSÝ2Þ�Ú<æcçBèYèYÚnâ�ÛWç�çSâTÞ(ÚnâaãSãSâsê�Þ�ã+ÛPÞ�ÚæcçSèYèYÚnâaínÚnÚ�Ý2Ú i ënà��Únâ�Ûgû>Ú�Û�èhÛWà V èhÛWçSð�Únâ-ðöçSèhðöçSÝ2çBû>éSà[â�éBÚ�âsê�Únâ�û>à[âTÞ(Ú�Ý�Ú i ënà��Únâ�Û2û>Ú�Û�ë ãSå[ënà[ä�ûaêû�ã�éBâ�Ú�èYàoä�ûÆÚnâ V ãSå[à[ä�ûaþ f Ú�Ú i ënàz�Únâ�ÛWà[Ú X à[âTÞ(Ú�£(ënà á ðöÚ�ÝWèGéSàoâ�éBÚnâ>èhÛWÚ�Ý V çSû>åñãSãSé(ê�âTãSÞ�ã�ÛLÞ�Ú�æcçSèYèYÚnâæcÚnèYëZìTãSÞ�à[édÞ�ß�ã�ÝWÚ�â�Þ�ç�çSÝGë�õ(ënå[ç�çBâ��(à[âTã"êdß�ã+ÛGÛWÚßgà á ÛWÚ�â>Ü(à[Únå�ãBã�â�Þ�Ú�éSÚ�ÝWà[â�éBÚ�ÛYÝZã�â�èYå[ç V ã�ÛWà[ÚgÜBã�âÜdç�ÚnÞ�à[â�éSèYèhÛWçh�zÚnâaÜBç�çSÝPì�Ú�ÛPã+ðöèhÛWç�ÛWÚnâlÜBã�âaÞ(Ú<ÝWÚnåoã�ÛWà[Ú�ðzáhçSâ�éSÚ$âTãBã�åoÞ�Únâ�þÙ2Ú�Û2Üdç�çSÝWéBãBãSâ�Þ�Ú�åoãBã�Û<ínà[Únâsê�Þ�ã�Û<Þ�Ú�Ú��zÚ V ÛWÚnâ�ÜBã�âlë�õ(ënå[ç�çBâ�èYëZìTãSÞ�Ú�ç � Þ(Ú V ÝWà[â�éSå[ç�ç � ÜBã�âÜdç�ÚnÞ�à[â�éSèYèhÛWçh�zÚnâ¨éSÝWç�ç�Û>ínà áhâ�ê'Únâ¨Þ�ã+Û�Þ(Ú-ì�ç�ÚnÜdÚnÚ�åoì�Ú Þ�Ú�â¨ÛWà áhÞ�Únâ�èqÞ(ÚJë�õ(ënå[ç�çSâ éSÚ Þ�Ú � çBâ�Ú�Ú�ÝZÞ�Ú
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Üdç�Ú Þ(àoâ�éBèYèhÛWç��zÚnâ ÜBçBåoÞ�ç�Únâ�Þ�Ú-ínà áhâ çBû Üdç�çSÝ>Ú�â V Únå[Ú�áYã�ÝWÚ�â à[â Þ�ÚJç � â�ãSû>Ú-ÜBã�â�ì�Ú�Û�ì�Ú�ÝWèhÛWÚnå Xå[ÚnâTÞ(Ú�æcçBè�ÛWÚ�Üdç�çSÝWínà[ÚnâîÜ(àoãyã�ðöæ(ÝZãBã V ÜSãSâ ì�Ú�Û�ÜdÚ�ÝWèYÚ�èhÛYÝWç�çSà[èYÚnåpþòÙ<Ú�Û>ð�Únà\Û êgÞ�ã+Û�ì�Ú�Û�ãSãSâ�ÛZãSåë�õ(ënå[çBâ�Únâ�àoâ�ÚnÚ�â�ÝWç�ÛZã�ÛWà[Ú � Ú�ÝWà[ç"Þ(ÚBê�Ú�âJÞ(Ú2Ú�ÜdÚnâ�ÛWä�Únå[ÚgèYëZìTãBÞ(Ú<Þ(à[Ú<ínÚgÛWç�Ú<æ(ÝWÚnâ�éSÚnâ-ãBãSâ-Þ(Ú � åñã�â XÛZãSéSÚnènêLçSâ"Üdç�çSÝWè � Únå[æ�ãBã�Ý�í�à á âsêGæcÚnû>ç�Únà[å[à á V Û>ì�Ú�Û�ç � èhÛWÚnå[å[Únâ ÜSãSâ¨ÚnÚ�â â"ä�ÛYÝWàz�Únâ�ÛWÚnâ"æ�äTÞ�éSÚ�Û�ç+ÜdÚ�ÝÚnÚnâ-ÝWçSÛZã�ÛWà[Ú�Üdç�ç�Ý<Þ(Ú � åoã�â"ÛZã�éBÚnæcçSèYèYÚnâlà[âló@à áhàpþf Úaæcç"Þ(Únû>è�à[â ínä�àoÞ(ßLÚnèhÛ / à\ÛWà 1 Ú�Ü(ä ínà áhâ ÝWÚnåoã�ÛWà[Ú�ð�Þ(ä�âsêGÚnâ ì�Ú�Û>ßLçSÝYÛWÚnå[èhÛWÚnå[èYÚnå2ÜBã�âîÞ(ÚÞ�Únâ�â�Únâ�ÝWÚnà V Û�ç+ÜdÚ�Ý>ì�Ú�Û-ãSå[éSÚnû>ÚnÚnâ ÛWçSÛ>à[â¢Þ(Ú�ínçSâ�Ú�ßãBã+Ý�ã�ë�ÛWà[ÚnÜdÚaÜBÚ�ÝYßÚ�ÝWà[â�é � åoãBã+ÛWèYÜ"àoâ�Þ(Û êínçdã�å[è>àoâ è � å[Ú�ÛWÚnâ Únâ èYë�ì�Únä�ÝWÚ�â à[â ì�Ú�Û>ÜBÚ�ÝYßÚnÚ�ÝZÞ�Ú�û>ç�ÚnÞ�Ú�ÝWéSÚnèhÛWÚnÚnâ�ÛWÚBþ f à\Û�ßgà áhèhÛ�Ú�ÝWç � Þ�ã�ÛÜdÚ�ÝYßLÚ�ÝWà[â�éaÚnÚ�â�æcÚnåoãSâ�é�ÝWà á V ãSãSâ�Þ�ÚnÚnå V ã�âïå[ÚnÜdÚ�ÝWÚ�âïÜBã�â�Þ�Ú>â"ä(ÛYÝWà��Ú�â"ÛWÚ�âsê�Þ(à[Ú-â�ç"Þ�à[élínà áhâ#Üdç�çSÝÞ�Ú-éSÝWç�ÚnàgÜSãSâ Þ�ÚJæcçBèYèYÚnâ�êLßãBã�ÝWæ�à áqðöçSèhðöç�ÝJÚ�Únâ¨û>çBéBÚ�åoà á V Úaä�à\ÛWínçSâTÞ(Ú�ÝWà[â�éQÜdçSÝWû�ÛqçSû�Þ�ã�Û�Þ�à\ÛÚnå[Únû>Únâ�Û�èYâ�ÚnåséSÚ � à[û>û>çBæ�àoå[à[èYÚnÚ�ÝZÞ-ßçSÝZÞ"ÛPàoâaÞ�Ú�æcç"Þ(Únû®ô&�Låoã õ"ÛWçSâsê�÷ ø',�ø ú þ
�k� K�«�USKTEv¡zDzE¹�DcRLRPKTEÆKTEv£Jx�DzELFGKTE¤6sRÆFGK ��� U�x�7�¸K�E@UBKTEG= � 7:AB=G6 � FG7�EG�
Ù<Ú�ÛæcçBègà[â�ì�Ú�Û2ÿ<åoÚ�çBå[Únédã�èhÛYÝWç�çSû>éBÚnæ�à[Ú ÞJßÚ�ÝZÞJéBÚ V ã � Û�ÛWä�èYèYÚ�âaÞ�Ú�ënÚnûqæcÚ�Ý�÷ øSøBý�Únâ�áhä�å[à�÷ øSø(÷ãSå[è'ÚnÚnâ�èYç�ç�ÝYÛGÝWÚ Þ�Þ�à[â�éSèYç � Ú�ÝZã+ÛWà[ÚBê"âTãSÞ�ã�Û'ì�Ú�Û�æcçBè'í�ß�ãSã�ÝGæcÚnèYëZìTãBÞ(à[édÞqß�ã�èLÞ(ç�çSÝGë�õ(ënå[ç�çBâ§�"à[âTã(þ)�Ý2ßÚ�ÝZÞ(Únâ�à[âaÛWçSÛZãBã�å�çBâ�éBÚnÜdÚ�Ú�Ý ùBù ÛWçSâQì�ã `sr ì�çBä�Û2ßÚnéSéBÚnì�ãBã�åñÞQä�à\Û2ì�Ú�Û<èhÛYÝWç�çBû>éBÚ�æ�à[Ú Þ�êzÚ�âÞ�à\Ûå[ÚnàoÞ�Þ�Ú<ÛWç�ÛgÞ�Ú2ä�à\ÛWÜdç�Ú�Ý�ÜSãSâ§� ù�V ékì�ã `sr èhÛWà V èhÛWç�ð ê ù�V é�ìTã `8r ð�çBèhð�çSÝ ê � ø V é�ìTã `sr V ãSå[à[ä�ûaê
� � V é2ìTã `sr ë ãSå[ënà[ä�ûaê�÷B÷ V é<ìTã `sr û�ãSéSâ�ÚnèYà[ä�ûaêSý"þ ]�V é2ìTã `sr ínà[â V ê��"þ[÷ V é�ìTã `8r û�ãSâ�édãSãSâqÚ�âý(þ[÷ V é�ìTã `8r æcç�çSÝ þ
�2å�Üdç�çSÝPì�Ú�Û V ã ��� ÚnâJæcÚnéBçSâsê�ßãSè<Þ�Ú$û�ãSèYèWãkÜBã�âlÞ�Ú$èhÛYÝWç�çSàoèYÚ�åoåoãSãSéºª�à[â VéBÚnèhÛWÚ�éBÚnâaÜSãSâJçBâ�éBÚnÜdÚ�Ú�Ý�÷[��â�ãBã�Ý � økÛWçBâaì�ã `sr Þ�ç�çSÝ2Þ(Ú�ë�õ(ënå[ç�çBâ�èYë�ì�ãBÞ�Ú�ãSãSâaì�Ú�ÛgæcçBènê�ÚnâaÞ(ÚèhÛYÝWç�çBà[èYÚnå[û�ãSèYèWã�èhÛWÚnÚné$ÜBÚ�ÝZÞ�Ú�Ý�ÛWà áYÞ(Únâ�è'ì�Ú�Û V ã ��� Únâ�â�ãBã�ÝG�',2ÛWçSâ>ìTã `8r þ f Ú�ë�çBâ�ë�Únâ�ÛYÝZã�ÛWà[ÚnèLÜSãSâÜdç�Ú Þ(àoâ�éBèYèhÛWç��zÚnâqà[â�ì�Ú�Û@ÝWà[Ü"à[Ú�ÝYß�ã+ÛWÚ�Ý'ÜBã�â"ä�à\Û@ì�Ú�Û�æcÚnæcçSèhÛWÚèhÛYÝWç�çBû>éSÚnæ�à[Ú Þ�ß�ã�ÝWÚ�âqåoãBã�é�þ®)�ë�ì�ÛWÚ�Ý êâTã-Þ�Ú>Þ(Ú � çBèYà\ÛWà[Ú�ÜSãSâQç�ënÚ ã�â�à[èYë�ì�Ú>Únå[Únû>Únâ�ÛWÚnâQÚnâQÜdÚ�ÝWè�èhÛYÝWç�çSàoèYÚ�åÞ�ç�ç�Ý�ë�õ(ënå[ç�çBâ³�"à[âTã�éBà[â�éSÚnâÞ�Ú§)L�2ê � Ù4Únâ¨Þ�Ú>ë�çBâ�ë�Únâ�ÛYÝZã�ÛWà[ÚnèqÜSãSâïÞ�Ú>û>ÚnÚnèhÛWÚ>Ú�åoÚ�û>Únâ�ÛWÚnâïçBû>ì�ç�çBé(ê�û>Ú�Û�ä�à\ÛWínçBâ�Þ�Ú�ÝWà[â�éÜBã�â�Þ�à[ÚgÜBã�â>â�à\ÛYÝZãBã+Û ê(ãSû>û>çSâ�àoã(êdð�çBèhðöãBã�ÛgÚ�â�ÛWçSÛZãBã�åTðöçSèhðöçSÝPÞ(à[Ú2â�àoÚ�ÛLèYà[éBâ�à�� V ãSâ�ÛLÜBÚ�ÝZãSâ�Þ�Ú�ÝZÞ(ÚnâsêÚnâJÞ�à[Ú$ÜBã�âJèYä�å\ðpãBã+ÛPÚnâ�û�ã�â�édãSãSâ�ê�Þ(à[Ú$èYàoéSâ�à�� V ãSâ�Û�åoã�éBÚ�ÝPß�ã+ÝWÚnâ�â�ãqÞ�Ú<éBÚnæcÚnä(ÝYÛWÚnâ�à[ènþL�à áYÞ(Únâ�èì�Ú�Û V ã ��� Ú�â�à[â>ì�Ú�ÛLâTã�ÛYÛWÚgèYÚnà[ínç�Ú�âJÜSãSâ�÷nøBø"÷<å[Ú V Ú�â�Þ�ÚPàoçSâ�Únâ�ënçBâ�ënÚnâ�ÛYÝZã�ÛWà[ÚnèGà[âJÞ(ÚgæTãSèYà[èWã+ðöÜdç�Ú�ÝåoãSâ�éSí ãBã�ûºÛWÚ�ÝWä�é-ÛWÚ V Ú�ÝWÚnâQâTãSã�Ý�Þ(Úqâ�à[ÜdÚnãSä�è<ÜBã�âQÜBç�çSÝ�Þ�Ú�ë�õ(ënå[ç�çBâ�ê8û>Ú�Û�ä�à\ÛWínçSâTÞ(Ú�ÝWà[â�é�ÜSãSâÞ�à[Ú�ÜSãSâ â�à\ÛYÝZãSã�Û êgÞ(àoÚ�åoÚ V Únâ¨ÛWÚ�èhÛWà áhéSÚnâ©ôpì�ç�Ú�ßÚnåPâ�à[Ú�Û>èYà[éSâ�à�� V ãSâ�Û ú þ / Ú�ÝZã�âTÞ(Ú�ÝWà[â�éBÚ�â à[â¢Þ(Úë�ì�Únû>à[èYë�ì�Ú<èWã�û>Únâ�èhÛWÚnå[å[à[â�ékÜBã�â�Þ(Ú�èhÛWçSÝWû�ã+ðöÜdç�Ú�Ýgâ�ãqÞ(Ú<ë�õ(ënå[ç�çBâJÚnâ�ì�Ú�Û V ã ��� ÚnâJÜSãSâ-ì�Ú�Û�æcçBèß�ã+ÝWÚnâaâ�à[Ú�ÛPÞ(ä�èWÞ�ãSâ�à[é(êTÞ�ã�ÛPÞ�à\ÛPéSÝWç�ÛWÚ$éBÚnÜBçBå[éBÚnâ�ìTãBÞ-Üdç�çSÝ2Þ(Ú�Ú�£ � çSÝYÛPÜSãSâ-â(ä(ÛYÝWà��Únâ�ÛWÚnâ�à[â�ì�Ú�ÛÝWà[Ü(à[Ú�ÝYßã�ÛWÚ�Ý ê�ÛWÚ�â>ç � í�àoëZì�ÛWÚgÜBã�â�Þ�à[ÚgÜBã�â(ä�à\ÛLì�Ú�ÛLçSâ�éSÚnèhÛWç�çSÝZÞ(Ú<èhÛYÝWç�çBû>éSÚnæ�à[Ú Þzþ®)'ëZì�ÛWÚ�Ý ê�ì�ç�Ú�ßÚnåÞ�Ú�éBÚ��Ú�£ � çSÝYÛWÚnÚ�ÝZÞ(ÚJì�ç�ÚnÜdÚnÚ�åoì�Ú Þ�Ú�â åoãSãSéQæ�å[ÚnÜdÚnâ�à[â¨ã�æ�èYçBå[ä(ÛWÚ�ínà[âsê�ßã�ÝWÚnâ Þ�Ú�éSÚh�Ú�£ � çSÝYÛWÚnÚ�ÝZÞ�Úì�ç�ÚnÜBÚnÚnå[ì�Ú Þ(Únâ�ÜSãSâ V ãSå[à[ä�ûaê�â�à[ÛYÝZãSã�Û ê�ÛWçSÛZãSãSå�èhÛWà V èhÛWçSð�êGð�çBèhðpãSã�Û>Ú�â¨ÛWç�ÛZãBã�åLðöçSèhðöçSÝl÷Sþ ù ô��Gÿ � úÛWçSÛ � þ � ô�+ ú�V ÚnÚ�Ý�ínç#ì�ç�çBé¨ã�å[èJÞ(Úaì�ç�Ú�ÜdÚnÚnå[ì�ÚnÞ�Únâ éBÚ��Ú�£ � ç�ÝYÛWÚnÚ�ÝZÞîÜSãSâ"ä�à\Û>ì�Ú�Û�çBâ�éBÚnèhÛWç�ç�ÝZÞ�ÚèhÛYÝWç�çBû>éSÚnæ�à[Ú ÞzþÙ<Ú�ÛGÜBÚ�ÝWæ�ÝZã�âTÞ�Ú�âkÜSãSâ>Þ(ÚèhÛYÝWç�çBà[èYÚnå[åoãBã�éqà[â>ã�ä�éBä�èhÛWä�è�÷ øSø(÷gÝWÚ Þ(ä�ënÚnÚ�ÝZÞ�Ú�Þ(Ú�èhÛYÝWç�çBà[èYÚnå[û�ãSèYèWãÜBã�â6�',�âTãBã+Ý ] ÛWçSâkì�ã `sr ÚnâkÞ�Ú'â"ä�ÛYÝWà��Únâ�ÛWÚnâ�à[â�ì�çBä�Þ�û>Ú�Û � � ù ô�� ú êd÷nýkô�� ú êh, � ô�+ ú ê ø ù ô&�ã ú ê'�$,ô&¢�é ú ê�ý(þ ü�ô ¥ â ú êz÷ ø"þ[÷�ô&¢�â ú Únâ�ý(þ � V éqì�ã `8r ô �ú þ�)�ÚnâJÜdÚ�ÝWéBÚ�åoà á V à[â�é�ÛWä�èYèYÚnâ�Þ�Ú�æcÚnèYëZì�à V æTã+ÝWÚÜdç�Ú Þ(àoâ�éBèYèhÛWç��zÚnâaà[âaÞ(Ú$æcç"Þ�Únû Üdç�ç�Ýgì�Ú�Û V ã ��� ÚnâJÚ�âlÞ�à[Ú$ãSãSâ�ßÚní�àoé�â�ãkì�Ú�Û2æ(ÝZãSâ�Þ�Únâ-ÛWç�çBâTÞ(ÚãBã�âÈÞ�ã�Û�Þ(Úyû>Ú�ÚnèhÛWÚyÜBç�Ú Þ�à[â�éSèYèhÛWçh�zÚnâNÞ(àoÚ#Þ�ç�ç�Ý�Þ�Únë�çBû � çBèYà\ÛWà[Ú#Ú�âNæ(ÝZãSâ�Þ�Únâ Ü�ÝWà áhéSÚ V çBû>Ú�âß�ã+ÝWÚnâsê�ÛWÚ�ÝWÚ�ë�ì�Û>ß�ã+ÝWÚnâ éBÚ V çBû>Únâ à[â¢Þ�Úlæcç"Þ(Únû�ÝWÚnèYÚ�ÝWÜBÚnènþA��ãyì�Ú�Û-æ�ÝZã�âTÞ�Ú�âîÜdÚ�ÝZã�âTÞ(Ú�ÝZÞ�ÚnâÞ�ÚJâ(ä(ÛYÝWà��Únâ�ÛWënçBâ�ënÚnâ�ÛYÝZã�ÛWà[Únè>à[â Þ�Úaæ�ãSèYà[èWã�ð�Üdç�Ú�Ý-èYà[éBâ�à�� V ã�â"Û êLû�ãBã+Ý�â�à[Ú�Û>Üdç�ç�ÝZÞ�ã+Û-Þ�Úaæcç"Þ(ÚnûÜdçBåoÞ(ç�ÚnâTÞ(ÚLÜdç�ëZì�ÛWàoéPß�ã�è�éBÚ�ßLçSÝZÞ�Ú�â>ãBã�âkì�Ú�Û�æcÚnéBà[âkÜBã�â�ì�Ú�Û�âTã+ÛYÛWÚLèYÚnà[ínç�Ú�â�à[âqÞ(ÚnënÚnûkæcÚ�Ý÷ øSø(÷SþÙ<à[Ú�ÝWâ�ã�ßLÚ�ÝZÞ�ÚnâQèYà[éBâ�àÀ� V ã�â�ÛWÚqèhÛWà áhéSàoâ�éBÚnâyéBÚnçSæ�èYÚ�ÝWÜBÚnÚ�ÝZÞyà[âyÞ�Ú8)G�vÚnâyÞ�Ú�ënçSâ�ënÚnâ�ÛYÝZã+ÛWàoÚ�è�ÜSãSâ��ã"êO¢�é�êO�ã(ê0�2Ù � ê0�Lå§êTÙE��ÿ b ê?��ÿ b ê0�Gÿ � êO¢�â�êTÛWçSÛZãSãSå��vÚnâ�ÛWçSÛZãSãSå��@þ f Ú�ënçBâ�ënÚnâ�ÛYÝZã�ÛWà[ÚnèÜBã�â V ãSå[à[ä�ûÆÚnâ>èYä�å\ðpãBã+ÛGßã�ÝWÚnâ�ÝWÚ�åñã+ÛWà[Ú�ð�ì�ç�çBé$à[â�Þ(Úgã�ðöÜBç�Ú�ÝGÛWà áhÞ�Únâ�èLÞ(Ú�ÚnÚ�ÝWèhÛWÚ�ÝWÚnéBÚ�â(æ�ä�à(âTã<ì�Ú�Ûæ�ÝZã�âTÞ�Ú�âsê"û�ãBã+Ý�â�à[Ú�Ûgà[â�Þ�à[Ú<ÜSãSâJÞ�Ú$Þ�ãBã+ÝWç � ÜdçBå[éSÚnâTÞ(Ú<ÝWÚnéBÚ�â(æ�ä�à[Únâ�þ f à\ÛßÚnÚ�èPÚ�ÝWç � ê�Þ�ã�ÛPÞ�Ú�ínÚÚnå[Únû>Únâ�ÛWÚnâ>èYâ�ÚnåTä�à\ÛWè � ç�ÚnåoÞ(Únâ�ÜBã�â(ä�à\ÛÞ(Ú<ã�èYåñãSãSé(þ f ÚPèYä�å\ðöãBã�ÛWë�çBâ�ë�Únâ�ÛYÝZã�ÛWà[Únè�à[â-Þ�ÚPæTãSèYà[èWã+ðöÜdç�Ú�Ý
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ßã�ÝWÚnâyåñã�éBÚ�Ýkà[âïÞ(Ú � Ú�ÝWà[ç"Þ�Ú>â�ãJì�Ú�Û�æ�ÝZã�âTÞ�Ú�â#Þ�ãSâQàoâ#Þ�Ú � Ú�ÝWàoç"Þ(Ú�Þ�ãSã�ÝWÜdç�ç�Ý ê8ß�ã+Û�û>çBéBÚ�åoà á VÛWÚ�ßgà á�ÛWÚnâ¢à[è�ãBã�â¢æ�à[çBå[çSéBà[èYë�ì�ÚQãSë�ÛWà[Ü"à\ÛWÚnà\ÛJà[â ì�Ú�Û�ÝWà[Ü"à[Ú�ÝYß�ã+ÛWÚ�Ýyô§ãSå[éBÚnâ ú þ f ÚaéSÚh�Ú�£ � çSÝYÛWÚ�Ú�ÝZÞ�Úì�ç�ÚnÜdÚnÚnå[ì�Ú Þ�Únâ§�<ã(ê��ã(ê�¢�é(ê��<Ù � ê���ÿ � ê��"à§ê�¢�â�Únâ-ó�Ú2à[â�ÝWà[Ü"à[Ú�ÝYß�ã+ÛWÚ�Ý�à[â-Þ�Ú � Ú�ÝWà[ç"Þ�Ú2âTã$ì�Ú�Ûæ(ÝZãSâTÞ(Únâ$ß�ã+ÝWÚnâkì�çBéSÚ�Ý�Þ�ã�â�Þ�à[ÚGÜBÚ�Ý V ÝWÚnéBÚnâ�Ü"àoãPÚ�Únâ�û>ç"Þ�Únå[èYà[ûqä�åñã+ÛWà[ÚGÜdç�ç�Ý�Þ�Ú'æcÚnæcçSèhÛWÚLèYà\ÛWäTã+ÛWàoÚç+ÜdÚ�Ý$Þ�ÚnínÚ�å[ðöÞ�Ú � Ú�ÝWàoç"Þ(ÚBþ f Ú�Ú�£"ÛYÝZã-ä�à\ÛWÜdç�Ú�Ý$ß�ã�è$æ�à áhâ�ãJéSÚnì�ÚnÚ�å�ÛWÚkßgà á�ÛWÚnâïãSãSâ#Þ�Ú�ÜdÚ�ÝWì�çBéSà[â�éÜSãSâ#Þ�Úqßã�ÛWÚ�ÝZã+ðöÜdç�Ú�ÝqâTã-ì�Ú�Û V ã ��� Ú�âc��æ(ÝZãSâ�Þ�Únâ�þ§)'ëZì�ÛWÚ�Ý ê�Þ(Ú�éBÚ��Ú�£ � çSÝYÛWÚnÚ�ÝZÞ(Ú>ì�ç�ÚnÜBÚnÚnå[ì�Ú Þ(ÚnâÛWç�ÛZãBãSåe�@ê?�Gÿ � ê��$ÿ b ê�Únâ{+©ßã�ÝWÚnâaì�çBéSÚ�Ý�Þ�ãSâJÜdÚ�ÝYß�ã�ë�ì�ÛgínçSäaû>çBéSÚnâ�ßLçSÝZÞ�Ú�â�ç � æTãSèYà[èPÜBã�âÞ(Ú<ÜdÚ�ÝWì�ç�çBéBÞ�Ú$Þ(Únæ�à[Ú�ÛWÚnâ�þ f Ú�ÜdÚ�ÝWåoà[Úní�ÚnâaãSãSâ�ÜBç�Ú Þ�à[â�éSèYèhÛWçh�zÚnâJà[â-ÝWà[Ü"à[Ú�ÝYß�ã+ÛWÚ�ÝPâTãkì�Ú�Û V ã ��� ÚnâÚnâ�æ�ÝZãSâ�Þ�Únâ�æ�å[ÚnÜdÚnâlÚ�ë�ì�ÛWÚ�ÝPåoãBã�é-ÜBÚ�ÝWéBÚnå[Ú V Únâlæ�à áPÞ�Ú�ì�ç�ÚnÜdÚnÚnå[ì�Ú Þ�Únâ�êcÞ(àoÚ�Ü�ÝWà á V ß�ã�û>ÚnâaÜSãSâ"ä�à\ÛÞ(Ú�èhÛYÝWç�çBà[èYÚnå[åoãBã�é�âTãkì�Ú�Ûgæ(ÝZãSâTÞ(Únâsþ f Ú$éSÝWç�çSÛWèhÛWÚ�ÜdÚ�ÝWåoà[Úní�Únâ�ÛWà áYÞ(Únâ�ègì�Ú�Û V ã ��� Únâ-Únâaæ�ÝZã�âTÞ(Únâßã�ÝWÚnâlÞ�ãBã+ÝWçBû�Þ�à[Ú�à[âaì�Ú�ÛgéBÚ��Ú�£ � ç�ÝYÛWÚnÚ�ÝZÞ(Ú$ì�çBä(Û þ
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�2ä�ÛYÝWà��Únâ�ÛWÚnâ"æ�ä�Þ�éBÚ�ÛYÛWÚnâqç+ÜdÚ�ÝGÚnÚnâqÜdçBå[å[Ú Þ�à[éSÚ2ÝWçSÛZã+ÛWà[Ú � Ú�ÝWà[ç"Þ�Ú�ô áYã�â(ä�ã�ÝWà8÷nø', ù�� ã � ÝWà[å8÷ øSø �Sú ßÚ�Ý XÞ(Únâ�ç � éSÚnèhÛWÚnåoÞyÜBç�çSÝ�ì�Ú�Û�ÿ<å[ÚnçBå[ÚnéBã�èhÛYÝWç�çBû>éSÚnæ�à[Ú Þzê�ßãBã+ÝWæ�à á�ÝWÚ V Ú�â�à[â�é�ßÚ�ÝZÞ�éBÚ�ì�çBä�Þ�ÚnâQû>Ú�ÛÜdÚ�ÝWèYë�ì�àoå[å[Únâ�Þ�Ú$à[â�ÛWÚnâ�èYà\ÛWÚnà\ÛWÚnâaÜSãSâ V ã � ÚnâJû>Ú�Û�Û ßLÚnÚ$èYënÚnâ�ã�ÝWà[çBèPÜdç�ç�Ý<Þ(Ú$â"ä�ÛYÝWà��Únâ�ÛWÚnâ"æ�à áYÞ"ÝZãSéSÚnâÜSãSâ¢ÜBÚ�ÝYßÚ�ÝWà[â�é�þ f Ú�ã+ÛWû>çBèhðöÚ�ÝWàoèYëZì�ÚQâ"ä�ÛYÝWà��Únâ�ÛWÚnâ�Þ�Ú � çSèYà[ÛWà[ÚlßÚ�ÝZÞ¢æcÚ�ÝWÚ V Únâ�ÞîÞ(ç�çSÝlÞ(Ú�â�ÚnÚ�Ý XèYåoãSéSéBÚnéSÚnÜdÚnâ�ègÜdÚ�ÝWí ã�û>ÚnåoÞ�àoâ-ì�Ú�Ûgÿ<å[ÚnçBå[ÚnéBãqèhÛYÝWç�çBû>éSÚnæ�à[Ú Þ�ôpì�ç�Ú�ÜdÚnÚnå[ì�ÚnÞ�Únâ�Únâ�ënçSâ�ënÚnâ�ÛYÝZã+ÛWàoÚ�è úÛWÚ-ënçBûkæ�à[â�Ú�ÝWÚnâ�û>Ú�ÛqÞ�ãSéSÚnå[à á V èYÚ�â�ÚnÚ�ÝWèYåoãSé�ÛWçSÛZãSå[Únâ ÜdÚ�ÝWí ã�û>ÚnåoÞïç � Þ�Ú-å[ä�ëZì�ÛWìTã ÜdÚnâïÜSãSâ²�<ãBÞ(àôh÷nø', ù[� ÷nø',Sø ú Ú�â æ�à áqì�Ú�Û���ãSæcçSä¨ì�ç�çSðöÞ V ß�ã+ÝYÛWà[Ú�ÝQôh÷ øBüSý � ÷ øBüSø ú þ f Ú�æ�à á æcÚnì�ç�ÝWÚnâTÞ(Ú�Ú�£ � çSÝYÛÜSãSâïÜBç�Ú Þ�à[â�éSèYèhÛWçh�zÚnâ¨à[â#ÝWà[Ü"à[Ú�ÝYß�ã+ÛWÚ�Ý�ä�à[Ûkì�Ú�ÛqèhÛYÝWç�çSû>éBÚnæ�àoÚnÞïç�ÜBÚ�Ý�Þ(Ú�ÝWçSÛZã+ÛWàoÚ � Ú�ÝWà[ç"Þ�ÚJßLÚ�ÝZÞÜdÚ�Ý V ÝWÚ�éBÚnâîÞ�ç�çSÝJÞ(ÚléBÚnû>àoÞ�Þ(ÚnåoÞ�Úaà[çSâ�Únâ�ënçBâ�ënÚnâ�ÛYÝZã�ÛWà[Únè-à[âîÝWà[Ü(à[Ú�ÝYßã�ÛWÚ�ÝJÜSãSâ"ä�à\Û>ì�Ú�Û-æcÚnæcçBèhÛWÚèhÛYÝWç�çSû>éBÚnæ�àoÚnÞkÛWÚ V çSûqæ�à[â�Ú�ÝWÚnâ�û>Ú�Û�éSÚnèYà[ûqä�å[ÚnÚ�ÝZÞ�ÚgÞ�ã�éBÚnå[à á V èYÚPÞ�Ú�æ�à[Ú�ÛWÚnâ�þ f ç�ç�ÝLÞ(ÚÜdÚ�ÝWèYëZì�à[å[å[Únâà[âïÞ(Úqæcç"Þ(Únû>è�ÜSãSâyÞ�ÚqÜBÚ�ÝWèYë�ì�à[åoå[Únâ�Þ�Ú�æcçSèYèYÚnâ V çBâïÞ(Úqæ�à áhÞ(ÝZã�éBÚ>ÜSãSâQÜdÚ�ÝYßÚ�ÝWàoâ�éaãSãSâïÞ(Úqâ"ä XÛYÝWà��Únâ�ÛWÚnâ�ç � â�ãSû>Ú-ÜBã�â ì�Ú�Û>æcçSè>â�à[Ú�Û>ßç�ÝZÞ�Únâ æcÚ � ãBãSåoÞzþ f ãSã�ÝWçBû ßÚ�ÝZÞ(Únâ*Ã � ÚnèYèYà[û>à[èhÛWà[èYë�ì�Ú$ÄôpéSÚnÚnâ#æ�à áYÞ(ÝZã�éBÚ>ÜSãSâQÜdÚ�ÝYßLÚ�ÝWà[â�é�ê8â"ä�ÛYÝWà��Únâ�Û$ç � âTã�û>ÚqÜdçSåoå[Ú Þ(à[éaä�à\Û�æcç"Þ�Ú�û�ÝWÚnèYÚ�ÝWÜdÚnè ú Únâ³Ã ç � ÛWà Xû>à[èhÛWà[èYë�ì�Ú$Ä�ôpéBÚ�Únâyç � â�ãSû>Úqä�à\Û$æcç"Þ�Únû�ÝWÚ�èYÚ�ÝWÜdÚnènêsãSå[å[Ú�Üdç�ÚnÞ�à[â�éSèYèhÛWçh�zÚnâQéBÚnå[ÚnÜBÚ�ÝZÞ#Þ(ç�çSÝ$ÜdÚ�ÝYß XÚ�ÝWà[â�é ú æ�äTÞ(éBÚ�ÛYÛWÚnâqç � éSÚnèhÛWÚnåoÞ�þ f ç�ç�Ý�Þ(ÚPÜBç�çSÝ�Þ(ÚgéSÝWç�ÚnàcæcÚnâ�ç"Þ�à[édÞ(Ú2ì�ç�ÚnÜdÚnÚ�åoì�Ú Þ�Ú�â>â(ä(ÛYÝWà��Únâ�ÛWÚnâÛWÚ�ënçSûqæ�à[â�Ú�ÝWÚnâ�û>Ú�Û<Þ(Ú$æcÚnèYëZì�à V æTã�ÝWÚ�ì�ç�ÚnÜdÚnÚnå[ì�Ú Þ�Únâ�Üdç�Ú Þ�à[â�éBèYèhÛWçh�zÚ�âlàoâ�Þ(Ú$æcç"Þ�Únû V çSâTÞ(ÚnâèYëZìTã+ÛYÛWàoâ�éBÚnâ�ßLçSÝZÞ�Ú�â éSÚnû�ãBã V Û�Üdç�ç�Ý>ì�Ú�ÛqãBã�â�ÛZãSå�û>çBéSÚnå[à á V Ú-ÝWçSÛZã�ÛWà[ÚnènþïÙ<Ú�Û � ÚnèYèYà[û>à[èhÛWàoèYëZì�Úæ�äTÞ�éSÚ�ÛgèYä�éSéBÚ�ÝWÚ�Ú�ÝZÞ�ÚBêTÞ�ã+Û2ì�Ú�ÛgçBâ�ßãBã�ÝWèYëZì�à á â�å[à á V ßãSè2Þ�ã�Ûgâ"ä(ÛYÝWà��Ú�â"ÛWÚ�â"ÛWÚ V çSÝYÛWÚnâ-Üdç�ç�Ý2í�çBäTÞ(ÚnâV çSû>Únâïæ�àoâ�â�ÚnâïÞ�Ú�ÜdçBå[éSÚnâTÞ(Ú-Ü"à á ð�ô&�ã ú ÛWçSÛJ÷ ø�ô�+ ú ÝWçSÛZã+ÛWàoÚ�ènêLçSâTÞ�Ú�Ý�Þ(Ú-ÜBç�çSÝYß�ãSã�ÝZÞ(Únâ Þ�ã�Ûã�åoå[ÚnÚ�â¢Þ�ÚJèhÛZãSû>û>Únâ ôpà[â�ënå[ä�èYà[Ú�ð$æ�ãSèhÛ ú ínçSäTÞ(Únâ�ßçSÝZÞ(Únâ ßLÚnéBéSÚnìTãSãSåoÞîÚnâ Þ�ã+Û>Ú�ÝWçSèYàoÚSêÚnâ Þ�ÚÞ�ãBã�ÝWû>Ú�ÚkéSÚ ãSèYèYç�ënà[ÚnÚ�ÝZÞ�Ú�â"ä�ÛYÝWà��Únâ�ÛWÜdÚ�ÝWå[à[ÚnínÚnâ�êcÛWçSÛ$Ú�Únâyû>à[â�àoûkä�û æcÚ � Ú�Ý V Û<ínçBä�ßç�ÝZÞ�Únâ�þ�Ù<Ú�ÛßLÚnéBì�ãSå[ÚnâlÜSãSâaÞ(Ú�æcçBû>Ú�â�à[â�ínà á âaéBÚnì�ÚnÚnåsÜdÚ�ÝWû>à[âTÞ(Ú�ÝZÞ�Ú2ì�Ú�Ûgû>çSéBÚnå[à á V Ú�ãSãSâ�ÛZãSå�ÝWçSÛZã+ÛWàoÚ�è2â�ãBã�Ý
�[� ��Üdç�çSÝZÞ�ã�Û�Ú�ÝJÛWÚ V çSÝYÛWÚnâ à[â èhÛWà V èhÛWçSðkÚnâ¢ðöçSèhðöç�ÝlínçBä�Þ�Únâ çSâ�ÛWèhÛZãBãSâ�þ ÿ<û�Þ�ã�Û-Þ(Ú�ÜdÚ�ÝYßÚ�Ý Xà[â�é(êgÞ�à[Úaà[âîÞ�à\Û�æ�ä�Þ�éBÚ�Û>æ�ä�à[ÛWÚ�âîæcÚnèYëZì�çSä"ßgà[â�é#æ�å[ÚnÚ�ð ê�ÛWç�ëZìîÚnÚnâ æcÚnåoãSâ�éSÝWà á V ãBã�âTÞ�Ú�ÚnågàoâîÞ�ÚÜdç�ÚnÞ�à[â�éSèYèhÛWçh�zÚnâ"Üdç�ç�ÝWínà[Únâ�à[â�é V ãSâ�Üdç�ÝWû>Únâsê�Ú�â çSû�Þ�ã+Û�Þ(Ú-à[â"Üdç�Ú�ÝkÜSãSâ�èhÛWà V èhÛWçSð2çBâTÞ(Ú�ÝWèYëZìTã�ÛßãSènê�à[èkì�Ú�Û�ß�ãSã�ÝWèYëZì�à áhâ�åoà á V êLÞ�ã+ÛkÞ�Ú>ì"ä�àoÞ�à[éSÚ-æcçSèYæcçBä�ß4àoâ#ínä�àoÞ(ßLÚnèhÛ / à\ÛWà 1 ÚnÜ"ä�Þ�ä�ä�ÝWí ãSãSûà[è�ÜSãSâ"ä�à\Û2ì�Ú�Û<ç�çBé � ä�â�Û$ÜSãSâ�Þ(Úqæcç"Þ(ÚnûqÜ�ÝWä�ëZì�ÛWæTãSã�ÝWì�Ú�àñÞzþ f ãBã+ÝWçBûºû>ç�Ú�Û�æcÚnèYëZìTãSÞ�à[éBà[â�éJÜBã�âÞ(Ú � åoã�â"ÛZã�éBÚnègÞ(ç�çSÝ�ë�õ�ë�åoçSâ�Únâ-æcÚnèYëZì�çSä"ßPÞ>ßç�ÝZÞ�ÚnâJãSå[ègÞ(Ú<æcÚnåoãSâ�éSÝWà á V èhÛWÚ�æcÚnÞ(ÝWÚnà[éBà[â�éqÜdç�ç�ÝgÞ�Úì�çBä�Û � ÝWç"Þ�ä V ÛWà[ÚBþe)�ë�ì�ÛWÚ�Ý êSçBûÆÞ(Úì"ä�àoÞ�à[éSÚLèYâ�Ú�åoì�ÚnàoÞkÜSãSâ�ì�çSä�Û � ÝWç"Þ(ä V ÛWà[ÚLÜSãSèhÛ@ÛWÚLì�çBä�Þ�Únâ�û>ç�Ú�Ûã�åGì�Ú�Û�û>çBéSÚnå[à á V Ú>éBÚnÞ�ãBã�âyßLçSÝZÞ�Ú�âïçBû®Þ(Úqð�õ(èYà[èYëZì�Ú�ãSëZì�ÛWÚ�ÝWä�à\ÛWéBãSâ�é�ÜBã�âïÞ�Ú�Þ�ä�â�â�Úkæcç"Þ�Únû>èÞ(ç�çSÝPÜdÚ�ÝWèhÛWç�ÝWàoâ�éqÛWà áYÞ(Únâ�è V ã ��� Ú�âsê(ÚnâlÞ(Ú$Þ�ãSã�ÝWû>ÚnÚ�éSÚ ãSèYèYç�ë�àoÚ�Ú�ÝZÞ�ÚkÚ�ÝWçBèYà[ÚBê�ÛWÚ$Üdç�çSÝ V çSû>Únâsþ



Å ÆÈÇÊÉÌË³Í=Î ¬ÐÏ

Ñ Ò ½ÔÓ Õ Ð Ö4×ÈØ ±Ù×ÛÚ × ÓÝÜÊÞ

�ì�Ú-ënçBâ�ÛWÚnâ�ÛWè�ç�ð2ÛWì�à[è�æcç�ç V ÝWÚ�ªTÚnë�ÛqÛWì�Ú-Ú��zçSÝYÛWè�ç�ð�ã�åoã�ÝWéSÚaâ"ä�ûqæcÚ�Ýqç�ð � Únç � å[ÚJßgì�çQßLÚ�ÝWÚà[â(ÜBçBå[ÜdÚ Þ�à[âlÛWì�Ú�èhÛWä�Þ(õJçSÝ<ßgì�ç�èYä ��� ç�ÝYÛWÚ Þaû>Ú�çSÛWì�Ú�ÝYßgà[èYÚkÛWì�ÝWçSä�éSì�çBä(Û2ÛWì�Ú�Þ�ã�ÛZã>ënçSå[åoÚ�ë�ÛWà[çBâ
� Ú�ÝWà[ç"ÞaãSâ�Þ-ß�ÝWà\ÛWà[â�é � ìTãSèYÚSþ-�ãSûIéSÝZã+ÛWÚ�ðöä�åTðöç�ÝÛWì�Ú��Tâ�ãSâ�ënàoãSåcã�âTÞ�û�ã�ÛWÚ�ÝWàñã�åTèYä ��� çSÝYÛGð�ÝWçBû¤ÛWì�Ú¥�2Ú�ÛWì�Ú�ÝWåoã�âTÞ�èLó�çBä�âTÞ�ã XÛWà[çBâ�ð�çSÝ<ÛWì�Ú��<Þ(ÜBã�â�ënÚnû>Ú�â"ÛçSðL�sÝWç � à[ë ãSå½�2ÚnèYÚnã�ÝWëZì�ô . ÿ��
�Pÿkê�éSÝZã�â"Û2â�ç(þ . ü�� Xs� ø ùBú êcðñÝWçBûÛWì�ÚkóTãSë�ä�å\Û õlç�ð
)'ã�ÝYÛWì´�"ënà[Únâ�ënÚ�è<ð�ÝWçSû ÛWì�Ú / ÝWà á Ú4�2â�à[ÜdÚ�ÝWèYà\ÛWÚnà\Û�ÜSãSâq�Pû>èhÛWÚ�ÝZÞ�ã�ûaêzãSè<ßLÚnå[å�ãSèð�ÝWçSû|ÛWì�Ú$ó@à áhàe�'à[â�Ú6�LçBû>û>à[èYèYà[çBâïôpâ�ç+ßÈó@à áhàe�'à[â�Ú 1 à[û>à\ÛWÚ Þ ú þÙ�ã�â�è / ä�éSÛWè�è � Ú�â"ÛPãkåoç�ÛPçSð�ÛWà[û>Ú<çSâ�ÛWì�Ú � ã � Ú�ÝYßLçSÝ V ãSèYèYç�ënàoã+ÛWÚ Þaßgà[ÛWìJÛWì�Ú � ÝWç�á Únë�Û ê�ÛWì�ÚÛWÚnèhÛWà[â�éJçSð�û>à[ë�ÝWç X û>Ú�ÛWÚnçSÝWçSåoçSéBà[ë ã�åLÚ�±�ä�à � û>Únâ�Û$ãSâ�ÞQÛWì�Ú � ÝWÚ � ã�ÝZã+ÛWàoçSâ#ç�ðÛWì�Ú�Ú[±"ä�à � û>Únâ�Û<ð�çSÝèYì�à � û>Ú�â"ÛgÛWç-ó@à áhà�çSâ�Û�ßç�ç�ënë ã�èYà[çBâ�ènþ�-�Û�ì�ãSè2æcÚnÚnâQã>éSÝWÚ ã+Û � å[Ú ã�èYä�ÝWÚ�ÛWç�ßLçSÝ V ßgà\ÛWì�ì�à[û ãSèì�Ú � ÝWç+Ü(àoÞ(Ú ÞaãqÜdÚ�ÝYõ � å[Ú ãSèWã�â"Û2ã�âTÞJÝWÚnåoãb£�ÚnÞJßç�Ý V à[â�é>Únâ"Ü(à\ÝWçSâ�û>Únâ�Ûgã�âTÞaã�å[ßãnõ�ègðöçSä�â�Þ-ÛWà[û>ÚÛWç�ì�Únå � û>ÚkçSä�Û<ßgì�Únâq-gßãSè$èhÛYÝWä�éBéBå[à[â�é-ßgà\ÛWìQÛWÚnëZì�â�à[ë ãSå�ç�Ý$èYënà[Únâ�ÛWà��Të � ÝWçBæ�åoÚ�û>ènþ6¢Jõaßgà\ðöÚãSâ�ÞQÛWì�ÚqçSÛWì�Ú�Ý�éBä�Ú�èhÛWè�à[âïçSä�Ý�ì�çBû>Ú�à[â.�<ãBÞ(àGé�ÝWÚ ã�ÛWå\õ#ã ��� ÝWÚnënàoã�ÛWÚnÞ#ì�à[è�ãSæ�à[åoà\Û�õyÛWç � ÝWÚ � ã+ÝWÚÛWì�Ú�æcÚ�èhÛ�-:ÝWà[èYì�ënç��zÚnÚ$à[âló@à áhàpþ

��ã�û � ä(ÝWâ�ç � ÝWä�à áhâ�ínÚnÚnå�ß�ÝWç�ÛWÚPÛWì�Úgàoâ�à\ÛWàñã�å � ÝWç � çBèWã�å�ðöç�ÝGÛWì�àoè'èhÛWäTÞ"õqà[âa÷nøBüBü�ã+ð�ÛWÚ�Ýã�û>ÚnÚ�Û Xà[â�é�ßgà\ÛWì³�@Ú�ÛWÚ�Ý f ÝYõ(èWÞ�ãSå[ÚBê@ÛWì�Ú�ðöçSÝWû>Ú�Ýkû�ã�âTã�éBÚ�Ý�çSð�ÛWì�Ú�ó@à áhà���à[â�ÚI�LçBû>û>à[èYèYà[çBâ¨Þ(ä�ÝWà[â�é�ãßç�Ý V èYì�ç � à[â§�@ã�à\ß�ãSâ�þ . ì�Ú�âqÛWì�Úð�ä�âTÞ(à[â�é<ð�çSÝà\Û �Tâ�ãSå[å\õ�ë ã�û>ÚÛWì�ÝWçSä�éBì�ô§ã�ð�ÛWÚ�ÝLæcÚnà[â�é�Þ�Únâ�àoÚnÞÝWÚ � Ú ã+ÛWÚ Þ�å\õ ú ê(ì�à[èéBä�àoÞ�ãSâ�ënÚ�à[âJÛWì�Ú���ÚnåoÞJã�âTÞ�Þ(ä�ÝWà[â�é�ÛWì�Ú<Þ�ã+ÛZã � ÝWç�ë�ÚnèYèYà[â�é � ìTãSèYÚSê�ã�èßÚnå[åsãSèì�à[èë�ÝWà\ÛWà[ë ã�å�ÝWÚnû�ã+Ý V èçBâ�ÛWì�Ú<Þ(ÝZã�ðñÛgÜdÚ�ÝWèYà[çBâ-çSðsÛWì�à[ègÞ�à[èYèYÚ�ÝYÛZã+ÛWà[çBâ�é�ÝWÚ ã�ÛWå\õ-à[û � ÝWç+ÜdÚ Þ�ÛWì�Ú��Tâ�ãSåÝWÚnèYä�å\Û þG-�ãSû�ÜdÚ�ÝYõJéSÝZã+ÛWÚ�ðöä�åsð�çSÝ<ÛWì�Ú�ß�ãnõJì�Ú�èYä ��� çSÝYÛWÚ Þ�û>Ú2ÛWì�ÝWçBä�éBì�çBä�ÛgÛWì�Ú�èhÛWä�Þ(õ � Ú�ÝWà[ç"Þ�êãSâ�Þº-Lì�ç � Ú�ÛWì�ã�Û�ßÚ$ënãSâaënçSâ�ÛWàoâ"ä�Ú<ÛWçqßç�Ý V ÛWçSéBÚ�ÛWì�Ú�ÝPà[â�ÛWì�Ú<ð�ä�ÛWä(ÝWÚBþó�ÝWÚ Þq�"ë ã�ÛWÚnâ�ã>û�ãSâTã�éBÚ ÞaÛWç>ÝWÚnÜ"à[Ú�ß©ÛWì�àoè�Þ�à[èYèYÚ�ÝYÛZã�ÛWà[çSâQßgà\ÛWì�à[âyã>ÜdÚ�ÝYõaèYì�çSÝYÛ�ÛWà[û>Ú�ãSâ�Þ�-ãSû ÜdÚ�ÝYõ�éSÝZã�ÛWÚ�ðöä�å�ðöç�Ý<ì�àoè�ßgà[å[å[àoâ�éBâ�ÚnèYèPÛWç�Þ�ç�èYç(þ
- â-ó@à áhàpê�ûkõ�ðñÝWà[ÚnâTÞ-ãSâ�Þ-ënçSä�â�ÛWÚ�Ý � ã�ÝYÛ;¢JÝ þ"�8Ú�û>ÚnèYàO�8çSÝZã6�<ãnßã$±"ãkâ�çSÛ�çSâ�å\õ>ÛZãSä�éBì�Ûû>Ú2ãéSÝWÚ ã+ÛÞ(Ú ãSå�ãSæcçSä�Û�ÛWì�Ú � ÝZãSë�ÛWà[ë ã�åcãSè � Únë�ÛWèGç�ð � åoãSâ�ÛZã�ÛWà[çSâ�ðöçSÝWÚ�èhÛYÝYõ�ê�æ�ä(Û'ãSå[èYç�àoâ�ÛYÝWç"Þ(ä�ënÚ Þkû>ÚÛWçÛWì�Úgó@à áhàoã�â-ßã õqçSð�å[à\ðöÚ2ãSâTÞqÛWç�ç V ë ã+ÝWÚ2ç�ðsãSå[å�ÛWì�Ú � ÝZãSë�ÛWà[ë ã�å � ÝWçSæ�å[Únû>è�ßÚPÚnâ�ënçSä�â�ÛWÚ�ÝWÚ Þkàoâ�ÛWì�Ú�TÚnåoÞzþL¢JõJßgà\ðöÚ4�Lç�ÝpáhçBâ�ã>ãSâ�Þ¦- � ã�ÝYÛWà[ënä�åoã+ÝWå[õ�ÚnâSá ç õ�Ú Þ-ÛWì�Ú�û>ÚnÚ�ÛWà[â�éBèPã�ÝWçSä�âTÞ�ÛWì�Ú��&�h� ! �Sê�ÛWì�ÚéSÝWÚ ã+Ûgðöç�ç"Það�ÝWçSû�ÛWì�Ú #À!hß�! êTãSâ�ÞJÛWì�Ú$ì�çBè � à\ÛZã�åoà\Û�õ�èYì�ç+ßgâlæ�õ-ì�à[ûaê(ì�à[ègßgà\ðöÚ4��ã�åoç�ÛWÚ�ãSâTÞ-ÛWì�Únà\Ýë�ì�à[åñÞ"ÝWÚnâsþ2ó�ä(ÝYÛWì�Ú�ÝWû>ç�ÝWÚBêcæ�õJënçBâ�ÛWà[â"ä�à[â�é>ÛWì�Ú�ì�õ�Þ(ÝWçSåoçSéBà[ë ã�å'û>ÚnãSèYä�ÝWÚ�û>Únâ�ÛWèPà[âlÛWì�Úkÿ<å[ÚnçSåoÚ�édãë ã�ÛWëZì�û>Ú�â"Û�ä�âTÞ(Ú�ÝkãBÞ(ÜdÚ�ÝWèYÚ>ënçSâTÞ�à\ÛWà[çBâ�èJô§ã�âTÞ#à[â�ì�àoè�è � ã�ÝWÚ>ÛWà[û>Ú ú ã�ðñÛWÚ�Ý�-�ì�ãBÞ#å[Ú�ðñÛ�ó@à á à§ê�ì�ÚéSÝWÚ ã+ÛWå\õ�à[û � ÝWç+ÜdÚ ÞyÛWì�Ú>ÝWÚnèYä�å\ÛWè�çSæ�ÛZãSà[â�Ú Þ#ðöç�Ý�ÛWì�à[è � ã�ÝYÛWà[ënä�åñã+Ý � ã�ÝYÛ�ç�ðgÛWì�Ú�èhÛWäTÞ"õ�þà½	��?�bá$�à��bá$�8âe� ß "ã¢JÝ þ , ã�û>Únè f ä�â�â�ê f Ý þ , çBâTã+ÛWìTã�â Ù2Únä�ëZìsêL¢JÝ þ � ä�è��ã+ÝYÛ õ�êG¢JÝ þ��2ã+áhã�Û�+$ä�û�ã�Ý ê®¢JÝ þ
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�<ãSë ã�ëã�å[àoû�ã�à\ÛWçBédã"ê¥¢JÝ þ®�@Únâ�à¥�8ä�ÝZã�édã�æTãSå[Ú�ÛWàpê;¢JÝ þ , çSâTã � ãSå[Úlã�âTÞB¢JÝ þL�@Únâ�à . Ú�ÝWÚ�ð�ÝWçBûÛWì�Úqó@à áhà®��à[â�Ú8�LçBû>û>à[èYèYà[çBâyãSå[å�ënçBâ�ÛYÝWà[æ�ä(ÛWÚ ÞlèYä�æ�èhÛZãSâ�ÛWàoãSå[å\õlÛWç�ÛWì�ÚkèYû>ç�ç�ÛWìlÝWä�â�â�à[â�é�çSð'ÛWì�Ú
� ÝWç�á Únë�Û êzÚnà\ÛWì�Ú�Ý�æ�õ�èYä ��� å[õ(à[â�é>ÜSãSå[ä�ãSæ�å[Ú�à[â�ðöç�ÝWû�ã�ÛWà[çBâ�êzçSÝ<æ"õ � ÝWç+Ü"àoÞ�à[â�é>ÛYÝZã�â�è � çSÝYÛ ê � Ú�ÝWèYçBâ Xâ�ÚnåLç�Ý�ð�ä�â�Þ�à[â�éaßgì�Únâ�ÚnÜBÚ�Ý�â�ÚnënÚ�èYèWã�ÝYõ�þ��ì�Ú-Þ�à[èYënä�èYèYà[çSâ�èkßLÚ�ìTãBÞyçBâ#ÛWì�Ú-ÜSã�ÝWà[çSä�è$ÝWÚnèYÚ ã+ÝWë�ìçSæ(á Únë�ÛWà[ÜdÚnèPû�ãBÞ(Ú$à[Û2ûqä�ë�ì-Ú ã�èYàoÚ�Ý<ðöç�Ý<û>Ú�ÛWç�ð�ç�ënä�èPçBâaÛWì�Ú$à[èYèYä�ÚnègÝWÚnå[ÚnÜSãSâ�ÛgÛWç�ÛWì�Ú�ó@à áhà���à[â�Ú�LçSû>û>àoèYèYà[çSâsþ

�ì�Ú2ð�çSÝWû>Ú�ÝLû�ãSâTã�éBÚ�ÝLçSð�ÛWì�ÚPó@à áhàR��àoâ�Ú��LçSû>û>à[èYèYàoçSâsê�¢JÝ þ"�@Ú�ÛWÚ�Ý f ÝYõ(èWÞ�ã�å[ÚBê"à[è�ãSë V â�ç ßgå XÚ Þ(éBÚ Þlðöç�Ý�èYÚ�ÛYÛWà[â�é X ä � ÛWì�Úqà[â�à\ÛWàoãSå�ð�ÝZã�û>Ú�ßç�Ý V ðöçSÝ$ÛWì�Úqënç�ç � Ú�ÝZã�ÛWà[çSâïæcÚ�Û ßLÚnÚnâ�ÛWì�Úqó@à á àG��à[â�Ú�LçSû>û>àoèYèYà[çSâlãSâ�Þ-ÛWì�Ú�ó�ÝWÚnÚE�<â�à[ÜdÚ�ÝWèYà\Û õ-çSð��2û>èhÛWÚ�ÝZÞ�ãSûaþ
�ì�Ú � Únç � å[Ú�ßLçSÝ V à[â�éyã�Û�ÛWì�Úº�<ãSæcçBä èhÛZã�ÛWà[çSâ ðñÝWçBû¶ÛWì�Ú�ó@à áhà;��à[â�Ú��LçSû>û>à[èYèYàoçSâsê � ã+Ý XÛWà[ënä�åñã+ÝWå\õ³¢JÝ þ , ç�Ú � ä�ã V ä�åoã(êL¢JÝ þ�+�þ 1 ã�édã"êLã�âTÞ²�(ãSà[û>çBâ�àã+ÝWÚJã�ë V â�ç+ßgå[Ú Þ(éBÚ Þïð�çSÝ � ä�å[å[à[â�éû�õ�ë ã�ÝgçSä�ÛPçSð@ÛWì�Ú�ûqä�Þ>çBâ�èYÚ�ÜdÚ�ÝZãSåGôöÝZãSà[â�õ ú ç�ënë ã�èYàoçSâ�ènêTð�çSÝ � ÝWç+Ü"àoÞ�à[â�ékÛWÚnë�ì�â�à[ë ã�åsã�èYèYà[èhÛZãSâ�ë�ÚÛWç�ÛWì�Ú � ÝWç+áhÚnë�Û ê8ãSè2ßÚnå[åGãSè<ð�çSÝ$ÛWì�Úkû�ãSà[â�ÛWÚnâTã�â�ënÚ�çSðã � å[ä�Ü"à[çBéSÝZã � ì � åoãSë�Ú Þyã+Û$ÛWì�Ú6��ã�æcçBäû>Ú�ÛWÚ�çSÝWçBå[çSéBà[ë ãSå8èhÛZã�ÛWà[çBâ�ð�çSÝ2ë ãSå[à[æ�ÝZã+ÛWà[çBâ � ä(Ý � çBèYÚnènþ§àR	��0��á$�²à��bá$�8â�� ß "þ¢JÝWènþh+�ã�ÝZã�åoãSà[â�à?¢aã�ÝYÝWà[çSÛ V à[âTÞ�å\õ�éBã+ÜBÚ�ì�Ú�Ý � Ú�ÝWû>à[èYèYà[çBâ�ÛWç<ë ã+ÝYÝYõ�çBä�Û�ÛWì�ÚéSÝZã�èYèYåoãSâTÞkèhÛWäTÞ(õà[â>ì�Ú�Ý;Ã æTã�ë V õ"ã+ÝZÞRÄ�ã�âTÞ§¢JÝ þ(ó�Ú�ÝWÚ�ÛWà f ä�û�ã�ÝWä>ã�âTÞI¢JÝ þ , çSèYÚnÜSã4¢aã�çBâ�Ú�ã�ÝWÚ2ãSë V â�ç ßgå[Ú Þ�éSÚ Þ�ðöç�ÝÛWì�Únà\Ý2ì�Únå � à[â�ÛWì�Ú�â�ÚnéSçSÛWàoã�ÛWà[çSâ�ènþ
¢JÝ þ � Únâ{¢�à\ÛZã�àzãSâTÞ�ã�âTÞ��2ä � ÚnèYì�ð�ÝWçSûì�
�Pÿ�� -s+ . ç�ç"Þ�- â�Þ�ä�èhÛYÝWàoÚ�è 1 ÛZÞzþ"ã�ÝWÚ<ãSë V â�ç ßgå XÚ Þ(éBÚ Þ-ðöçSÝ<ãSå[å[ç ßgà[â�é-û>Ú<ÛWç>û�ã V Ú2ð�ÝWÚ�±�ä�Ú�â"ÛPä�èYÚ$çSð�ÛWì�Ú$ç+ÜdÚnâ�ãSâ�ÞJßÚnà[éSì�à[â�é>ðpã�ënà[å[à[ÛWà[Únè�ã�ÛgÛWì�Ú

� åñã�â�Û�à[â f ÝZãSèWã(êãSèqßLÚnå[åPãSèqð�çSÝ V Ú�Ú � à[â�éQû>Ú�à[â�ðöç�ÝWû>Ú Þ¨çBâ�ÛWì�ÚJåoçSéBéSàoâ�éïã�ë�ÛWà[Ü(à\ÛWà[Únè>à[â�ÛWì�Úÿ<å[ÚnçSåoÚ�édã�ë ã+ÛWë�ì�û>Únâ�Û þf ä�ÝWà[â�é�çBä(Ý�Ü"à[èYà\ÛWè<ÛWçº�(ä�ÜSã�à\Û<ßãSè$ã�å[ßãnõ�è�ã � åoÚnãSèYä�ÝWÚ�ÛWç-Ü(à[èYà\Û f Ý þR¢aãSì�ÚnâTÞ"ÝZã§+$ä�û�ã�Ýã�âTÞaì�à[èPðpãSû>à[å\õ�þ;-�ÛWìTãSâ V ì�à[û�ð�çSÝ�ì�à[è<ì�çSè � à\ÛZãSå[à\Û õ�êzì�à[è<à[â�ÛWÚ�ÝWÚnèhÛ�à[âaÛWì�Ú � ÝWç�á Únë�Û�ã�âTÞ�ð�çSÝ$ì�àoè
� ÝWçSðöÚ�èYèYàoçSâTã�å@ì�Únå � ßgà[ÛWìJÛWì�Ú$ënÚ � ÛWçBû>Ú�ÛWÚ�Ýgû>Ú ãSèYä(ÝWÚnû>Únâ�ÛWènþ

-@ãSû¤éSÝZã+ÛWÚ�ðöä�å�ðöç�ÝGÛWì�ÚÛWÚnëZì�â�à[ë ã�åTã�èYèYàoèhÛZã�â�ënÚgð�ÝWçSûÆÛWì�Ú � Únç � å[Ú�çSðcÛWì�Úgó@à á à0¢�Ú�ÛWÚ�çSÝWçBå[çSéBà[ë ãSåèYÚ�ÝWÜ"à[ënÚQà[âu��ãBÞ(àpê � ã�ÝYÛWà[ënä�åoã+ÝWå[õ*¢JÝ þ��<ã�ûÐ+�ÝWà[èYì�âTã(ê¤¢JÝ þ;)�ÝWçBâ�àE�'ä�ãSû�ã�ä ãSâ�Þ f Ý þ , çSì�â�PÚ�ðöÜBÚnà[ûaê"ãSè'ßÚnå[åzãSè'ðöç�ÝÛWì�Úgå[çBâ�é X ÛWÚ�ÝWûIënå[àoû�ã+ÛWà[ë�Þ�ã+ÛZã�ßgì�à[ë�ì�ßLÚ�ÝWÚ � ÝWç+Ü(àoÞ(Ú ÞqÛWç$ÛWì�Ú � ÝWç+áhÚnë�ÛðñÝWÚnÚ$çSð�ëZìTã+ÝWéBÚBþ
�ì�Ú�ãSèYèYà[èhÛZã�â�ënÚ�ç�ðO�8ÚnÜ"à\ÛZã��(ãSä�ÛWä(ÝZãSéBã<ãSâ�Þ8¢aã�åoã V ãSà , Ý þ+ßgà[ÛWì � çSÝWçSû>Ú�ÛWÚ�Ý�û>Ú ã�èYä�ÝWÚnû>Ú�â"ÛWènêÛWì�Úkæ�àoçSû�ãSèYè2èhÛWäTÞ(õ�êcãSâTÞ�ÛWì�ÚkèYç�ÝYÛWà[â�é-çSð'ÛWì�Ú�åoà\ÛYÛWÚ�Ý�åñãnõ�Ú�Ý�û�ã�ÛWÚ�ÝWàñã�å@û�ãBÞ(Ú�ÛWì�Ú�ënçBå[å[Únë�ÛWà[çBâyçSðÞ�ã�ÛZã�ãqå[ç�Û2ÚnãSèYà[Ú�Ý þIà½	��?�bá$�²à���á$�8â�� ß "þ. à[ÛWì�çBä(Û@ÛWì�Ú � ÝWÚnèYÚnâ�ënÚLç�ðTçSä�Ý�â�Ú�àoéSì"æcçBä�ÝWè@ãSâTÞ�ënå[çBèYÚGð�ÝWà[ÚnâTÞ(è®¢aãSåoã V ãSàpê'�2âTã�èYÚnà[â�à��2ã+ÜBÚnèYàpêã�âTÞ�)'å[Únâ�çdã / Ú�ÝWÚ�ÜBã�â(ä�ã��8ä�à[æ�äTãSæ�äTã"êzçBä�Ý<å[à[ð�Ú�à[âQó@à á à�ßçBä�åoÞQâ�çSÛ�ì�ã ÜdÚkæcÚ�ÚnâQãSè�éSç�ç"Þ#ãSè<à[ÛßãSènþ��LçSÝpá çBâTãyãSâ�ÞB-�å[à V ÚJÛWç�ÛWìTã�â V ÛWì�Únû ð�çSÝ>ÚnÜBÚ�ÝYõ"ÛWì�à[â�élÛWì�Ú�õ¨Þ�àoÞ�ðöçSÝ�ä�è>ã�âTÞïðöç�Ý�çBä�ÝéSä�ÚnèhÛWènþ . Ú2ßgàoå[åsâ�ÚnÜdÚ�Ý�ðöçSÝWéSÚ�ÛPÛWì�Únû�ã�âTÞ-ßgà[èYì�ÛWì�Únû�ãSå[åzÛWì�Ú�æcÚ�èhÛ þIàR	��?�bá$�³à��bá$�4â�� ß �ã�ì�ÚI¢��(ëBþ�èhÛWä�Þ�Únâ�ÛWè�ó�ÝWà\ÛWè � ÚnÚ V û�ã�âsêe�PÝWâ�çBäTÞQó�ÝWä�û�ãSäsê , ãSã � èYë�ì�Únå[åoÚ V Únâ�ènê��@Ú�ÛWÚ�Ý4�2è XèYÚnâ"æcÚ�ÝWé(ê�)�à[èYÚ>Ù�ã�Ý V Únû�ã(êsÙ�ã+ÝZãSåoÞïÿ � Þ�ãSû®ã�âTÞ � ã�ÝYÛ�ÜBã�â . Únå[å'ãSå[åLë ã�û>ÚqÛWçaó@à á à'ÛWçlã�èYèYà[èhÛû>Ú�ßgà\ÛWìyÛWì�Ú6�TÚnåoÞ�û>Ú ãSèYä(ÝWÚnû>Únâ�ÛWènþ . à\ÛWì�çSä�Û�ÛWì�Únà\Ý�ì�Únå � ßÚkënçBä�åñÞQâ�ç�Û$ìTã ÜdÚkû�ãSâTã�éBÚ ÞlÛWçã�ënënä�ûkä�åoã�ÛWÚPÛWì�Ú$ã�û>çBä�â"ÛçSð�Þ�ã�ÛZãkçSâJßgì�àoëZìJÛWì�à[ègÞ�à[èYèYÚ�ÝYÛZã�ÛWà[çSâlìTãSè�æcÚ�Únâ�æ�ãSèYÚ Þzþ®�ì�Únà\Ý � ÝWÚ Xå[à[û>à[âTã�ÝYõ�ßLçSÝ V ã�âTÞ � ÝWçBé�ÝZãSû>û>à[â�é�è V à[å[å[èkû�ãSÞ�Ú>Þ�ã�ÛZã � ÝWç�ënÚnèYèYà[â�éQã�å[ç�ÛkÚnãSèYà[Ú�Ý>Þ(ä�ÝWà[â�é-ÛWì�Úß�ÝWà\ÛWà[â�é � ìTãSèYÚSþ�ì�Ú;�Lç�ç � Ú�ÝZã+ÛWà[ÜdÚ¥�2ÚnèYÚnã�ÝWëZì��LÚnâ�ÛYÝWÚðöç�ÝG�ã�ÛWëZì�û>Únâ�Û�ÙPõ�Þ"ÝWçBå[çBé�õ�ð�ÝWçBûÆÛWì�Ú����"-í�Pÿ f à[Ü"à XèYà[çBâ�çSð . ã�ÛWÚ�Ý;�PÚnèYçBä(ÝWënÚnègà[â��ãSâ"æcÚ�ÝYÝZã"ê?�Pä�èhÛYÝZãSå[àoã(ê�û�ãBÞ(Ú�ì�Ú ã+Û � ä�å[èYÚ�Ú[±"ä�à � û>Únâ�Ûð�çSÝPû>Ú ã XèYä(ÝWàoâ�é<èWã � ªTç ß ÜdÚnå[ç�ënà\ÛWà[Únè'ã ÜBã�à[åñã�æ�å[ÚÛWç<ÛWì�Ú � ÝWç+áhÚ�ë�Û ê"ãSâ�Þ6�PçBæ / Ú�ÝYÛWÚnèYèhõ�à[èGã�ë V â�ç+ßgå[Ú Þ(éBÚ Þ�ðöç�Ýà[â�èhÛZã�å[åoà[â�é�ÛWì�Ú$à[â�èhÛYÝWä�û>Ú�â"ÛWènþ'Ù2Ú�ãSå[èYç-ã�ÝYÝZãSâ�éBÚ Þ�ð�çSÝ2û>Ú<ÛWç�ßç�Ý V ßgà\ÛWìaÛWì�Ú��gÿ��Lÿ � û>ç"Þ�Ú�åÞ(ä�ÝWà[â�ékãkÛ ßLçkßLÚnÚ V èhÛZãnõ-ã�Û�ÛWì�Ú<åñã�æcçSÝZã+ÛWçSÝYõJàoâ{�ãSâ"æcÚ�ÝYÝZã"þ
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	 ÁÄ Ì ¾	Â ÌÜÌ Ã�Åp½bÁ Æ À!Ñ=Î�¿ Ç.ä�������jË�× Û Ã�Á�� Í ÁÂ Ô ÅÃ�Áx¾ Ì�Æ Â£À!¿ Ô Ï!Ã¸Ã�Á¿¸Ò�Ï!Â Ì£Æ Â£À�½ Æ Î�ÑhÎ¸Ñ�ÁÏ � ¿�ÁÃ�ÖoÁ Ì�� Ö!¾	Ä Í Á¿J½bÁÃ¸ÁjÏ � Î¸¾ Æ Â£Á Ì�� ÅpÄ©Ïx½bÁÃ Æ Â�ÀLÎ¸Ñ£ÁIÒ£Ã�Ï � Áj¿�ÁiÂ�¿¸Ï!ÃÆ ÂoÎ¸Ï®Î¸Ñ�Á@¾ ÔiÔ Á¿¸¿/Î Í�� Á Æ©ØÜØ Á Ì�Æ ¾(Î¸ÁÄ Å%¾(Ó¼Î�ÁiÃ Æ Â£¿.Î�¾	Ä©Ä·¾(Î Æ Ï!Â ×�� Ái¾ Ì£Æ Â£À!¿Ü½bÁÃ¸Ám¾	Ä ½b¾iÅ,¿/Î¸¾	Þ!ÁÂ�ÏxÖoÁÃÜÎ�Ñ£ÁÄ©ÁÂ£À	Î�ÑmÏ	ÓdÎ�Ñ£Á�Î Í�� Ál¾(Î�� ÔiØ¦Ì ÁÒ�Î¸Ñ Æ ÂoÎ¸ÁÃ.Ö!¾	Ä©¿ ×'Z Â�¿�Î�Ã Í£Ø ÁÂoÎ�¾	Ä Ì Ã Æ ÓHÎ Ì£Í Ã Æ Â£ÀlÎ�Ñ£Á Ø Áx¾	¿ Í Ã¸Á Ø ÁÂoÎ¸¿j½j¾	¿Ì Á Î�ÁÃ ØÜÆ Â£Á Ì�� ÅhÎ¸¾	Þ Æ Â�ÀpÃ�Áx¾ Ì�Æ Â£À!¿�Ï	Ó N���� Á ÓPÏ!Ã�ÁO¾	Â Ì ¾(ÓHÎ�ÁÃ Ø Ái¾	¿ Í Ã Æ Â£ÀOÎ�Ñ£ÁOÒ£Ã�Ï 	 Ä©Á ×vß Ñ£Á Æ Â�¿�Î�Ã Í£Ø ÁÂoÎ�¾	ÄÌ Ã Æ ÓHÎd½j¾	¿ Í ¿ Í ¾	Ä©Ä ÅÜÂ£ÁÀ!Ä Æ À Æ�� Ä©ÁL¾	¿bÎ�Ñ£Á Ø Ái¾	¿ Í Ã¸Á Ø ÁÂ=ÎbÏ	Ó«¾\Ò£Ã�Ï 	 Ä©ÁO½j¾	¿ Í ¿ Í ¾	Ä©Ä Å Ô Ï Ø Ò£Ä©Á Î�Á Ì ½ Æ Î�Ñ Æ Â ÚxÉ��ØÜÆ Â Í Î�Ái¿ ×ß Ñ£Á Ô ¾	Ä Æ�� Ã�¾(Î Æ Ï!Â²Ò�Ã¸Ï Ô Á Ì£Í Ã¸Á;À Æ ÖoÁÂ²¾ � ÏxÖoÁ Æ ¿ � ¾	¿�Á Ì Ï!Â¯Î�Ñ£Ám¾	¿¸¿ Í£Ø Ò�Î Æ Ï!Â�Î¸Ñ£¾(ÎÜÎ¸Ñ£ÁKÓPÃ�Á�� Í ÁÂ Ô ÅÏ Í Î�Ò Í ÎhÏ	ÓÎ�Ñ£Á/¿¸ÁÂ£¿�Ï!ÃhÃ�Ái¿�Ò�Ï!Â Ì ¿ Ø ¾ Æ Â�Ä ÅmÎ¸Ï;Î�Ñ£Á Ø Ï Æ ¿�Î Í Ã¸ÁÜ¿.Î�¾(Î Í ¿hÏ	ÓIÎ�Ñ£Á/¿¸Ï Æ Äb¾	Â Ì Î¸Ñ{¾(ÎhÁ��`Á Ô Î�¿lÏ	ÓÖ	¾	Ã Æ ¾(Î Æ Ï!Â£¿ Æ Â�¿¸Ï Æ Ä¿�Î�Ã Í£Ô Î Í Ã¸Á Õ Î¸Á Ý=Î Í Ã�Á®¾	Â Ì �£Í Ä©Þ Ì ÁÂ£¿ Æ Î�Å�¾	Ã�ÁmÂ£ÁÀ!Ä Æ À Æ�� Ä©Á ×!� ¾	Ä Æ�� Ã¸¾(Î Æ Ï!Â � Á Ô Ï Ø Á¿Î�Ã¸Ï Í�� Ä©Ái¿�Ï Ø Á;½IÑ£ÁÂ¨Á Æ Î¸Ñ�ÁiÃVÎ¸Ñ�Á@Ö	¾	Ã Æ ¾(Î Æ Ï!Â¨Ï	Ó �DÆ ¿/¿ Ø ¾	Ä©ÄIÎ¸Ñ�Ã¸Ï Í À!Ñ£Ï Í ÎYÎ�Ñ£Á@Ò£Ã¸Ï 	 Ä©ÁmÏ!ÃÜ½IÑ£ÁÂ�Ä·¾	Ã�À!ÁÔ Ï!ÂoÎ¸Ã¸¾	¿�Î�¿Á Ý Æ ¿�Î � Á Î�½bÁÁiÂVÎ¸Ñ�Á Ô Ñ{¾	Ã¸¾ Ô Î�ÁÃ Æ ¿.Î Æ©Ô ¿ Ç à#" $%" �£Í Ä©Þ Ì ÁÂ£¿ Æ Î�Å Ë Ï	Ó¶Î�Ñ£ÁL¿�Ï Æ Ä`Ä·¾ÅoÁÃ¸¿ ×=Z Â/Î¸Ñ�ÁOÓPÏ!Ã Ø ÁÃÔ ¾	¿¸ÁLÎ�Ñ£Á�Ã�ÁiÄ·¾(Î Æ ÖoÁÄ Å/Ä·¾	Ã¸À!ÁL¿ Ô ¾(Î�Î�ÁÃ Æ Â/Î¸Ñ£Á Ô ¾	Ä Æ�� Ã¸¾(Î Æ Ï!Â Ì ¾(Î¸¾ Õ{Ô ¾ Í ¿¸Á Ì&� ÅÜÎ�Ñ£Á�¿ Ø ¾	Ä©Ä�Ã�¾	Â�À!Á�Ï	Ó MON ¾	Â Ì��Õ Ã¸Á¿ Í Ä Î¸¿ Æ ÂV¾pÒ�Ï=Ï!Ã 	 ÎjÏ	Ó«Î�Ñ£ÁLÃ¸ÁÀ!Ã�Ái¿�¿ Æ Ï!Â/Ä Æ Â£Á Õ ½Ñ�ÁiÃ�Ái¾	¿ Æ ÂÜÎ�Ñ£ÁLÄ·¾(Î.Î¸ÁÃ Ô ¾	¿¸ÁOÎ�Ñ£Á�Ã�ÁiÀ!Ã�Á¿¸¿ Æ Ï!Â/Ä Æ Â£Á¿ ÓHÏ!ÃÎ�Ñ£ÁjÖ!¾	Ã Æ Ï Í ¿ Ñ£Ï!Ã Æ�' Ï!Â£¿�¾	Ã¸Á � ¾	¿¸Á Ì Ï!ÂlÓHÁ ½ Ô ¾	Ä Æ�� Ã¸¾(Î Æ Ï!ÂÜÒ�Ï Æ ÂoÎ¸¿d½Ñ Æ©Ô Ñ Ø ¾iÅp¾	Ä©¿¸ÏÐÄ Æ©ØÜÆ Î«Î�Ñ£ÁOÃ¸¾	Â£À!ÁIÏ	Ó MON¾	Â Ì�(*),+-(*.{×=Z Â � Ï	Î¸Ñ Ô ¾	¿¸Á¿bÄ·¾	Ã¸À!Á Í Â Ô ÁÃ�Î¸¾ Æ ÂoÎ Æ Á¿jÁ Ý Æ ¿.Î Æ ÂlÎ�Ñ£ÁOÃ�ÁiÀ!Ã�Á¿¸¿ Æ Ï!Â Ô Ï!Â£¿.Î�¾	ÂoÎ�¿ Ç à/" $�"=¿¸Ä©Ï!Ò�ÁIÏ	Ó'Î�Ñ£ÁÃ�ÁiÀ!Ã�Á¿¸¿ Æ Ï!ÂYÄ Æ Â£Á Ë ¾	¿ Æ Â Ì�Æ©Ô ¾(Î�Á Ì0� ÅYÄ©Ïx½ Ô Ï,Á�1 ÔÆ ÁÂ=Î�¿�Ï	Ó Ì ÁÎ�ÁÃ ØÜÆ Â{¾(Î Æ Ï!Â ×�2 Ïi½bÁ ÖoÁiÃ Õ Î�Ñ£ÁÃ¸Áp¾	Ã¸Á\¿¸Á ÖoÁÃ�¾	Ä½j¾Å�¿ Æ Âp½IÑ Æ©Ô ÑpÎ¸Ñ£Á Ô ¾	Ä Æ�� Ã�¾(Î Æ Ï!Â£¿ Ø ¾iÅ � Á Æ©Ø Ò�Ã¸ÏxÖoÁ Ì'×43 Â£Áb½j¾iÅ Æ ¿JÎ�Ï Ô Ï Ø
�£Æ Â�ÁjÎ�Ñ£Á Ì ¾(Î¸¾LÓPÃ�Ï Ø ¿¸Á ÖoÁÃ�¾	Ä¾ ÔÔ Á¿¸¿OÎ Í�� Á¿O½ Æ Î¸Ñm¿�Ï Æ Ä¶Ä·¾iÅoÁÃ¸¿Ñ{¾iÖ Æ Â£ÀV¿ Æ©ØÜÆ Ä·¾	Ã Ô Ñ£¾	Ã�¾ Ô Î¸ÁÃ Æ ¿�Î Æ©Ô ¿Î¸Ï/Á Ý,Î�ÁÂ Ì Î¸Ñ�ÁpÃ¸¾	Â£À!ÁpÏ	Ó MON ¾	Â Ì0��×Ù Â/¾	Ä Î¸ÁÃ¸Â£¾(Î Æ ÖoÁ Æ ¿JÎ¸Ï\Ï � Î¸¾ Æ ÂV¾ Ì£Ì£Æ Î Æ Ï!Â{¾	Ä Ô ¾	Ä Æ�� Ã¸¾(Î Æ Ï!Â Ì ¾(Î¸¾ � Å Ô Ï!Ä©Ä©Á Ô Î Æ Â�Àp¿�Ï Æ Ä�¿¸¾ Ø Ò£Ä©Á¿d½ Æ Î�Ñ Æ Â ä��\ÔØ
Ï	Ó£Î�Ñ£Áj¾ ÔÔ Á¿¸¿vÎ Í�� Á¿ Æ©ØÜØ Á Ì£Æ ¾(Î¸ÁÄ ÅL¾(ÓHÎ�ÁÃvÓHÃ¸Á5� Í ÁÂ Ô Å\Ã¸Ái¾ Ì£Æ Â£À!¿vÑ{¾ÖoÁ � ÁiÁÂ\Î�¾	Þ!ÁÂ ×Jß Ñ Æ ¿«¿¸Ñ�Ï Í Ä Ì�� Á Ì Ï!Â£Á¾(ÎLÎ�Ñ£ÁpÁiÂ Ì Ï	Ó�Î¸Ñ£Áp¿�Î Í£Ì Å@¾	¿LÎ�Ñ£Áh¾ ÔiÔ Á¿¸¿LÎ Í�� Á¿ Ô ¾	Â�Â£Ï	Î � Á Í ¿�Á Ì ¾(Ó¼Î¸ÁÃ.½j¾	Ã Ì ¿ ×76 Ñ£ÁÂ@Î�Ñ£ÁhÓHÏ!Ã¸ÁÀ!Ï Æ Â£ÀÆ ¿LÂ�Ï	Î�Ò�Ï!¿¸¿ Æ�� Ä©ÁpÎ�Ñ£Á Ô ¾	Ä Æ�� Ã�¾(Î Æ Ï!Â@Ï	Ó Ì Ã.Åm¿¸Ï Æ Ä«¿�Á Ô Î Æ Ï!Â£¿ Õ Ï	Ó ½IÑ Æ©Ô ÑmÎ�Ñ£Á � ¾(Î�¿¸¾(Î Í Ã¸¾(Î Æ Ï!Â Ç Ò�Ï!Ã�Ï!¿ Æ Î�Å ËOÆ ¿½bÁÄ©ÄdÞ,Â£Ïi½IÂ Ô ¾	Â � Á Æ©Ø Ò£Ã�ÏxÖoÁ Ì8� Å@Î¸Ñ�Á Æ Â Ô Ä Í ¿ Æ Ï!Â®Ï	Ó¾ 	{Ô Î Æ Ï!Â{¾	Ä Ô ¾	Ä Æ�� Ã�¾(Î Æ Ï!Â#Ò�Ï Æ ÂoÎp¾	¿¸¿ Í�ØÜÆ Â£ÀKÎ�Ñ{¾(ÎMON:9�ä; �� ¾(ÎI¿�¾(Î Í Ã�¾(Î Æ Ï!Â ×< Í Ã Æ Â£À#Î¸Ñ£Á@Ò£Ã�Á¿¸ÁÂ=ÎK¿�Î Í£Ì Å¨¾ Ì£Ì£Æ Î Æ Ï!Â{¾	Ä Ô ¾	Ä Æ�� Ã¸¾(Î Æ Ï!Â Ì ¾(Î�¾�½bÁÃ�ÁmÏ � Î�¾ Æ Â�Á Ì ÓPÏ!ÃV¿¸Á ÖoÁÃ�¾	Ä�¾ ÔÔ Á¿¸¿Î Í�� Á¿ Í ¿ Æ Â�Àp¾	Â/¾ Í À!ÁiÃdÎ¸Ï Ô Ï!Ä©Ä©Á Ô Î�¿¸Ï Æ Ä{¿�¾ Ø Ò�Ä©Ái¿J½ Æ Î¸Ñ Æ Â æÐÔØ Ï	Ó�Î¸Ñ�ÁÎ Í�� Ái¿ ¾(Î ä���ÔiØúÌ ÁÒ�Î¸Ñ Æ ÂoÎ¸ÁÃ.Ö!¾	Ä©¿ ×ß Ñ£ÁIÀ!Ã�¾Ö Æ©Ø Á Î�Ã Æ©ÔbØ Ï Æ ¿�Î Í Ã�Á Ô Ï!ÂoÎ�ÁiÂoÎ�¿IÏ � Î�¾ Æ Â£Á Ì ÓHÃ¸Ï Ø Î�Ñ£Á¿¸Á¿�¾ Ø Ò£Ä©Á¿v½bÁÃ¸Á ØhÍ Ä Î Æ Ò£Ä Æ Á Ì ½ Æ Î�ÑlÎ�Ñ£Á ��Í Ä©ÞÌ ÁÂ£¿ Æ Î Æ Á¿ Ô Ï!Ã¸Ã�Á¿¸Ò�Ï!Â Ì£Æ Â£À@½ Æ Î¸Ñ%Î�Ñ£Á;¿¸¾ Ø Ò£Ä©Á Ì ÁiÒ,Î¸Ñ£¿/¾	¿ÜÏ � Î�¾ Æ Â£Á Ì ÓPÃ�Ï Ø Î¸Ñ�Á;¿�¾ Ø Ò£Ä©Á¿ Ô Ï!Ä©Ä©Á Ô Î�Á Ì ¾(ÎÆ Â£¿.Î�¾	Ä©Ä·¾(Î Æ Ï!ÂYÏ	Ó«Î�Ñ£Á�Î Í�� Ái¿ ×= Æ Â£Ái¾	ÃlÃ¸ÁÀ!Ã¸Á¿�¿ Æ Ï!Â%¾	Â{¾	Ä Å,¿ Æ ¿\½j¾	¿ Í ¿�Á Ì Î¸Ï@Ï � Î¸¾ Æ Â%Á Ý�Ò£Ã�Á¿¸¿ Æ Ï!Â�¿hÓPÏ!Ã\Î¸Ñ�Á Ô ¾	Ä ÔÍ Ä·¾(Î Æ Ï!Â²Ï	Ó � ÓHÃ¸Ï ØMONh×Iß Ñ£Á\Ã¸ÁÀ!Ã¸Á¿¸¿ Æ Ï!Â Ø Ï Ì ÁÄ©¿ Í ¿�Á Ì ÓHÏ!ÃÎ�Ñ£Á Ô ¾	Ä Æ�� Ã�¾(Î Æ Ï!Â£¿O½bÁÃ�ÁÐÎ�Ñ£ÁpÄ Æ Â£Ái¾	Ã Ø Ï Ì ÁÄ Ç?> � Í ¾(Î Æ Ï!Â8� È£× � Ë ÕÎ�Ñ£Á�Á Ý�Ò�Ï!Â£ÁÂoÎ Æ ¾	Ä Ø Ï Ì ÁÄ Ç@> � Í ¾(Î Æ Ï!ÂA� È£× ÚoË ¾	Â Ì Î�Ñ£ÁÐÃ¸Á ÔÆ Ò£Ã¸Ï Ô ¾	Ä Ø Ï Ì ÁÄ Ç@> � Í ¾(Î Æ Ï!ÂA� È£× È=Ë ×

�B9C.ED(MONGFIH Ç � È£× � Ë
�B9 Á Ý,Ò ��J K�LNM4O Ç � È£× ÚoË
�B9 ä
.ED(MONGFIH Ç � È£× È=Ë

Ù Â Æ©Ø Ò£Ã¸Á¿¸¿ Æ Ï!Â#Ï	ÓÎ¸Ñ�ÁKÁ Ý,Ò�Á Ô Î�Á Ì Ã�¾	Â�À!ÁYÏ	Ó � ½j¾	¿lÒ£Ã�ÏxÖ Æ©Ì Á ÌP� Å Ø Ï Æ ¿�Î Í Ã¸Á/Ã¸Á Î�ÁÂ=Î Æ Ï!Â ÔiÍ Ã�ÖoÁ¿ ÇHÙ Ò�QÒ�ÁÂ Ì£Æ Ý8� �oË Ï � Î¸¾ Æ Â£Á Ì ÓPÃ�Ï Ø ¿�¾ Ø Ò£Ä©Á¿ Ô Ï!Ä©Ä©Á Ô Î�Á Ì ½ Æ Î¸Ñ Æ Â ä��VÔiØ ÓPÃ�Ï Ø Î¸Ñ£Á/¾ ÔÔ Á¿¸¿ÐÎ Í�� Á¿p¾(ÎÐÎ¸Ñ£ÁÜÁÂ ÌÏ	ÓdÎ¸Ñ£Áp¿�Î Í£Ì Å × < Í Ã Æ Â£ÀlÎ¸Ñ�Áh½bÁ Î�¿¸Ái¾	¿�Ï!Â �ÜÔ ¾	Â � ÁhÁ Ý�Ò�Á Ô Î¸Á Ì Î¸Ï � Ál¾(Î�Ï!ÃSR Í ¿.Î � ÁÄ©Ïx½ 	 ÁiÄ ÌmÔ ¾	Ò{¾ ÔÆ Î�ÅÇ Ò Û 9pä!× �iÉ � Ë ½IÑ£ÁÃ¸Ái¾	¿ Æ Î Ø ¾iÅ;¾	Ò£Ò£Ã�Ïo¾ Ô Ñ®½ Æ Ä Î Æ Â£À/Ò�Ï Æ Â=Î Ç Ò Û 9OÈ£× � Ë ¾(Ó¼Î¸ÁÃ�¿¸Á ÖoÁÃ�¾	Ä Ì Ã.Å;½bÁÁÞ,¿ Ì�Í Ã Æ Â£ÀÎ�Ñ£Á Ì Ã�Å#¿¸Ái¾	¿�Ï!Â ×@ß Ñ Æ ¿pÃ¸¾	Â£À!ÁÜ½j¾	¿ Ô Ï Ø Ò{¾	Ã�Á Ì Î�Ï@Î�Ñ{¾(Î Ô ¾	Ä ÔÍ Ä·¾(Î�Á Ì ÓPÃ�Ï Ø Á Ý=Î¸Ã�Á Ø Á¿\Ï	ÓjÎ¸Ñ£Á MON ÓHÏ!ÃÁi¾ Ô Ñ/¿¸Ï Æ Ä{Ä·¾ÅoÁÃb¾	Â ÌÜØ Ï!Ã¸ÁjÃ�Áx¾	Ä Æ ¿.Î Æ©Ô Ã�ÁiÀ!Ã�Á¿¸¿ Æ Ï!ÂhÄ Æ Â£Á¿�½bÁÃ¸Á Ô ¾	Ä ÔiÍ Ä·¾(Î¸Á Ì ½IÑ£ÁÂlÎ¸Ñ£ÁIÎ�½bÏ\Ã�¾	Â£À!Á¿ Ì£Æ ��ÁÃ¸Á ÌØpÍ£Ô Ñ/ÓPÃ�Ï Ø Ái¾ Ô Ñ£Ï	Î�Ñ£ÁÃ ×ß Ñ£ÁY¾ Æ Ã É ¿�Ï Æ Ä Æ Â=Î�ÁÃ�ÓP¾ Ô ÁK¿�Î�Ã¸Ï!Â£À!Ä Å Æ Â�T Í ÁÂ Ô Á Ì Î�Ñ£ÁVÓPÃ�Á�� Í ÁÂ Ô Å Ø Ái¾	¿ Í Ã�Á Ø ÁiÂoÎ�¿pÎ¸¾	Þ!ÁiÂ�¾(Î Ì ÁÒ�Î�Ñ£¿¾ � ÏxÖoÁ ä��DÔØ;×�Ù ¿K¿ Í£Ô Ñ¨¿¸¾ Ø Ò£Ä©Á¿ Ô Ï!Ä©Ä©Á Ô Î�Á Ì ¾ � ÏiÖoÁ®¾ Ì ÁÒ�Î�Ñ�Ï	Ó æDÔØ ½ ÁiÃ�ÁmÁ Ý Ô Ä Í£Ì Á Ì ÓHÃ¸Ï Ø Î�Ñ£ÁÔ ¾	Ä Æ�� Ã¸¾(Î Æ Ï!Â£¿ ÓHÏ!Ã Ì ÁÁÒ�ÁÃb¿¸Ï Æ Ä�Ä·¾iÅoÁÃ¸¿j¾	Â Ì ½IÑ£ÁÂVÂ£Á Ô Ái¿�¿�¾	Ã.ÅÜ¿¸ÁÒ{¾	Ã¸¾(Î¸Á Ô ¾	Ä Æ�� Ã¸¾(Î Æ Ï!Â�¿ ½bÁÃ¸Á Ø ¾ Ì ÁIÓHÏ!Ã�Î�Ñ£Á�xÉ�ä��lÔØ ¿¸Ï Æ Ä'Ä·¾ÅoÁÃ � Å Ô Ï Ø��£Æ Â Æ Â£À\Î¸Ñ�Á Ì ¾(Î�¾lÏ	Óv¿�Á ÖoÁiÃ¸¾	Ä«¾ ÔÔ Ái¿�¿Î Í�� Á¿ ×
9Y:CU	9 BWV0X%Y�Z [\V^]7Y�_D? `ba,_c[ede[\VA`f`7X�V@?�A
� ÁÀ!Ã¸Á¿¸¿ Æ Ï!Â¨Á5� Í ¾(Î Æ Ï!Â£¿VÓPÏ!ÃÜÎ�Ñ£ÁmÎ�½bÏ¯¾ ÔÔ Ái¿�¿KÎ Í�� Á¿ Æ Â£¿.Î�¾	Ä©Ä©Á Ì ¾(ÎKÎ�Ñ£Á@À!Ã�¾	¿�¿¸Ä·¾	Â Ì ¿ Æ Î�Á@¾	Ã¸ÁmÀ Æ ÖoÁÂ Æ Âß ¾ � Ä©Ág� È£×©ä!Õ ½IÑ£ÁÃ¸Ái¾	¿ Ò£Ä©Ï	Î�¿�Ï	Ó�Î�Ñ£ÁÒ�Ã¸Á Ì£Æ©Ô Î¸Á Ì ¾	Â Ì Î�Ñ£ÁjÏ � ¿�ÁiÃ.ÖoÁ Ì�� Ò£Ã¸Ï 	 Ä©Á¿�¾	Ào¾ Æ Â£¿�Î Ì ÁÒ�Î¸ÑV¾	Ã�ÁI¿�Ñ£Ïx½IÂÆ Â Û Æ À Í Ã¸Áh� È£× Ú�×4i Ï	Î�ÑhÎ Í�� Á¿J½bÁÃ�Á Æ Â£¿�Î¸¾	Ä©Ä©Á Ì ½ Æ Î¸ÑÐÎ�Ñ£Á Æ ÃdÄ©Ïi½bÁÃJÁÂ Ì ¿ Æ ÂÐÎ¸Ñ�Á Ø ¾	¿�¿ Æ ÖoÁdÄ©Ïx½bÁÃ � Q�Ñ£Ï!Ã Æ�' Ï!Â ×
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Samples usednCDSEbSEaModelDepthTube
(Tube: Depths in cm)(cm)

G1: 0-46130.901.469118.37811.5582-15.8611Reciprocal0-10G1
G1: 10-46100.810.0736-6.49260.93555.5638Exponential10-46

G1: 22-26,50-6670.950.3044-2.53940.31423.0054Linear50-66
G1: 22-26,70-98100.930.3463-3.21470.35823.7210Linear70-98

G1: 22-26,102-11460.891.0645-5.75661.11256.4096Linear102-11

G2: 6-58140.932.222732.95602.3621-30.7804Reciprocal0-58G2
G2: 30-38,62-8290.916.566856.87436.7779-55.6328Reciprocal62-82

G2: 86-11070.6426.911283.170727.8593-83.2930Reciprocal86-110
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z���� �7�����^�7�E����� ü �7�����0���%�N�����7��� ì � ë�ý�ì ���h� þ �����E� ìlÿ �
Ù Ä Î�Ñ£Ï Í À!Ñ/Î�Ñ£Á Ì£Æ ¿.Î�¾	Â Ô Á � Á Î�½bÁÁÂKÎ�Ñ£Á�¾ ÔÔ Á¿¸¿ Î Í�� Ái¿b½j¾	¿bÏ!Â�Ä Å �\Ø Î�Ñ£Á Ô ¾	Ä Æ�� Ã¸¾(Î Æ Ï!Â Ì ¾(Î¸¾ Ô Ï Í Ä Ì Â£Ï	Î� Á Ô Ï Ø��£Æ Â£Á Ì ¾	¿bÏ � ¿¸ÁÃ�ÖoÁ Ì�� Ö	¾	Ä Í Á¿I¾(Îj¾pÀ Æ ÖoÁÂ^��� Ì£Æ ��ÁiÃ�Á Ì�� Å Ø Ï!Ã¸ÁjÎ�Ñ{¾	Â ��× ��\Ø��LØ&�|�7� Á Î�½bÁÁÂÎ Í�� Á¿7� ä ¾	Â Ì �7� Ç Û Æ À Í Ã�ÁB� È£×©äxË Õ�Æ Ä©Ä Í ¿�Î�Ã�¾(Î Æ Â£ÀÐÎ¸Ñ£Á�¿�ÁÂ£¿ Æ Î Æ Ö Æ Î�ÅVÏ	Ó¶Î�Ñ£Á�Ò£Ã�Ï � ÁLÎ¸Ïp¿ Ø ¾	Ä©Ä{Ö!¾	Ã Æ ¾(Î Æ Ï!Â£¿ Æ ÂÎ�Ñ£Á�Ò£Ã�Ï!Ò�ÁÃ.Î Æ Á¿IÏ	ÓJÎ�Ñ£Á�¿�Ï Æ Ä ×

�^�CU#�  WV0X%Y�Z [\V^]7Y�_�¡ `ba,_c[e¢£X�¤�_�X�¤�¥8V§¦e[\V0Y%¡ VA¥8¤©¨ªVA`7Y%¡

� ÁÀ!Ã¸Á¿¸¿ Æ Ï!Â\Á5� Í ¾(Î Æ Ï!Â£¿JÓHÏ!Ã¶Î�Ñ£Á�Î�½bÏO¾ ÔiÔ Á¿¸¿vÎ Í�� Ái¿ Æ Â£¿.Î�¾	Ä©Ä©Á Ì\Æ Â�Î¸Ñ£Á 3 Ä©ÁiÏ!Ä©ÁÀo¾ Ì Ã�¾ Æ Â{¾	À!Á � ¾	¿ Æ Âp¾	Ã¸ÁdÀ Æ ÖoÁiÂÆ Â ß ¾ � Ä©Á�� È£× � Õ ½IÑ£ÁÃ¸Ái¾	¿pÒ�Ä©Ï	Î¸¿\Ï	ÓbÎ¸Ñ�ÁVÒ�Ã¸Á Ì£Æ©Ô Î¸Á Ì ¾	Â Ì Î¸Ñ�ÁÜÏ � ¿¸ÁÃ�ÖoÁ ÌP� Ò£Ã¸Ï 	 Ä©Á¿\¾	Ào¾ Æ Â£¿.Î Ì ÁÒ�Î�Ñ%¾	Ã�Á¿�Ñ£Ïx½IÂ Æ Â Û Æ À Í Ã¸Áf� È£× È£×JÙOÔÔ Ái¿�¿ Î Í�� Á 3pä ½b¾	¿ Æ Â£¿�Î¸¾	Ä©Ä©Á Ì/Æ Â Í Â Ì£Æ ¿.Î Í Ã � Á ÌmäiÊ ÅoÁi¾	ÃbÏ!Ä Ì ÓPÏ!Ã�Ái¿.Î ½IÑ£ÁÃ¸Ái¾	¿Î Í�� Á 3 �Y½j¾	¿ Æ Â�¿�Î¸¾	Ä©Ä©Á Ì ¿¸Ï Ø Á Ú�;Ø Î¸ÏmÎ�Ñ£Á > ¾	¿�Î Æ Â�¾	Â�¾	Ã¸Ái¾YÄ©Ï!À!À!Á Ì%Æ ÂI«o¾	Â Í ¾	Ã�ÅD¾	Â ÌI�£Í Ã¸Â£Á Ì�Æ ÂÙÍ À Í ¿�Î äiå!å�#Ç@� ¾	Ã�Ál¿¸Ï Æ Ä Ë�×�i Ï	Î�Ñ�¾ ÔÔ Ái¿�¿�Î Í�� Á¿Ð½bÁÃ¸Á Æ Â£¿.Î�¾	Ä©Ä©Á Ì ½ Æ Î¸Ñ@Î¸Ñ�Á Æ ÃÐÄ©Ïi½bÁÃ\ÁÂ Ì ¿ Æ Â � Á Ì Ã¸Ï Ô Þ½IÑ Æ©Ô ÑV½j¾	¿IÃ¸Ái¾ Ô Ñ£Á Ì ¾(Î ä!ä��hÔØ ¾	Â Ì&�	ÈlÔØ ÓHÏ!Ã¾ ÔÔ Á¿¸¿IÎ Í�� Á¿ 3pä ¾	Â Ì03 �hÃ�Ái¿�Ò�Á Ô Î Æ ÖoÁÄ Å ×�ß Ñ£ÁLÎ Í�� Á¿½bÁÃ�Á Æ Â£¿�Î¸¾	Ä©Ä©Á Ì#Æ Â@¿�Ï Æ Ä©¿�Ñ{¾iÖ Æ Â£À;¿ Æ©ØÜÆ Ä·¾	ÃL¾	¿¸Ò�Á Ô Î¸¿p¾	Â Ì ¿¸Ä©Ï!Ò�Á¿ ×5ÙOÌ£Ì£Æ Î Æ Ï!Â{¾	Ä Ô ¾	Ä Æ�� Ã�¾(Î Æ Ï!Â Ì ¾(Î¸¾K½bÁÃ�Á
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Samples usednCDSEbSEaModelDepthTube
(Tube: Depths in cm)(cm)

O1: 2-10, O2: 2-680.670.1607-9.38092.46258.6019Exponential0-10O1
O1: 10-66280.800.1006-15.45231.419114.6879Exponential14-18
O1: 22-66240.900.0658-22.17161.565521.6394Exponential22-66

O1: 70-114210.970.0342-24.22140.993323.5529Exponential70-118

O1: 2-10, O2: 2-680.670.1607-9.38092.46258.6019Exponential0-10O2
O2: 10-2280.920.0525-20.19972.218019.3963Exponential10-22

O2: 26-30,5450.890.0588-54.396410.735453.9976Exponential26-30
O2: 34-50100.260.0792-49.020228.628448.4107Exponential34-50
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Samples usednCDSEbSEaModelDepthTube
(Tube: Depths in cm)(cm)

A1-A2: 2-660.370.2465-8.31654.83357.3992Exponential2-6A1
A1: 0-38160.830.0865-10.96911.214410.1689Exponential10-38

A1: 42-78200.840.0496-8.90560.85218.2452Exponential42-78
A1: 82-118150.260.0921-18.11878.108617.5237Exponential82-118

A1-A2: 2-660.370.2465-8.31654.83357.3992Exponential2-6A2
A1: 10-38, A2: 2-38260.850.1158-10.89020.851010.0971Exponential10-38

A1: 110-118, A2: 42-70110.860.1287-21.77262.866521.0294Exponential42-70

A3-A5: 1-680.760.0649-3.47890.59722.5984Exponential2-6A3
A3: 10-3880.780.0881-5.07441.00104.5958Exponential10-38

A4: 6-10, A3: 42-70120.900.0795-11.37651.129110.8990Exponential42-70
A1: 66-78, A3: 74-106130.570.0465-10.13312.49689.5349Exponential74-106

A3-A5: 1-680.760.0649-3.47890.59722.5984Exponential2-6A4
A1: 54-78, A4: 10-34280.720.0680-10.39041.18469.7456Exponential10-34

A4: 38-74200.690.0408-32.22895.032231.9333Exponential38-74
A3: 90-106, A4: 78-98130.990.0088-10.28560.294410.8744Linear78-98

A3-A5: 1-680.760.0649-3.47890.59722.5984Exponential2-6A5
A3: 42-46, A5: 6-1860.760.0953-8.66472.28138.0433Exponential0-18

A1: 54-78, A5: 22-106290.740.0552-15.72841.734615.2363Exponential22-106
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Samples usednCDSEbSEaModelDepthTube
(Tube: Depths in cm)(cm)

B1: 10-26, B4: 10-26200.870.1611-10.57560.87869.7592Exponential0-26B1
B1: 30-70330.710.2103-11.02151.13579.9361Exponential30-70

B2: 10-38170.680.1866-10.83661.43199.6126Exponential0-14B2
B2: 18-38130.910.1153-15.64971.431914.6873Exponential18-38
B2: 42-62120.490.0153-1.95620.71062.1986Linear42-62

B3: 10-38100.710.2263-9.94132.02228.9146Exponential0-38B3

B4: 10-4290.910.0375-9.75011.07508.9500Exponential0-42B4
B1: 46-58, B4: 46-58160.870.1006-9.94580.91588.8734Exponential46-58

B5: 10-54,70-74140.580.0925-11.57202.720711.0017Exponential0-54B5
B5: 58-66, B1: 50-70100.900.0182-2.51730.33512.9083Linear58-66

B5: 10-54,70-74140.580.0925-11.57202.720711.0017Exponential70-74
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Samples usednCDSEbSEaModelDepthTube
(Tube: Depths in cm)(cm)

C1: 2-42,78-86140.950.0548-11.51990.706010.7958Exponential0-42C1
C1: 46-7480.890.0069-2.68810.46223.1780Linear46-74

C1: 2-42,78-86140.950.0548-11.51990.706010.7958Exponential78-86

C1,C2,C3,C4,C5: 0-10180.470.1630-5.58451.18834.4933Exponential0-10C2
C2: 10-3470.760.1061-12.83653.069512.1463Exponential10-30
C2: 18-54100.920.0502-16.17601.658815.6159Exponential30-54

C2: 26,58-7050.750.0747-12.83733.975312.0767Exponential58-70

C3: 14,22-5090.430.0606-6.51582.19165.0747Exponential0-26C3
C3: 30-5060.340.0659-34.053023.597033.6583Exponential30-50

C3: 54-66,7450.020.0295-17.790368.684016.9402Exponential54-74

C1,C2,C3,C4,C5: 0-10180.470.1630-5.58451.18834.4933Exponential0-10C4
C4: 10-38120.830.0438-8.20581.04387.3446Exponential14-34
C4: 38-5080.650.0535-16.65754.854316.0979Exponential38-50

C4: 14-22,54-78100.730.0304-20.93924.437220.5657Exponential54-78

C5: 10-34150.730.0889-6.69320.95795.6962Exponential0-34C5
C5: 34-62180.590.0737-17.72513.536317.0979Exponential38-62

C4: 62-78, C5: 66-90140.680.0140-9.74712.079210.4134Linear66-90
C4,C5: 10-15, C5: 94-11090.940.0224-3.24580.35913.7719Linear94-110
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� � ��� 'M� �%(�y�- �%'M� ���4: � y Å ���� K��%'M�O� �%( Å ����* � �%�#�C������ � � � ��(���� ��� �E3 ' ��� ' ��
 �O "���� �� *Q��� �"/- � �l� � � � � ��� �% &��� ������*Q�U(�� ' B�� � � � �"� �% &��� �"��y5A"����D}: � � � ����( � �l2%���"����(��<��� � ��* ��� ����%�O�!�� � �%(��!� ��� � � �%� ����� � ��� ��( � HU(%� �!��' �  � ��%( �% 4� � ��� � H������*b*Q� � � � ����(�2%= z �)2 � ����� � �%(�� ����� � ��� ��(� HU(%� �!�%' �  5 ��%( �% 4� � ��� � ����� /- � �J� ������� ������0��� ��� �1*Q�U(%� ' �!��� � � � � ��� �% ���� ����� � ��� 'M� ��
� ' HB� � ����($�� ��� �J*Q� ��� �U($�!�R� ���!' ��*B�A"���!��D / - � �Q*Q��(%� ' ���\� � ����(N��c> ������� ���� � � / AO: � �  &� (%���  �����R��� ��� �Q��� 'M��� ����%� � ��2c�#� � :1���"� ��� ���� '�� *Q� � ���  *Q���� ��� ���  �� � ��� � B���D � �%( ��� �L2�������� � ��� � � � (�B�)RD /
�\9 �E�hF �E�9�8� �� ANF�BC�|)RD6�#�G� B � � / AED� � ��� ���,� �U�%��� ����G�E� � �%(G� � ����2%�������"� �O��� �S��������( �%�!'1� �%(�� ����� � ��� ��(����� ' *Q���� ��� ���  �� � ��� � �Ey0��� Q��2#�  4� � ��� ' H�y?: � �"��� � �,� � �%(N� � ����	 ��� ���%
  ��%� ��� � � �,(�� � ����*Q���%����
 ��� �<� ��� 2#�>�!� ��� �  �� ����� / - � �2 � � � *Q� � ���;�����	��� 'M��� ��( � �,� � �	� � �E:;������> ������� ���� � � / ��/��9�A	� A� B � � / � D

>0� � ��* ��� �����!���E� � �%(�� � :1�����	�� ��� ���%��(,�����*�*Q� � � � ����*Q��� � �+�!���3�� � ����(���H>BC2�=w97� / � z � / ��D � �%(*Q���� � B�2%=N97� / . DJ� � *Q2 ' ���1���"��2#�  4� � ��� ' H�y � �%( �$ �*Q2 ��� ���	2%���
� � *�: � � � ����( � �
	 �;�� "� �����5�� ��� ��4T�2#������*Q��� �&�!' ( ���&� ��H � ( R6� � � ���%
>� � �%(S� � �����%
 � �%�� QP' ���%� � �	����
���"�������� � �  &� ��� �U� �QBC� � � ����� ��( � yA"��F�D / 6 � ��� � 
���U(^	 � ���;�� ��� ���%��({� � �%(8�  "� �&�#�}���%���"� � ��(8���^> ������� ���� � � / F � �>�� ��� ���8��� � � Q* ��� �����!� ��� � � �%� ����� � ��� ��( � HU(%� �!�%' �  ; ��%( �% 4� � ��� � HlB��,�#D+�����* ��� �9*Q� � � � ���"(O� ����� � ��� ��( � H�(�� �!�%' �   ��%( �% 4� � ��� � H)BP� � / � � 9��,�I� A;��BC�|)RD � �0 �� AwF�B��|)RD � �u� �,¡!¢� ANF�BC�|)�D£�R� �5¤E¢ B � � / F�D- � �B� �%'�K (%���%��� � H�y#���� ' *Q���� ��� ���5��� � ��� � ����l( �����Q� �%( � � � � 'M� � ' �L*Q���� ��� ���3�C��;2 'M� � � �;�C��	����
 ���� � *Q2 ' ���1����| � �#� � 
� � ��� 'M� �%( � ���L2%��������� � ��(8����- � � ' � � � / A3: � �"��� � � ��� �}� ����� � ��� ��( � �%(�*Q��(%� '�' ��(� �%� ����� � ��� ��( � HU(%� �!�%' �  } ��%( �� �� � �U� � H8( �����Q� ���L� � �E:;�����S- � � ' � � � / ��/	¥U� *Q2 ' ���  ��(%��( � � �L¥ �&¹9A:1�����  � '�' �  4� ��({:;� ��� ���{F�  *¦�!� ��� �  "� 2 �! � �&� �  �Q2�����#� �! � ����� ��� �#�SAyR: � ����� � � ��� ����  ��(%��( � �
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A.M.P.Theta at various soil moisture tensions (pF)BdDepthSample
Air4.23.52.72.42.01.71.41.00.4Code

m3/m3g/cm3cm

0.1450.0220.1990.2580.2970.3130.3440.3580.3760.3980.4401.164.5GSMP1
0.1250.0210.1910.2490.2630.2780.3160.3400.3720.4120.4211.2012.5GSMP1
0.1400.0170.1690.2170.2590.2740.3090.3330.3710.4200.4381.1519.0GSMP1
0.1900.0720.1190.1600.2280.2610.3090.3520.3910.4270.4651.173.5G1
0.1610.0220.1740.2390.2820.3000.3350.3520.3770.4320.5031.0513.5G1
0.1410.0190.1360.1700.2300.2420.2770.3020.3360.3640.3721.3124.5G1
0.1220.020.1740.2080.2630.2710.2960.3180.3510.3790.3921.2838.5G1
0.1010.0210.1710.1990.2420.2490.2720.2910.3130.3360.3591.3361.5G1

Bd: Bulk density, Air: Theta of air dry soil (pF between 5 and 6)
A.M.P.: Available moisture for plants (Field capacity (pF=2) minus capacity at wilting point (pF=4.2))°9±R²?³

ÌúÍ�Ñ|Ð�Í|Ò ® Ú/Þ�Ùä|Û-Ú/ÝµÙ%ÞnÖzä|Û-ÞnÖ�Ú/Ýúè��¬ÝnÛ-Þ,ä|Ôåá~âóâ/Õ,ßwÝnä�â%ÖzáuÜ�áuÖzá~ÚÙ ö¾ü8ü Ý�Þ��%ª1´ ø�ù üPÕ�Ý�Ú�Ô
à4Þ,Û-ÞnüPÚ%Ö¾Ú%Û/Ù8ÞnßSÝ±â/ÕnÛÛ#Ú�Ô@Þ,Öá~Õ,ß â#Õ�Ú�µ â%á~Ú�ßNÖ~ÙGö¾Û ø�ù Þ,ßwÝÄüIÕ�Ý¬Ú%ÔuÔ@Ú/Ý±ä|ß4Ù%ÞnÖzä|Û-ÞnÖ�Ú/ÝcèI�¬Ý,Û-Þnä|Ôíá~â
â/ÕnßwÝ,ä�â�ÖzáuÜ�áuÖá~Ú�ÙGö¾ü8ü£Ý¬Þ��%ª	´ ø ×�Õ,ÛAÙ%ÕnáuÔ�Ù%Þnü�àwÔ?ÚÙ8â/ÕnÔuÔ?Ú#â%Ö�Ú#ÝÄáuß�¬8Þ¬Ø/ÕnäÄô¬Û-ÞnÙ#ÙÔ@Þ,ßwÝ ë

                       Modelled K-unsat                 Model parametersK-satDepthSample
pF=4.2pF=3pF=2pF=1rnAlphaTres*Tsat*Code
mm/dmm/dmm/dmm/dm3/m3m3/m3mm/dcm

0.000.000.2428.340.961.10320.19160.020.45224004.5GSMP1
0.000.000.010.670.951.10940.25860.020.4595012.5GSMP1
0.000.000.057.290.981.13200.24750.020.47640019.0GSMP1
0.000.002.41273.200.991.21490.07170.020.47128003.5G1
0.000.000.036.100.981.12341.17660.020.5816050013.5G1
0.000.000.5344.220.981.16370.65300.020.38280024.5G1
0.000.000.001.900.971.12090.10800.020.4043038.5G1
0.000.000.000.080.991.10420.20030.020.377161.5G1

*: Tsat, Tres are theta at saturation and residual theta respectively
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  Theta at various soil moisture tensions (pF)BdDepthSample
A.M.P.Air4.23.52.72.42.01.71.41.00.4Code
m3/m3g/cm3cm

0.1280.0920.4220.5040.5000.5210.5500.5670.5820.5870.5971.173.5ASMP1
0.2110.0920.4310.5270.6030.6210.6420.6480.6490.6500.6520.9440.0ASMP1
0.1040.1400.5610.5800.6410.6510.6650.6690.6700.6720.6791.0365.0ASMP1
0.2490.0680.2650.3440.4590.4770.5140.5390.5510.5790.6370.883.5ASMP2
0.1880.2900.3400.4120.4330.4780.5040.5350.5730.5891.133.5ASMP3
0.0680.5730.5940.6200.6270.6410.6500.6600.6710.6950.9129.0ASMP3
0.1060.0480.6150.6510.6930.7040.7210.7300.7350.7390.7381.0672.0ASMP3
0.1940.0580.3130.3880.4350.4620.5070.5320.5520.5560.5661.293.5ASMP4
0.3060.0520.2390.3810.4870.5120.5450.5500.5520.5530.5621.3440.5ASMP4
0.3630.0560.1610.2890.4540.4780.5240.5450.5660.5800.5971.2665.5ASMP4
0.2380.0550.2200.3080.3970.4170.4570.4820.4990.5410.5821.133.5ASMP5
0.1810.0820.3170.3900.4390.4620.4990.5160.5300.5610.5751.2217.5ASMP5
0.2040.0910.3670.4280.5400.5530.5720.5850.5870.5840.5851.3024.5ASMP5
0.0870.5280.5550.5870.5970.6150.6250.6310.6370.6441.0060.5ASMP5
0.2950.0850.2300.2840.3900.4350.5250.5390.5700.6030.6330.912.5A1
0.1450.0880.3260.4360.3140.3680.4710.4780.5060.5350.5641.1614.5A2
0.1340.3260.4360.3720.4050.4600.4690.4950.5270.5531.0814.0A3
0.3160.1130.1900.2540.3610.4110.5060.5170.5450.5800.5990.9830.5A4
0.1900.1120.3250.4130.4280.4630.5150.5250.5510.5880.6170.8937.5A5
0.2450.1050.2920.3820.4360.4790.5370.5550.5820.6200.6370.8142.5A6
0.2430.1040.2890.3770.4230.4640.5320.5480.5790.6220.6530.7948.5A7
0.2360.0980.2700.3450.3950.4340.5060.5270.5570.6040.6510.7357.5A8
0.2060.0960.2810.3620.3860.420.4870.5010.5280.5740.6260.7862.5A9
0.2550.1410.2970.3600.4370.4780.5520.5660.5940.6420.6640.9268.5A10
0.1570.1450.3710.4500.4560.4870.5280.5380.5610.6000.6230.9174.5A11
0.2620.1530.3340.4730.6010.6220.5960.6060.6280.6520.6621.0497.5A12
0.2970.1080.3100.4290.5930.6230.6070.6190.6450.6580.6601.09110.5A13
0.2930.1240.2740.3790.4560.5050.5670.5890.6240.6600.6661.01126.5A14
0.2660.1200.2670.3750.4350.4790.5330.5570.5880.6270.6331.04137.5A15
0.1020.1370.3710.4350.4920.4940.4730.4760.4850.4940.5161.30148.5A16

Bd: Bulk density, Air: Theta of air dry soil (pF between 5 and 6)
A.M.P.: Available moisture for plants (Field capacity (pF=2) minus capacity at wilting point (pF=4.2))
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                       Modelled K-unsat                 Model parametersK-satDepthSample
pF=4.2pF=3pF=2pF=1rnAlphaTres*Tsat*Code
mm/dmm/dmm/dmm/dm3/m3m3/m3mm/dcm

0.0000.0000.0030.1000.991.06500.04110.070.60183.5ASMP1
0.0000.0000.0030.0130.991.11970.00190.010.650.0940.0ASMP1
0.0000.0000.0000.0000.961.05170.00790.120.680.0165.0ASMP1
0.0000.0101.821920.921.10500.15300.010.671010003.5ASMP2
0.0000.0000.34023.50.991.13590.06070.100.5918403.5ASMP3
0.0000.0000.0000.0000.991.02261.36620.010.720.6029.0ASMP3
0.0000.0000.0000.0000.991.04630.01080.150.740.0172.0ASMP3
0.0000.0000.0050.1430.991.09790.02690.010.577.73.5ASMP4
0.0000.0040.1130.3910.981.23190.00210.010.561.1240.5ASMP4
0.0000.0060.8587.50.961.25330.00710.010.603165.5ASMP4
0.0000.0091.761650.961.12140.09860.010.60320003.5ASMP5
0.0000.0010.20611.80.981.08380.06140.010.58220017.5ASMP5
0.0000.0000.0080.0370.991.12940.00300.010.590.2824.5ASMP5
0.0000.0000.0000.0180.991.04200.03810.150.656.760.5ASMP5
0.0000.10025.711760.991.21140.03060.080.64192002.5A1
0.0000.547202.652710.981.31890.01700.070.562710014.5A2
0.0000.0010.26415.20.831.12870.48900.010.56101014.0A3
0.0000.0061.548.70.991.23350.02190.050.6049030.5A4
0.0000.0310.0532860.851.12060.04780.010.632020037.5A5
0.0000.0020.2869.20.931.15080.02550.010.6422042.5A6
0.0000.0020.41523.70.931.14280.46400.010.66120048.5A7
0.0000.0142.9265.50.941.14250.08230.010.672980057.5A8
0.0000.0010.22325.40.901.12590.13390.010.65770062.5A9
0.0000.0091.7696.80.971.14000.04510.010.67490068.5A10
0.0000.0020.35817.90.801.10380.04670.010.63160074.5A11
0.0000.0520.5781.30.971.25440.00090.010.642.797.5A12
0.0000.0180.2900.7100.981.28160.00120.010.651.4110.5A13
0.0000.0010.1925.00.971.16460.02040.010.6784126.5A14
0.0000.0000.0220.6150.961.15680.02210.010.6412137.5A15
0.0140.6651.522.00.961.34790.00010.000.502.5148.5A16

*: Tsat, Tres are theta at saturation and residual theta respectively
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  Theta at various soil moisture tensions (pF)BdDepthSample
A.M.P.Air4.23.52.72.42.01.71.41.00.4Code
m3/m3g/cm3cm

0.2320.1330.1810.2580.2970.3650.3830.4050.4170.4371.3022.5BSMP1
0.0640.0390.4450.4690.4860.4960.5090.5120.5130.5140.5171.6170.5BSMP1
0.0990.0330.2630.2970.3200.3330.3630.3830.3990.4020.4051.7853.5BSMP2
0.1440.2330.2710.3240.3430.3770.3950.4190.4670.4751.363.5BSMP3
0.1600.1830.2220.2820.3040.3430.3610.3920.4540.4691.3512.5BSMP3
0.1820.1870.2300.2920.3220.3690.3910.4230.4590.4811.233.5BSMP4
0.1740.1410.1800.2470.2700.3150.3400.3780.4370.4491.3712.5BSMP4
0.1750.1270.1640.2280.2490.3020.3270.3630.4220.4491.2218.5BSMP4
0.1760.1660.2080.2750.2980.3420.3690.4050.4240.4381.404.5BSMP5
0.1610.3200.3650.4250.4450.4810.5010.5260.5540.5681.2812.5BSMP5
0.1120.3190.3490.3930.4050.4310.4470.4680.4780.4941.5751BSMP5
0.2660.0220.0930.1360.2180.2600.3590.3770.4220.4800.5221.143.5B1
0.2380.0260.1000.1410.2160.2540.3380.3530.3950.4440.4771.3211.5B1
0.1750.0210.0840.1150.1690.1960.2590.2760.3130.3840.4521.073.5B2
0.1990.0240.0820.1180.1800.2120.2810.3000.3490.4300.5001.2111.5B2
0.2640.0230.1060.1520.2320.2720.3700.3890.4250.4890.5551.163.5B3
0.2100.0200.1050.1430.2070.2380.3150.3320.3700.4290.4981.1511.5B3
0.2030.0270.1170.1420.2160.2490.3200.3460.3670.4190.4651.153.5soilpit
0.1550.0200.1120.1900.2070.2330.2670.2940.3290.3760.3901.3628soilpit
0.1530.1150.3320.3780.4320.4540.4850.4920.5250.5330.5281.4053soilpit
0.1430.1100.3160.3540.4040.4250.4590.4680.4940.5200.5201.3872soilpit
0.1960.1020.2680.3180.3910.4220.4640.4730.5030.5140.5101.4487soilpit

Bd: Bulk density, Air: Theta of air dry soil (pF between 5 and 6)
A.M.P.: Available moisture for plants (Field capacity (pF=2) minus capacity at wilting point (pF=4.2))
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                       Modelled K-unsat                 Model parametersK-satDepthSample
pF=4.2pF=3pF=2pF=1rnAlphaTres*Tsat*Code
mm/dmm/dmm/dmm/dm3/m3m3/m3mm/dcm

0.0000.0030.71022.00.971.23580.02160.030.4422022.5BSMP1
0.0000.0000.0000.0000.981.03020.01380.040.520.0470.5BSMP1
0.0000.0000.0010.0450.961.07510.04850.030.417.553.5BSMP2
0.0000.0000.0708.00.971.10500.18310.030.5058803.5BSMP3
0.0000.0000.0445.80.971.14090.15680.030.49196012.5BSMP3
0.0000.0010.12911.81.001.15060.07900.030.4911403.5BSMP4
0.0000.0000.10612.30.981.18800.08490.030.4692012.5BSMP4
0.0000.0000.11916.80.991.20240.10090.030.46149018.5BSMP4
0.0000.0000.0865.50.991.16830.04790.030.452204.5BSMP5
0.0000.0010.1188.31.001.08790.08110.030.58210012.5BSMP5
0.0000.0000.0000.0070.991.10340.06430.150.500.9551BSMP5
0.0000.0073.13490.971.28900.05240.020.5366003.5B1
0.0000.284112112960.981.26240.52700.020.4924950011.5B1
0.0000.0010.3951090.981.24390.22180.020.49344003.5B2
0.0000.0020.7041800.991.24870.17720.010.533450011.5B2
0.0000.0166.29590.961.24380.08880.010.57520003.5B3
0.0000.0031.22560.971.22750.16510.020.534770011.5B3
0.0000.0134.35610.981.21790.08270.010.48321003.5soilpit
0.0000.0051.31460.941.18380.08080.010.401050028soilpit
0.0000.0000.0070.2140.991.10870.02600.120.549.253soilpit
0.0000.0000.0553.30.991.10380.05990.110.5341072soilpit
0.0000.0010.1282.60.991.16420.01620.100.523687soilpit

*: Tsat, Tres are theta at saturation and residual theta respectively
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  Theta at various soil moisture tensions (pF)BdDepthSample
A.M.P.Air4.23.52.72.42.01.71.41.00.4Code
m3/m3g/cm3cm

0.1490.0290.2550.2970.3560.3720.4040.4190.4410.5100.5811.163.5CSMP4
0.0760.0270.3560.4320.4030.4110.4320.4450.4640.5000.5171.3631.5CSMP4
0.0230.0350.4650.5310.4630.4710.4880.4970.5090.5140.5181.4553.5CSMP4
0.1310.0310.2870.3500.3720.3880.4190.4330.4540.4960.5581.223.5CSMP5
0.0890.0280.3100.3810.3530.3760.3990.4110.4290.4610.4771.4933.5CSMP5
0.0790.0320.3940.4590.4400.4510.4740.4860.5020.5140.5251.3757.5CSMP5
0.1010.0460.3180.3450.3790.3930.4190.4230.4340.4600.4921.083.5C1
0.1100.0380.2870.3160.3540.3890.3970.4010.4220.4540.4761.1810.5C1
0.0970.2900.3170.3510.3650.3870.3940.4120.4450.4621.1616.5C1
0.1170.0470.3580.3920.4340.4510.4750.4800.4980.5130.5111.3837.5C1
0.3410.1200.1920.3250.3850.4610.4690.4830.4980.5011.3743.5C1
0.1580.0490.2370.3080.3360.3550.3950.4060.4190.4420.5111.123.5Soil pit
0.1490.2130.2490.3000.3220.3620.3780.4060.4430.5181.199.5Soil pit
0.1470.0530.2460.2840.3360.3580.3930.4100.4430.4740.5151.4215.5Soil pit
0.1770.2280.2720.3340.3610.4050.4250.4550.4930.5121.4323.5Soil pit
0.1400.2390.2740.3220.3430.3790.3920.4170.4590.5081.2930.5Soil pit
0.0930.0530.4230.4500.4840.4970.5160.5280.5440.5590.5831.3157.5Soil pit
0.1340.0500.3450.3820.4310.4500.4790.4920.5120.5350.5441.3263.5Soil pit
0.1560.0500.2300.2670.3190.3420.3860.3990.4250.4590.5461.033.5C3
0.1640.0400.2190.2580.3140.3380.3830.3970.4280.4770.5361.3321.5C3
0.1640.0400.2240.2640.3210.3460.3880.4070.4400.4880.5371.3927.5C3
0.1680.0400.2070.2470.3040.3490.3750.3870.4200.4730.5171.3636.5C3

Bd: Bulk density, Air: Theta of air dry soil (pF between 5 and 6)
A.M.P.: Available moisture for plants (Field capacity (pF=2) minus capacity at wilting point (pF=4.2))



Ï�·�Í »5¼<½S¾S¿5À�Á~Â ì�ÃÅÄ ñOÆ5îÇ¾�¼N§ Ä Æ�»5½�î©¨>½>¿�½

°9±R²?³
ÌúÍ�Ñ|Ð º4Ò ® Ú/Þ�Ùä|Û-Ú/ÝµÙ%ÞnÖzä|Û-ÞnÖ�Ú/Ýúè��¬ÝnÛ-Þ,ä|Ôåá~âóâ/Õ,ßwÝnä�â%ÖzáuÜ�áuÖzá~ÚÙ ö¾ü8ü Ý�Þ��%ª1Ý ø�ù üPÕ�Ý�Ú�Ô

à4Þ,Û-ÞnüPÚ%Ö¾Ú%Û/Ù8ÞnßSÝ±â/ÕnÛÛ#Ú�Ô@Þ,Öá~Õ,ß â#Õ�Ú�µ â%á~Ú�ßNÖ~ÙGö¾Û ø�ù Þ,ßwÝÄüIÕ�Ý¬Ú%ÔuÔ@Ú/Ý±ä|ß4Ù%ÞnÖzä|Û-ÞnÖ�Ú/ÝcèI�¬Ý,Û-Þnä|Ôíá~â
â/ÕnßwÝ,ä�â�ÖzáuÜ�áuÖá~Ú�ÙGö¾ü8ü£Ý¬Þ��%ª	Ý ø ×�Õ,ÛAÙ%ÕnáuÔ�Ù%Þnü�àwÔ?ÚÙ8â/ÕnÔuÔ?Ú#â%Ö�Ú#ÝÄáuß�ÉIÕ,Û-ÕnüPÞnßNá�×�ÕnÛ-Ú�ÙÖ ë

                       Modelled K-unsat                 Model parametersK-satDepthSample
pF=4.2pF=3pF=2pF=1rnAlphaTres*Tsat*Code
mm/dmm/dmm/dmm/dm3/m3m3/m3mm/dcm

0.0000.0000.0000.0010.971.10380.91430.030.63123.5CSMP4
0.0000.0000.0000.0130.961.06240.70920.100.5430031.5CSMP4
0.0000.0000.0000.0100.991.04280.04040.040.52453.5CSMP4
0.0000.0000.0000.0130.961.07841.23330.030.606803.5CSMP5
0.0000.0000.0000.0340.961.06200.33940.030.4918033.5CSMP5
0.0000.0000.0000.0010.981.04110.30330.030.54757.5CSMP5
0.0000.0000.0000.0220.891.05970.37620.050.501503.5C1
0.0000.0000.0030.4160.951.07190.46320.050.50318010.5C1
0.0000.0000.0000.0020.941.06520.95960.050.506616.5C1
0.0000.0000.0200.7040.851.06450.03570.050.5211037.5C1
0.0000.0367.064.90.991.31570.00780.010.5121043.5C1
0.0000.0000.0345.10.951.09360.63740.050.54505003.5Soil pit
0.0000.0000.0040.7710.971.12350.76270.050.5778009.5Soil pit
0.0000.0010.09212.50.991.10910.25560.050.541550015.5Soil pit
0.0000.0010.21418.91.001.13510.08200.050.52230023.5Soil pit
0.0000.0000.0376.00.981.10580.62350.050.554760030.5Soil pit
0.0000.0000.0000.0161.001.04180.42260.030.6025057.5Soil pit
0.0000.0000.0110.7290.971.07440.07670.050.5523063.5Soil pit
0.0000.0000.0244.30.941.11710.89440.050.60656003.5C3
0.0000.0000.0132.20.981.12400.40600.040.57570021.5C3
0.0000.0000.0081.220.991.12330.33760.040.57220027.5C3
0.0000.0000.0050.840.961.13220.24970.040.5475036.5C3

*: Tsat, Tres are theta at saturation and residual theta respectively



Ï�·�·

°3±#²?³
Ì±Í�Ñ|Ð Ê4ÒN¸�ä|Ô ¹úÝ¬Ú%ß4ÙáuÖ�� ö*ôúâ�ü�ª0Ë ø ÞnßwÝ÷Ù%ÕnáuÔ
üIÕ,á�ÙÖä|Û-Ú±Û-Ú%Ö�Ú�ßNÖá~Õ,ß Ý¬Þ,Ö¾Þµö�ãóáuß ü8Ë

ü ª0Ë ø ×�Õ,Û�Ù�Õ,áuÔ4Ù%Þnü�àwÔ?ÚÙ�â/ÕnÔuÔ@Ú/â%Ö¾Ú/ÝcáußÄÖ*è4Ú�ä|ßwÝná�ÙÖzä|Û%Ø/Ú#Ý�ß
Ô?Ú#Õ,Ô@Ú¾ô�Þ�ÝnÛ#ÞnáußwÞ�ô�Ú&Ø/Þ�Ùáuß ë,® Õ�Ý#È
Ú%ÔuÔ@Ú/Ý0ã�Ü�Þ,Ôåä�ÚÙcÞ,Û-ÚAÙ-è�Õ�¯\ß�áußûáuÖ¾Þ,Ôåá~â�Ù ë

  Theta at various soil moisture tensions (pF)BdDepthSample
A.M.P.Air4.23.02.72.42.01.71.41.00.4Code
m3/m3g/cm3cm

0.2280.0220.1270.1930.2800.3080.3550.3780.4030.4410.4791.153.5OSMP1
0.1870.0270.2000.2980.3030.3280.3870.4200.4610.4770.4811.3932.5OSMP1
0.2060.0260.2160.3210.3700.3870.4220.4380.4570.4760.4871.4368.5OSMP1
0.1560.0470.2280.2990.3210.3450.3840.4000.4230.4700.4891.133.5O4
0.1690.1620.2310.2540.2800.3310.3520.3810.4370.5301.0827.5O4
0.2380.0290.1600.2320.2550.2810.3980.4120.4370.4900.5710.993.5O5
0.1820.2220.3050.3320.3610.4040.4340.4730.5120.5531.1529.5O5
0.1890.0320.1630.2420.2680.2980.3520.3760.4130.4830.5670.993.5O11
0.2170.1430.2280.2590.2960.3600.3880.4390.5070.5251.3131.5O11
0.2370.0220.1770.2800.3150.3540.4140.4460.4860.5340.5381.143.5O13
0.2120.1890.2800.3100.3440.4010.4260.4700.5220.5381.2533.5O13
0.1390.0440.2850.3500.3690.3880.4240.4350.4630.4860.5511.053.5O18
0.2030.1890.2760.3050.3370.3920.4160.4530.5190.5311.1828.5O18
0.1800.0300.2360.3160.3410.3680.4160.4380.4660.5110.6011.063.5O19
0.2030.1410.2210.2500.2840.3440.3740.4240.4930.5331.1131.5O19
0.1460.0340.2110.2780.2990.3210.3570.3790.4050.4430.5111.003.5O27
0.1720.1390.2090.2330.2610.3110.3360.3740.4380.4691.2831.5O27
0.1610.0540.3430.4190.4410.4640.5040.5130.5390.5880.6101.053.5O42
0.1820.2580.3400.3650.3920.4400.4570.4910.5480.6031.1131.5O42
0.2110.0390.2210.3120.3410.3730.4320.4510.4780.5620.5911.023.5O47
0.2040.1870.2750.3040.3370.3910.4220.4660.5180.5571.1627.5O47
0.1860.0180.2600.3440.3690.3960.4460.4660.4980.5310.6381.003.5O61
0.1600.1720.2390.2610.2850.3320.3500.3800.4340.5221.2121.5O61
0.1820.0420.2120.2920.3180.3450.3940.4100.4370.5020.5131.223.5O64
0.1800.2410.3220.3470.3740.4210.4340.4770.5220.5501.2934.5O64

Bd: Bulk density, Air: Theta of air dry soil (pF between 5 and 6)
A.M.P.: Available moisture for plants (Field capacity (pF=2) minus capacity at wilting point (pF=4.2))



Ï�·¬Ï »5¼<½S¾S¿5À�Á~Â ì�ÃÅÄ ñOÆ5îÇ¾�¼N§ Ä Æ�»5½�î©¨>½>¿�½

°9±R²?³
Ì Í�Ñ|ÐCÞUÛ4Ò ® Ú/ÞnÙ/ä|Û#Ú#ÝûÙ%Þ,Öä|Û-Þ,Ö¾Ú/Ý÷è��¬ÝnÛ-Þ,ä|Ôåá~â�â/ÕnßSÝnä�â%ÖáuÜ�áuÖzá~ÚÙúö¾ü8ü Ý�Þ��%ª	Ý ø�ù üPÕ�Ý�Ú�Ô

à4Þ,Û-ÞnüPÚ%Ö¾Ú%Û/Ù8ÞnßSÝ±â/ÕnÛÛ#Ú�Ô@Þ,Öá~Õ,ß â#Õ�Ú�µ â%á~Ú�ßNÖ~ÙGö¾Û ø�ù Þ,ßwÝÄüIÕ�Ý¬Ú%ÔuÔ@Ú/Ý±ä|ß4Ù%ÞnÖzä|Û-ÞnÖ�Ú/ÝcèI�¬Ý,Û-Þnä|Ôíá~â
â/ÕnßwÝ,ä�â�ÖzáuÜ�áuÖá~Ú�Ù0ö¾ü8üWÝ¬Þ��%ª	Ý ø ×�Õ,ÛÎÙ%ÕnáuÔ4Ù%Þ,ü�àSÔ@ÚÙ�â/Õ,ÔuÔ@Ú/â�Ö�Ú/Ý{¯\áuÖ*è�áußCÖuè�Úg×�Õ,Û-Ú�Ù/Ö�Ú/Ý�ß�Ô@Ú/ÕnÔ?Úzô�Þ
ÝnÛ-Þ,áußwÞ�ô�ÚIØ/Þ�Ùáuß ë

                       Modelled K-unsat                 Model parametersK-satDepthSample
pF=4.2pF=3pF=2pF=1rnAlphaTres*Tsat*Code
mm/dmm/dmm/dmm/dm3/m3m3/m3mm/dcm

0.0000.0000.0483.60.951.20940.04830.020.481013.5OSMP1
0.0000.0000.0261.40.981.15570.04260.030.495632.5OSMP1
0.0000.0000.0150.3980.981.14440.02170.030.498.868.5OSMP1
0.0000.0050.9771050.951.12100.12590.050.50306003.5O4
0.0000.0000.04510.20.961.17420.42520.050.571930027.5O4
0.0000.0000.07917.30.971.15850.61510.030.59828003.5O5
0.0000.0000.0152.01.001.14240.14670.050.5758029.5O5
0.0000.0000.06814.90.981.17080.41550.030.62274003.5O11
0.0000.0010.31039.20.961.23500.07350.050.54166031.5O11
0.0000.0163.82530.961.18620.04600.020.5581003.5O13
0.0000.0010.37536.20.971.18270.07040.050.55214033.5O13
0.0000.0000.0629.30.951.08630.82270.040.591750003.5O18
0.0000.0020.43450.30.941.17510.09270.050.55486028.5O18
0.0000.0000.06912.10.961.11990.62850.030.65830003.5O19
0.0000.0000.13422.80.981.22870.10880.050.55192031.5O19
0.0000.0000.08715.50.991.11570.86850.030.572249003.5O27
0.0000.0010.19533.90.981.20870.13180.050.49461031.5O27
0.0000.0030.45451.30.931.08460.22130.050.63732003.5O42
0.0000.0000.0020.2680.981.12060.36410.050.6458031.5O42
0.0000.0020.48165.00.911.14670.15090.0390.61191003.5O47
0.0000.0000.0496.40.991.17890.10770.050.5777027.5O47
0.0000.0000.0335.60.941.10791.10780.020.711420003.5O61
0.0000.0000.0000.0590.981.15830.84790.050.6058021.5O61
0.0000.0020.50356.80.901.14040.11530.040.53112003.5O64
0.0000.0000.0070.8340.961.12180.15570.050.5732034.5O64

*: Tsat, Tres are theta at saturation and residual theta respectively



Ï�·�Ñ

°3±#²?³
Ì�Í�Ñ|ÐCÞRÞ�ÒS¸Îä|Ô ¹�Ý¬Ú%ß4ÙáuÖ��ûö*ô÷â%ü ªJË ø ÞnßwÝ Ù�Õ,áuÔ\üIÕ,á�ÙÖä|Û-Ú�Û#Ú�Ö�Ú�ßNÖá~Õ,ßóÝ¬Þ,Ö¾Þúö�ãúáuß!ü Ë

ü�ª0Ë ø ×�Õ,Û0Ù%ÕnáuÔgÙ%Þnü�àwÔ@Ú�Ù�â/ÕnÔuÔ@Ú/â%Ö¾Ú/Ý�¯\áuÖ*è�áuß Öuè�ÚÌß�Ô@Ú/Õ,Ô@Ú¾ô�ÞCÝnÛ-Þ,áußwÞ�ô�ÚPØ/Þ�Ùáuß!Þ5×/Ö�Ú�Û8Ô@Õ#ô�ô¬áuß�ô
Þ,ßwÝÄØ%ä|Ûß�áuß�ô ë>® Õ�Ý�Ú�ÔuÔ?Ú#Ý8ã÷ÜnÞnÔíä�ÚÙcÞnÛ#Ú0Ù-è�Õ�¯\ß�áußûáuÖ¾Þ,Ôåá~â�Ù ë

  Theta at various soil moisture tensions (pF)BdDepthSample
A.M.P.Air4.23.02.72.42.01.71.41.00.4Code
m3/m3g/cm3cm

0.1650.0430.2570.3110.3650.3840.4220.4390.4600.5040.5751.063.5OSMP2
0.1190.0860.3700.4310.4510.4650.4890.5010.5130.5240.5351.2970.5OSMP2
0.2570.0220.1000.2000.3040.3220.3560.3730.3910.4260.5030.873.5O4A
0.2390.0310.1270.2520.3230.3420.3660.3790.3960.4460.5451.063.5O4B
0.2660.0220.1280.2580.3460.3610.3940.4100.4330.4600.4611.2941.5O4
0.2450.0270.1430.2920.3410.3580.3880.4000.4130.4430.5281.153.5O5
0.3380.0240.1000.3220.3900.4080.4370.4520.4570.4590.4641.4868.5O5
0.1620.0270.1850.2600.3010.3160.3470.3620.3800.4250.5390.993.5O11
0.1560.0380.2590.3720.3880.3980.4140.4260.4440.4770.5281.3746.5O11
0.3250.0150.0500.1270.2390.2620.3760.4550.5120.5400.5641.143.5O13
0.2890.0210.0930.1890.2940.3210.3820.4140.4520.5100.5301.2669.5O13
0.2230.0270.1900.2800.3640.3810.4130.4250.4300.4520.4631.063.5O18
0.1970.0370.3070.4120.4840.4920.5040.5110.5130.5160.5181.3244.5O18
0.1710.0220.2420.3260.3610.3800.4130.4290.4450.4880.5631.193.5O19
0.1450.0210.2580.3440.3610.3750.4030.4190.4350.4590.4611.3343.5O19
0.2170.0170.0730.1570.2230.2430.2900.3130.3390.3960.4871.2410.5O27
0.2770.0250.0890.2650.3280.3430.3660.3760.3810.3820.3901.6160.5O27
0.3410.0300.0910.3180.3820.3990.4320.4450.4600.4930.5621.083.5O42
0.2010.0320.2870.4220.4540.4670.4880.5030.5120.5120.5151.4657.5O42
0.3150.0310.2040.3780.4460.4770.5200.5330.5410.5460.5551.223.5O47
0.2830.0310.3250.5230.5640.5790.6070.6180.6210.6230.6221.1545.5O47
0.2860.0150.0720.2040.3100.3260.3580.3760.3920.4380.5551.213.5O61
0.1970.0210.0870.1980.2530.2640.2840.2950.3020.3080.3161.7665.5O61
0.2630.0330.1010.2600.3170.3330.3650.3830.3950.4280.5221.183.5O64
0.2610.0310.1570.3330.3940.4040.4190.4280.4300.4330.4351.5965.5O64

1.253.5O36A

Bd: Bulk density, Air: Theta of air dry soil (pF between 5 and 6)
A.M.P.: Available moisture for plants (Field capacity (pF=2) minus capacity at wilting point (pF=4.2))



Ï�·�Ü »5¼<½S¾S¿5À�Á~Â ì�ÃÅÄ ñOÆ5îÇ¾�¼N§ Ä Æ�»5½�î©¨>½>¿�½

°9±R²?³
Ì Í�Ñ|ÐCÞ�Í|Ò ® Ú/ÞnÙ/ä|Û#Ú#ÝûÙ%Þ,Öä|Û-Þ,Ö¾Ú/Ý÷è��¬ÝnÛ-Þ,ä|Ôåá~â�â/ÕnßSÝnä�â%ÖáuÜ�áuÖzá~ÚÙúö¾ü8ü Ý�Þ��%ª	Ý ø�ù üPÕ�Ý�Ú�Ô

à4Þ,Û-ÞnüPÚ%Ö¾Ú%Û/Ù8ÞnßSÝ±â/ÕnÛÛ#Ú�Ô@Þ,Öá~Õ,ß â#Õ�Ú�µ â%á~Ú�ßNÖ~ÙGö¾Û ø�ù Þ,ßwÝÄüIÕ�Ý¬Ú%ÔuÔ@Ú/Ý±ä|ß4Ù%ÞnÖzä|Û-ÞnÖ�Ú/ÝcèI�¬Ý,Û-Þnä|Ôíá~â
â/ÕnßwÝ,ä�â�ÖzáuÜ�áuÖá~Ú�Ù�ö¾ü�üýÝ�Þ��%ª	Ý ø ×�Õ,ÛBÙ%ÕnáuÔ�Ù%Þnü�àwÔ?ÚÙÎâ#Õ,ÔuÔ@Ú/â�Ö�Ú/Ý�¯\áuÖuè|áußIÖuè�Ú�ß
Ô?Ú#Õ,Ô@Ú¾ô�ÞAÝ,Û-ÞnáußSÞ%ô�Ú
Ø/Þ�Ùáuß Þ�×/Ö¾Ú%ÛAÔ@Õ#ô�ô¬áuß�ô ÞnßSÝÄØ%ä|Ûß�áuß�ô ë

                       Modelled K-unsat                 Model parametersK-satDepthSample
pF=4.2pF=3pF=2pF=1rnAlphaTres*Tsat*Code
mm/dmm/dmm/dmm/dm3/m3m3/m3mm/dcm

0.0000.0000.0010.2330.981.10740.76480.040.6328103.5OSMP2
0.0000.0000.0000.0041.001.06810.05460.090.540.8470.5OSMP2
0.0000.0000.0030.5410.961.11271.58880.050.5814733.5O4A
0.0000.0010.18136.00.871.44500.55750.030.601530003.5O4B
0.0000.0010.2503.70.931.24490.11460.020.474141.5O4
0.0000.0000.0000.0010.891.09432.88540.030.621883.5O5
0.0000.0050.3601.70.951.25850.00350.020.47568.5O5
0.0000.0000.0000.0860.921.13992.55920.030.68119453.5O11
0.0000.0000.0000.0070.911.07230.91590.010.5721546.5O11
0.0000.0063.92060.991.39540.02490.020.5710603.5O13
0.0000.0010.39121.90.961.27640.03140.020.5324069.5O13
0.0000.0000.0000.0000.931.035321.5460.040.537203.5O18
0.0000.0010.0390.1490.961.23750.00250.150.520.4444.5O18
0.0000.0000.0000.0030.961.09474.07910.030.6916003.5O19
0.0000.0000.0211.090.981.09960.04860.050.4711043.5O19
0.0000.0000.0000.0140.981.17300.85000.030.5713310.5O27
0.0000.0030.1810.7750.931.28540.03300.030.39260.5O27
0.0000.0000.0010.1690.941.08512.30570.050.64295003.5O42
0.0000.0020.1400.9840.991.14220.00520.030.528.257.5O42
0.0000.0000.0000.0000.861.017733.6730.040.602133.5O47
0.0000.0641.76.00.991.20080.00200.030.6320.345.5O47
0.0000.0000.0010.1680.901.13641.22750.020.6444303.5O61
0.0000.0121.327.10.941.32050.00460.020.321865.5O61
0.0000.0000.0000.0480.901.11331.99790.040.6145333.5O64
0.0000.0070.2020.5260.981.35140.00170.030.440.9165.5O64

0.013.5O36A

*: Tsat, Tres are theta at saturation and residual theta respectively



Ï�·I¶
°3±#²?³

Ì�Í�Ñ|ÐCÞU·�ÒS¸Îä|Ô ¹�Ý¬Ú%ß4ÙáuÖ��ûö*ô÷â%ü)ªJË ø ÞnßwÝ Ù�Õ,áuÔ\üIÕ,á�ÙÖä|Û-Ú�Û#Ú�Ö�Ú�ßNÖá~Õ,ßóÝ¬Þ,Ö¾Þúö�ãúáuß!ü8Ë
ü�ª0Ë ø ×�Õ,ÛÎÙ%ÕnáuÔ�Ù�Þ,ü�àSÔ@Ú�Ù�â#Õ,ÔuÔ@Ú/â�Ö�Ú/Ý8Õ,ßGÙE¹,á~Ý¬Ý¬Ú%Û�ÖzÛ-Þ�â�¹nÙ ù Û-Õ�Þ¬Ý�Ù�Þ,ßwÝcÔ@ÞnßSÝnáuß�ônÙ�áuß�ß
Ô?Ú#Õ,Ô@Ú¾ô�Þ
Ý,Û-ÞnáußSÞ%ô�Ú�Ø/ÞnÙ/áuß ë<® Õ�Ý¬Ú%ÔuÔ@Ú/Ý8ã÷ÜnÞnÔåä�Ú�ÙcÞnÛ-Ú0Ù-è4Õ�¯\ß áuß÷áuÖ�ÞnÔåá~â�Ù ë

  Theta at various soil moisture tensions (pF)BdDepthSample
A.M.P.Air4.23.02.72.42.01.71.41.00.4Code
m3/m3g/cm3cm

0.3750.0220.1630.2630.4610.4900.5380.5500.5560.5660.5721.053.5O5
0.1850.0290.2070.3080.3390.3570.3920.4150.4430.4820.5081.103.5O11
0.1930.0260.2060.2880.3510.3640.3990.4160.4300.4610.5481.163.5O13
0.3600.0250.1370.2540.3710.4350.4970.5140.5270.5340.5461.263.5O18
0.2510.0230.1350.2520.3270.3470.3870.4050.4230.4720.5641.153.5O19
0.1920.0380.2580.3590.4050.4220.4500.4590.4650.4750.4911.403.5O27

1.153.5O36B
0.2400.0270.20.3330.3870.4050.4390.4580.4840.5410.5801.273.5O42
0.3120.0350.2040.3580.4480.4720.5160.5350.5600.5920.6021.203.5O61
0.3730.0310.1840.3380.4830.5060.5570.5860.6040.6280.6340.993.5O64

1.283.5O73B

Bd: Bulk density, Air: Theta of air dry soil (pF between 5 and 6)
A.M.P.: Available moisture for plants (Field capacity (pF=2) minus capacity at wilting point (pF=4.2))

°3±#²?³
Ì:Í¬Ñ|ÐCÞ%ÏNÒ ® Ú#ÞnÙä|Û-Ú/Ý Ù%ÞnÖzä|Û-ÞnÖ�Ú/Ý è��¬ÝnÛ-Þ,ä|Ôåá~â â#Õ,ßwÝ,ä�â�ÖzáuÜ�áuÖzá~Ú�Ù ö¾ü�ü©Ý¬Þ��%ª	Ý ø�ù üPÕ�Ý¬Ú%Ô

à�ÞnÛ-Þ,üIÚ%Ö�Ú�Û/Ù8Þ,ßwÝCâ#Õ,ÛÛ-Ú%Ô@ÞnÖzá~Õnß!â/Õ�Ú�µ â%á~Ú%ß�ÖÙGözÛ ø�ù Þ,ßwÝÄüIÕ�Ý¬Ú%ÔuÔ@Ú/ÝCä|ß4Ù%Þ,Öä|Û-Þ,Ö¾Ú/Ýcè��¬ÝnÛ-Þ,ä|Ôåá~â
â/ÕnßSÝnä�â%ÖáuÜ�áuÖzá~ÚÙúö¾ü8ü©Ý�Þ��%ª1Ý ø ×�ÕnÛCÙ%ÕnáuÔ�Ù%Þnü�àwÔ@Ú�Ù÷â#Õ,ÔuÔ@Ú/â�Ö�Ú/Ý Õnß�ÙE¹,á~Ý¬Ý�Ú�Û ÖzÛ-Þ¬â!¹�Ù ù Û#Õ�Þ�Ý�Ù
Þ,ßwÝPÔ?ÞnßwÝ,áuß�ô,Ù0áuß�ß�Ô@Ú/ÕnÔ@Ú¾ô�Þ±â/Þ,Ö¾â/è�üPÚ�ßNÖ ë

                       Modelled K-unsat                 Model parametersK-satDepthSample
pF=4.2pF=3pF=2pF=1rnAlphaTres*Tsat*Code
mm/dmm/dmm/dmm/dm3/m3m3/m3mm/dcm

0.0000.0020.2010.8340.901.38930.00370.020.571.63.5O5
0.0000.0000.0070.7050.991.12670.10450.030.521403.5O11
0.0000.0000.0000.0730.941.11280.70320.030.606903.5O13
0.0000.0000.05610.50.971.36760.00620.030.551773.5O18
0.0000.0000.0000.0270.911.15020.36110.020.61433.5O19
0.0000.0000.0070.0920.971.13570.01100.040.491.33.5O27

493.5O36B
0.0000.0000.0111.30.941.13190.13210.030.603513.5O42
0.0000.0233.857.50.961.21380.01180.040.604133.5O61
0.0000.0000.0070.0520.961.29700.00630.030.630.1643.5O64

0.13.5O73B

*: Tsat, Tres are theta at saturation and residual theta respectively
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Ì:ÍRÜ4ÐCÞ¬Ò�ô�ßwÞ,ÔM�nÖzá~â#Þ,Ô�Ý¬Þ,Ö¾ÞóÕ¬Ø%Ö¾Þ,áußwÚ/ÝÄ×/Û#Õnü Ù%Õ,áuÔÎÙ%Þnü�àwÔ@Ú�Ù�â#Õ,ÔuÔ@Ú/â�Ö�Ú/Ý!áuß � ä|Ô@ÞnÙ�Ú�¯EÞ
×�ÕnÛ-Ú�ÙÖ ëq� è4Ú ßNä|üIØ/Ú%ÛCÕ5×ÄÙ%Þnü�àwÔ@ÚIà4Õ,áuß�ÖÙ±á�Ù�ô¬áuÜnÚ�ß Ø��ûß ù Öuè�Ú�õ,ß}ö±á�Ù±áuß à�Ú�Û#â#Ú%ß�Ö�Þ%ô�Ú
Õ5×IÕnÜnÚ�ß Ý,Û�±üPÞnÖ�Ú�Ûá~Þ,ÔBÞnßwÝCÖ*è4ÚPÚ�÷�â#è�Þnß�ô�Ú/Þ¬Ø%Ô@Ú±â#Þ,Öá~Õ,ß4ÙÄö£¬8Þ ù É ùSø Þ ù,® ô:ÞnßSÝ�¬<ùQú ø�ù
Ù%ÕnÔåä�Ø%Ô@Ú�¬�ßLû±Þ,ßwÝÄÚ�÷�ÖÛ#Þ¬â%Ö¾Þ�Ø�Ô@Ú&Ó�ß5úCÞ,Û-Ú^ô,áuÜnÚ�ßûáuß�üPÚ!ü é�ýRý ô�ª	ÝGÝnÛ�IÙ%Õ,áuÔ ë

PO4NO3NH4MgCaKNaLOI%C%NpH*pHnDepthSample

0.0090.0030.0784.3563.2560.0570.1428.52.530.1563.954.8430-10 cmAA1
0.0020.0040.0377.8402.4140.1910.13711.02.200.1303.814.904AB1
0.0140.0230.0699.0922.5490.1710.2635.43.740.2844.115.221A32
0.0010.0060.0257.7071.2490.1010.09111.61.740.1413.935.221A47
0.0060.0010.0539.1672.6950.1600.14611.02.260.1443.945.161A126
0.0030.0030.0717.1452.5350.1500.1047.01.570.1434.065.231A141
0.0050.0180.0785.9743.3420.1330.19811.23.510.2424.215.131A221

6.6202.3900.0800.28013.03.980.2774.245.5110-8 cmSoil pit
0.0050.0060.0576.9332.6300.1330.1589.92.550.1713.975.05Weighted Average
0.0040.0070.0201.6300.5440.0530.0542.10.710.0550.140.20SD

0.0040.0090.0274.4852.9510.0450.1398.21.860.1244.035.02310-20 cmAA2
0.0080.0040.0407.0221.8520.0890.13410.71.550.1053.784.914AB2
0.0010.0080.04110.6772.5090.0920.20014.42.000.1774.145.421A32
0.0010.0080.0155.1610.5830.0430.0839.00.800.1143.945.331A47
0.0010.0000.02410.2772.5820.1430.13010.61.050.1023.935.281A126
0.0010.0010.0269.4282.4510.0840.1406.70.870.0984.185.601A141
0.0010.0210.0366.7133.2010.1020.1898.71.760.1504.195.301A221
0.0040.0070.0326.9832.2990.0800.1419.71.520.1193.975.14Weighted Average
0.0030.0050.0082.0930.7060.0290.0281.90.390.0220.150.23SD

0.0020.0140.0286.5563.0600.0360.2158.01.390.0984.055.14320-30 cmAA3
0.0110.0180.0227.2012.0800.0890.1739.71.180.0873.754.904AB3
0.0020.0040.0086.7471.8330.0650.1567.40.730.0583.655.105ABMS3

7.7502.2400.0600.29012.12.370.1884.165.22119-26 cmSoil pit
0.0050.0110.0186.9202.2230.0650.1858.61.150.0863.815.06Weighted Average
0.0040.0060.0080.3460.4760.0190.0381.40.440.0340.180.11SD

0.0010.0040.0097.7021.7480.0590.3066.20.540.0454.025.39340-50 cmAA5
0.0040.0110.0125.0620.6860.0730.1228.50.640.0493.805.124AB5
0.0010.0060.0057.4531.2270.0680.2256.20.310.0263.745.045ABMS5

10.9802.3600.0800.30010.20.550.0524.135.28135-40 cmSoil pit
0.0020.0070.0087.0461.2680.0680.2187.20.480.0393.855.16Weighted Average
0.0010.0030.0031.6010.5000.0060.0721.40.140.0110.130.14SD

0.0010.0030.0018.2381.6850.0540.3505.70.280.0224.125.54360-70 cmAA7
0.0020.0060.0087.4700.7640.0910.1667.80.320.0313.835.234AB7
0.0020.0050.0038.7560.7700.0910.3036.40.190.0203.785.215ABMS7

10.7402.0100.0800.3809.40.230.0294.165.67150-63 cmSoil pit
0.0020.0050.0048.3931.0750.0820.2786.90.250.0253.905.33Weighted Average
0.0000.0010.0030.8610.4680.0150.0781.10.060.0050.150.17SD

0.0020.0050.00110.1901.3970.0630.4295.40.090.0124.115.71390-100 cmAA10
0.0020.0050.0098.8361.3040.1100.2437.50.170.0203.555.204AB10

10.6901.8300.0800.4200.200.0234.225.45175-80 cmSoil pit
0.0020.0050.0069.5761.4050.0890.3356.60.140.0174.395.42Weighted Average
0.0000.0000.0040.7550.1660.0220.0921.00.040.0040.300.24SD

11.9602.0600.1100.3600.014.135.581115-130 cmSoil pit

pH*: pH of soil in KCl solution
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PO4NO3NH4MgCaKNaLOI%C%NpH*pHnDepthSample

0.0070.0060.0502.8132.2630.0420.1686.61.860.1174.235.3640-10 cmBA1
0.0160.0360.0714.5821.9990.0630.2206.82.660.1714.445.453BB1
0.0090.1040.0693.7973.0190.0970.2107.11.510.1064.425.541B17
0.0070.0140.0763.8232.7890.0840.2347.32.300.1574.465.341B32
0.0110.0460.0524.6632.9390.0820.3396.23.760.2344.495.391B59
0.0160.0350.0404.0472.9530.0840.3397.52.580.1694.455.411B80
0.0030.0080.0263.0801.9420.0590.2625.20.880.0774.315.631B92

1.2301.3700.0300.0345.62.090.1274.365.6710-10 cmSoil pit
0.0100.0280.0563.5112.3120.0610.2126.62.200.1424.365.44Weighted Average
0.0040.0270.0150.9830.4690.0200.0760.60.670.0390.100.10SD

0.0030.0060.0253.5462.2300.0250.1975.71.710.1044.155.38410-20 cmBA2
0.0100.0360.0714.5821.9990.0630.2206.02.200.1474.405.353BB2
0.0030.0350.0403.6072.7920.0350.2405.21.040.0854.375.831B17
0.0020.0490.0513.3332.2510.0500.1816.31.820.1374.455.551B32
0.0010.0200.0304.7112.4960.0350.3329.11.730.1304.345.591B59
0.0020.0060.0253.5532.6450.0340.2337.01.260.1024.515.711B80
0.0010.0150.0243.5151.9390.0560.2715.51.340.1004.385.831B92
0.0040.0210.0403.8872.2530.0420.2256.21.720.1184.325.51Weighted Average
0.0030.0150.0190.5190.2580.0160.0401.00.360.0210.130.18SD

0.0050.0030.0224.0761.7350.0190.1955.61.170.0744.155.50420-30 cmBA3
0.0050.0050.0232.5631.0700.0200.1454.91.610.1004.325.453BB3

1.1300.9800.0200.3503.20.460.0334.356.01118-35 cmSoil pit
0.0050.0040.0223.1401.3910.0200.1965.01.250.0794.245.55Weighted Average
0.0010.0100.0061.0330.3450.0010.0630.80.360.0210.090.18SD

0.0050.0030.0027.1170.8310.0250.2174.40.410.0294.085.66440-50 cmBA5
0.0010.0050.0033.5390.6610.0240.1653.60.450.0344.385.633BB5
0.0020.0110.0075.1611.4000.0360.2445.20.800.0544.005.405BBMS5

8.2201.1800.0700.4207.00.360.0394.665.921Soil pit
0.0030.0070.0045.6241.0370.0320.2314.70.570.0414.165.57Weighted Average
0.0020.0040.0021.5130.3130.0120.0620.90.190.0110.210.15SD

0.0020.0050.0019.5060.0170.0240.3364.40.360.0194.005.79460-70 cmBA7
0.0020.0050.0013.9640.4430.0260.3174.40.330.0284.445.703BB7
0.0010.0090.0017.7440.9170.0300.3274.90.280.0224.185.665BBMS7

15.1701.3600.0600.5107.40.200.0204.476.651Soil pit
0.0020.0070.0017.9850.5650.0300.3424.80.310.0224.215.79Weighted Average
0.0000.0020.0002.9050.4380.0090.0490.80.050.0030.180.26SD

0.0010.0060.0017.7310.0510.0270.2284.40.170.0154.095.95280-90 cmBA9
0.0050.0040.0017.1700.3120.0170.4245.20.340.0304.655.952BB9

16.6401.1600.0400.5307.40.064.126.541Soil pit
0.0030.0050.0018.6340.2880.0250.3395.30.220.0234.326.07Weighted Average
0.0020.0010.0003.6840.4080.0080.1201.10.110.0080.270.24SD

0.0020.0030.00110.0320.3220.0110.5937.00.590.0424.685.921100-110 cmBB11

pH*: pH of soil in KCl solution
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PO4NO3NH4MgCaKNaLOI%C%NpH*pHnDepthSample

0.0120.0060.0452.1872.0230.0540.14513.03.430.1603.784.8330-10 cmCR1
0.0140.0080.0582.2532.0430.0390.15214.03.570.1913.854.353CM1
0.0160.0230.0692.4592.6080.0640.28114.33.580.2173.984.523CV1
0.0080.0100.0522.0453.1780.0620.17714.33.640.1784.295.101C20
0.0080.0890.1072.8063.5680.0760.22015.34.050.2324.365.171C88
0.0010.0110.0511.4021.9500.0490.17214.02.580.1384.405.171C98

1.4701.5800.0300.20015.13.070.1914.334.991Soil pit
0.0120.0180.0612.1862.3310.0530.19314.03.470.1884.024.73Weighted Average
0.0040.0220.0170.3690.5350.0130.0530.70.330.0270.230.30SD

0.0050.0040.0140.9410.6880.0200.06010.11.490.0823.725.02310-20 cmCR2
0.0050.0080.0311.4171.1290.0190.08812.12.310.1243.844.453CM2
0.0030.0100.0371.4201.2960.0220.11512.22.230.1423.944.573CV2
0.0030.0090.0161.2501.5020.0270.14410.41.000.0734.005.101C20
0.0010.0310.0421.7231.8330.0380.11612.82.740.1694.185.141C88
0.0010.0100.0241.1281.1590.0290.10614.00.820.0654.405.171C98

1.1901.1900.0200.27011.31.620.0914.245.21114-20 cmSoilPit
0.0040.0100.0271.2791.1560.0230.11011.71.870.1113.954.83Weighted Average
0.0010.0070.0100.2300.3160.0050.0531.20.560.0320.200.30SD

0.0030.0040.0090.7180.4310.0180.0619.61.130.0613.714.90320-30 cmCR3
0.0030.0060.0201.2690.8570.0130.07711.11.670.0933.844.433CM3
0.0020.0130.0171.0070.9690.0110.0697.41.460.0933.914.523CV3
0.0020.0070.0110.7740.8100.0190.07510.21.220.0744.005.483CBMS3
0.0030.0080.0140.9420.7670.0150.0719.61.370.0803.874.83Weighted Average
0.0010.0030.0040.2180.2020.0030.0061.40.210.0140.110.41SD

0.0030.0040.0060.1380.0230.0170.0358.70.470.0343.594.95340-50 cmCR5
0.0020.0100.0090.7530.3270.0070.07010.00.840.0653.854.703CM5
0.0050.0130.0090.5110.2700.0060.0559.50.730.0683.934.403CV5
0.0030.0040.0070.2090.1700.0190.0808.70.550.0383.805.053CBMS5

0.7300.6500.0200.29011.70.640.0594.174.98143-53 cmSoilPit
0.0030.0080.0080.4280.2320.0130.0789.40.650.0523.824.79Weighted Average
0.0010.0040.0010.2520.1640.0060.0630.80.140.0150.160.25SD

0.0020.0030.0040.0940.0170.0250.0318.10.410.0263.664.56360-70 cmCR7
0.0020.0090.0070.2810.0860.0060.06410.50.600.0523.824.623CM7
0.0020.0120.0070.4980.2450.0100.0729.50.560.0493.944.403CV7
0.0010.0030.0070.3380.1910.0180.0423CBMS7

0.8000.6000.0200.32010.80.330.0304.095.21173-93 cmSoilPit
0.0020.0080.0060.3300.1530.0140.0769.50.500.0413.844.60Weighted Average
0.0000.0040.0010.1920.1510.0070.0731.00.100.0120.140.22SD

0.6300.6000.0200.2900.194.054.68197-105 cmSoil pit

0.5400.5600.0200.3100.114.014.461152-162 cmSoil pit

pH*: pH of soil in KCl solution
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PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0380.0490.1200.8230.7710.0460.1599.13.3690.2423.534.044
0.0020.0070.0660.9040.5500.0990.1056.71.3120.0913.543.975
0.0010.0120.0910.4930.0940.1500.1067.01.5580.0783.904.348
0.0400.7460.1212.0301.6830.1480.15110.03.8290.2864.014.299
0.0050.0450.1300.4290.0660.0380.1077.22.3790.1103.734.1211
0.0070.0910.0591.6140.7350.1050.1764.00.9480.0674.405.0413
0.1120.1320.1523.3664.8340.2130.33712.65.5840.4605.115.3414
0.0010.0840.0801.0311.6980.0620.1809.71.5390.0964.414.8318
0.0140.1220.1011.1291.5580.1160.2318.11.9530.1414.214.7419
0.0120.0560.0562.0500.2120.0270.3407.41.7940.0773.684.5122
0.0010.0100.1060.7750.4920.0760.1348.11.5850.0813.484.0624
0.0140.0130.0660.9640.7850.0460.2036.02.2160.0783.674.3627
0.0070.0530.1011.3321.0250.0550.1308.32.2550.1233.784.3234
0.0110.0880.1072.7350.9850.0330.1837.32.0200.1154.074.6936
0.0260.5250.1552.6962.8900.3060.16210.43.2010.2353.605.0133
0.0020.1370.1421.7002.2990.0820.12912.62.8260.1694.615.0442
0.0020.1290.1994.9360.7400.1620.1707.51.5270.0853.894.7345
0.0020.0080.3351.7360.3980.2550.2179.51.6760.0843.984.5547
0.0020.0320.2810.6890.8930.1220.1168.11.3480.0763.144.0254
0.0060.0600.4383.8461.5730.2060.15410.13.0020.1923.614.3559
0.0030.0020.1750.8180.5930.1090.0958.31.9130.0693.904.7060
0.0060.1910.3061.1370.9540.1610.0966.21.2800.0554.014.7361
0.0080.1430.2876.5853.4140.0760.2066.02.0390.1184.345.1564
0.0020.1520.3401.7091.8760.0780.20512.02.4460.1614.124.8267
0.0040.3410.2462.6530.8950.0850.1476.01.9300.1134.655.3373

0.0130.1290.1701.9271.2800.1140.1708.32.2210.1363.974.60Average
0.0230.1700.1031.4501.0910.0700.0632.10.9780.0890.430.40SD

* pH measured in KCl solution
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PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0160.0420.0620.5000.4430.0250.1367.52.1540.1693.814.304
0.0010.0050.1020.4540.1910.1340.0826.20.7030.0513.574.015
0.0010.0200.0920.0880.0170.0820.0624.30.3130.0283.774.168
0.0100.2510.0821.2960.3210.1270.1157.71.5690.1493.694.079
0.0060.0390.1150.4500.0340.0300.1926.52.0290.0933.784.1911
0.0040.1100.0691.8030.7680.0930.1013.70.7650.0624.224.9813
0.0110.1450.0671.5611.4030.0650.1316.91.6370.1624.485.0614
0.0010.0470.0600.9321.4990.0460.0879.71.0530.0774.124.6618
0.0080.0750.0660.7371.0490.0790.1657.51.3080.1054.154.7819
0.0010.0160.0491.6940.0230.0140.2904.80.5430.0343.604.8022
0.0010.0130.0870.5020.1470.0590.0996.21.0630.0523.373.9224
0.0020.0450.0770.5500.3830.0240.1184.91.1020.0523.724.4327
0.0040.0500.1091.1670.9030.0400.0927.51.5910.0973.704.2434
0.0140.2050.1082.7641.0240.0360.1147.82.3150.1344.214.7736
0.0040.1340.1391.9360.6100.1900.0698.51.6130.1313.944.4633
0.0010.2380.3241.4502.2420.0480.05212.02.0820.1314.575.0142
0.0010.0570.1746.8830.3700.1660.2047.50.9290.0583.914.9545
0.0020.0060.1701.5980.1570.1080.1508.11.2500.0583.714.5647
0.0010.0140.2140.3240.4960.0890.0607.00.5810.0403.114.1454
0.0010.0020.1751.9340.2120.1080.0847.70.7340.0623.153.9159
0.0010.0010.1060.5860.2560.0650.0617.70.9400.0383.734.6460
0.0010.0420.0850.6220.4760.1850.0604.30.2610.0123.704.5561
0.0050.0460.1796.5443.1980.0740.1996.41.8400.1174.195.1764
0.0010.0390.4112.2122.0700.0550.15012.01.9550.1364.094.7967
0.0010.0510.1943.2470.5210.0850.0885.00.9410.0644.415.3873

0.0040.0680.1331.6730.7520.0810.1187.11.2510.0843.874.56Average
0.0040.0710.0841.6790.7760.0480.0562.00.5860.0440.370.40SD

* pH measured in KCl solution
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PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0050.0120.0350.5410.0170.0170.1614.80.2580.0494.084.844
0.0010.0100.0220.1030.0160.0610.0805.00.1010.0173.674.205
0.0010.0040.0230.0290.0180.0750.0344.30.0490.0123.954.438
0.0010.0910.0633.1930.0170.1540.0764.50.2700.0403.764.709
0.0010.0110.0390.2650.0170.0130.1145.00.4080.0383.894.6311
0.0010.0570.1061.8090.4950.0680.1814.60.7040.0643.844.6813
0.0020.0570.1101.8170.9770.0430.1575.30.7120.0774.034.9514
0.0010.0420.0390.2030.2490.0250.06010.80.2020.0283.984.5418
0.0010.0220.0671.2410.8830.0620.1324.80.2240.0184.874.9019
0.0010.0120.0412.2420.0160.0200.3424.80.2840.0243.564.9122
0.0010.0150.0670.0790.0160.0440.0726.90.4300.0253.714.2024
0.0010.0090.0282.8760.0170.0410.2574.00.1980.0203.444.9827
0.0010.0110.0610.1670.0350.0200.0846.80.7880.0493.674.2034
0.0010.0250.1402.5010.7150.0120.1125.80.9610.0503.914.7936
0.0010.0300.1440.6450.2120.0260.0547.60.4180.0423.874.4733
0.0010.0870.2040.6121.0740.0120.05010.31.2000.0613.934.5442
0.0010.0160.01214.3360.0290.2020.2897.10.0870.0244.045.6645
0.0010.0030.0431.2310.0160.0930.0826.10.0890.0083.474.5347
0.0010.0060.0310.0280.1180.0680.0373.80.1230.0113.624.6854
0.0010.0010.1080.8850.0160.0890.0785.60.2190.0243.364.3059
0.0010.0180.0830.7370.0160.0640.0768.50.2600.0203.804.7760
0.0020.0150.0220.1330.0720.1650.0634.50.1150.0043.564.5361
0.0010.0160.0936.1441.6960.0920.1984.20.5220.0363.965.3464
0.0010.0380.1190.9320.4140.0220.14910.80.4140.0453.774.7267
0.0010.0290.0448.8090.0380.0600.2298.30.2560.0333.965.4973

0.0010.0250.0702.0620.2880.0620.1276.20.3720.0333.834.72Average
0.0010.0240.0473.2090.4360.0490.0812.10.2890.0180.290.37SD

* pH measured in KCl solution
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PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0240.0160.0961.2971.6450.0940.1288.52.9180.1324.035.074
0.0050.0080.1231.0831.0300.1880.0957.71.8620.0944.215.155
0.0020.0400.2090.8630.5230.1810.1216.71.3410.0703.934.908
0.0360.3120.1803.5482.7470.2780.09311.03.5340.3084.435.079
0.0100.0590.0662.9041.7980.1920.1277.91.5540.0844.235.4411
0.0040.0790.0312.8521.5120.2530.0773.90.9750.0704.845.5413
0.0270.0580.1424.3134.7900.2540.14210.94.4440.3384.995.7314
0.0070.0630.0941.9122.6510.1260.09711.02.6510.1634.455.3618
0.0070.0620.0901.5331.4490.1380.0818.81.9150.1394.095.1419
0.0100.0150.0503.1730.8100.0840.1086.31.8670.0793.965.3722
0.0050.0090.1131.1400.9350.1310.1127.41.7460.0804.085.2324
0.0160.0190.0851.0130.7520.0590.0995.91.5740.0683.985.2127
0.0270.0500.1272.0621.8260.1980.1179.83.0740.1714.035.1134
0.0210.0110.1514.1663.0640.3190.06710.03.1570.2064.605.3936
0.0180.0490.1822.6022.2440.2670.08010.32.7210.1914.535.4333
0.0050.0340.1052.3952.7540.0690.08412.82.6550.1674.555.3542
0.0150.0420.0945.0811.3500.2730.1548.82.0490.0924.245.4445
0.0010.0040.0270.5030.0410.0490.09710.31.1840.0123.734.8747
0.0040.0210.0680.6820.8430.1490.0838.30.5460.0553.794.9054
0.0090.0040.0823.0971.0190.1930.1339.22.0740.1553.924.9159
0.0090.0040.1041.5430.9510.2990.1198.51.6260.0823.935.1360
0.0140.0500.0651.5991.4000.2490.0596.30.9900.0604.155.2261
0.0090.0080.0516.0502.6120.0770.2266.72.2420.1314.575.5964
0.0040.0220.1403.3083.5450.2700.14113.63.2970.2164.655.3567
0.0020.0050.1062.1261.0170.0960.1257.02.1460.0744.575.2973

0.0120.0420.1032.4341.7320.1790.1118.72.1660.1304.265.25Average
0.0090.0600.0451.3991.0670.0830.0342.20.8950.0770.330.22SD

* pH measured in KCl solution
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PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0070.0080.1181.0981.2550.0680.1236.71.9080.0953.965.134
0.0020.0350.1091.2770.9750.1680.1297.51.2380.0634.144.815
0.0010.0280.1500.5420.3140.1540.1155.70.7710.0403.874.918
0.0030.1370.0602.7071.2330.1910.0738.21.7450.1653.954.889
0.0020.0320.0422.4881.2960.1060.0947.61.3160.0764.135.3011
0.0010.0480.0242.2971.1370.1600.0773.60.8670.0574.555.7213
0.0030.0340.0793.4072.7230.1150.1307.21.7080.1614.705.6914
0.0010.0440.0642.1022.4310.1280.0869.81.5670.1154.265.2418
0.0010.0400.0561.0900.9740.0990.0587.91.2350.0884.005.0419
0.0010.0130.0243.4300.2640.0300.1294.60.7120.0363.965.6922
0.0010.0040.0520.6140.1760.0860.0586.30.7710.0493.874.0024
0.0050.0180.0340.8730.4840.0460.0934.70.9010.0414.045.1227
0.0090.0450.0811.6831.3410.1310.1078.21.9950.1013.924.9034
0.0060.0020.0872.9062.1730.1050.07610.31.9830.1234.335.4036
0.0030.0250.0771.7700.5890.1190.0728.51.4310.1063.904.8633
0.0020.0180.0671.9202.4930.0420.07311.92.0290.1134.585.4442
0.0060.0230.0546.7450.5530.2050.1687.81.0750.0614.065.5345
0.0010.0040.0220.2010.0160.0330.07310.20.1230.0023.764.7147
0.0010.0120.0400.4290.4570.1300.0648.10.4970.0343.834.9654
0.0020.0040.0683.1400.6230.1750.1358.21.0670.0903.824.9659
0.0020.0030.0501.1530.4910.2280.0888.00.9920.0493.955.1760
0.0020.0190.0581.0510.7950.1930.0424.70.4240.0064.045.2261
0.0030.0020.0337.2403.0480.0750.2496.51.8300.1194.445.7664
0.0020.0140.1212.6342.5320.1490.12211.51.9410.0984.405.2567
0.0010.0060.0542.2930.6820.0680.0925.31.2510.0504.575.3773

0.0030.0250.0652.2041.1620.1200.1017.61.2550.0774.125.16Average
0.0020.0270.0321.6900.8710.0550.0422.10.5370.0420.270.38SD

* pH measured in KCl solution



þRþ�º »5¼<½<¾�¿5À$Á~Â/Y ÃÔÄ[Z Æ]\¦»5¼<À_^òÆ�»5½(\ao>½>¿�½

°9±R²?³Cÿg� Ü�� Ê � ô�����	`�
R���9��	��K�
��e��������������W��!"�
#�$��
��	�$��
#('�	Q�0$?S�x ý
lJ�0ý �*#�U:���
	�	Q�9����9�H����4��f	Q�"A�AK���:�
�5�?��./!0������ßh	)���
	)��AP�H�������4O#8�*�>�1QõQßLöF���~zj�]�f�
B
���D�
!0�?#-�����!0���
	)1
LOI%C%NpH*pHSample pt.

4.90.4500.0323.924.554
5.80.2800.0243.974.405
5.00.1500.0103.974.158
6.70.8300.0803.994.569
7.60.2710.0334.085.1711
4.60.7200.0614.004.8313
5.60.9200.0923.055.0314
9.40.3500.0413.944.6918
6.30.5800.0473.954.7019
3.40.1300.0113.905.4022
6.30.6500.0343.975.1324
3.70.2900.0193.895.2027
7.21.2000.0803.884.3234
9.00.8400.0643.924.9036
8.00.8000.0673.864.4033

10.61.2400.0684.004.5942
6.70.3400.0213.955.0445
9.80.0500.0003.924.6747
6.20.2400.0133.894.4054
5.10.3200.0293.944.5059
8.10.4100.0223.904.8760
3.80.0900.0053.874.4061
4.20.9600.0554.075.0964

11.40.7000.0603.974.5567
4.90.8100.0464.275.0173

6.60.5450.0413.924.74Average
2.20.3370.0250.200.32SD

* pH measured in KCl solution



þRþ�Ê

°3±#²?³Cÿ:� Ü6�CÞUÛ � ô��5�
	`�
R�����
	<������a������
�������-��!"��#b$��
��	n$��
#('�	)�*$+S]k ý�lOyRý �*#�UD���
	�	Q�9����9������4��+	)�"A�AP�9�{�������*./!0�5��� ßh	)����	)��AK�����
��94/#-�����1\õ,ß}ö����dz��]�D�
B
�*���
!0��#-�����È!0����	}E���÷P��46���PAP������	)�grg�LEOÉTE ø �LE<s?AHr(tQú�E_r�ßLûI����� ø ��È�õ�������
��H��÷K�!"�K�*�����	)�=V3���#8�!üTX ý�ý A u Ý?�
!0�8$�����	)1
PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0010.0370.0181.1420.5550.0580.1434.70.1870.0164.015.294
0.0010.0110.0120.1640.0160.0410.0405.30.0980.0144.074.875
0.0010.0100.0070.0280.0170.0660.0464.70.0930.0093.954.868
0.0010.0820.0114.3650.0430.2250.0595.90.4730.0474.165.289
0.0020.0450.0072.0240.1450.0190.0997.60.2710.0334.085.1711
0.0020.0880.0323.6670.6610.1370.1274.60.6000.0565.285.5513
0.0010.0340.0493.5751.6540.0510.1194.80.4480.0434.536.1614
0.0010.0550.0131.0900.8690.0400.0779.50.2750.0354.105.1718
0.0010.0230.0130.7330.5050.0190.0737.70.3930.0363.954.8519
0.0010.0070.0009.5300.0180.0250.2524.10.1010.0154.076.2522
0.0010.0060.0081.2580.0160.0460.0715.20.0790.0123.975.0124
0.0010.0130.0034.7810.0170.0220.2774.20.1590.0113.916.0127
0.0040.0250.0090.2210.0680.0200.0937.10.8120.0443.974.8734
0.0030.0090.0101.9620.7950.0310.0638.00.6220.0404.065.4036
0.0080.0360.0250.9620.2350.0520.0657.50.5980.0453.944.6933
0.0010.0180.0120.4550.7420.0130.05010.40.9090.0414.185.1542
0.0010.0120.00013.0830.0170.0720.2696.80.1420.0293.795.0745
0.0050.0040.0060.2720.0160.0310.07410.50.1290.0013.754.6947
0.0010.0090.0150.0610.1280.0390.0595.60.1250.0073.875.0354
0.0010.0040.0031.0270.0170.0720.0694.70.1920.0283.805.0059
0.0010.0110.0100.6240.0150.0320.0578.80.1480.0163.965.2460
0.0010.0140.0050.1360.0380.0940.0204.30.0620.0333.974.9161
0.0010.0080.0026.0271.1840.0510.2084.50.3870.0334.366.2864
0.0010.0230.0080.6320.2170.0200.12810.70.2890.0284.015.1167
0.0020.0110.0063.6900.0180.0250.0914.30.2640.0254.715.8173

0.0020.0240.0112.4600.3200.0520.1056.50.3140.0284.105.27Average
0.0020.0220.0103.1270.4320.0450.0712.10.2330.0140.320.47SD

* pH measured in KCl solution



þPpRÛ »5¼<½<¾�¿5À$Á~Â/Y ÃÔÄ[Z Æ]\¦»5¼<À_^òÆ�»5½(\ao>½>¿�½
°9±R²?³Cÿ+� Ü���Þ�Þ � ô��5�
	`�
R�����
	W���
�����������������:��!"�
#�$��
��	�$��
#('�	)�*$MS ý
l X ý �*#�U����
	�	)���������
�,	)���������PA�$9E<!9�J�K�L$ �
���H$E¹������K�*!8R!"���!¹
$g���,G46��ßh	)���
	Q�RAP�����
���4O#8�*�>�1õ,ß}ög���{zq�]��
B
�*���
!0�a#-�����!0���
	`E8��÷O�94��
�PAP������	)�:rT�LElÉTE ø �
ETs?A
EFr(t>ú�E�r�ß5ûM����� ø �#È�õw�K�*��
���E÷KR!"���������	)��V����I#8��ügX ý�ý A u ÝH�
!0�-$��
��	Q1

PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0120.0410.2141.0711.3750.1180.11311.94.8980.1374.105.364
0.0060.0090.0692.2331.7000.2140.15312.22.7160.0804.295.125
0.0030.0690.0573.4860.9050.1290.1239.52.5380.0864.365.2911
0.0010.0100.0271.5560.4170.0870.1366.40.7000.0273.905.1318
0.0390.0690.1411.5731.7630.2470.1238.32.0820.0934.845.5419
0.0030.0310.0238.4300.3910.0640.2454.80.9210.0244.205.5922
0.0090.0470.1461.2050.1950.0850.2197.81.5200.0553.854.7024
0.0090.0270.0781.3841.3290.1380.17411.21.9790.0703.834.7527
0.0050.0810.0941.8291.9540.0810.07211.22.1610.0954.324.8942
0.0090.0270.0464.0470.8990.1550.2005.21.3450.0644.055.2145
0.0010.0030.0240.3960.1580.0540.0747.40.3630.0153.924.8854
0.0080.0960.1424.1402.1310.3140.15211.73.0710.0984.385.2161
0.0040.0100.1512.4443.0460.2510.16215.02.9540.0994.365.1164
0.0020.0180.1413.2872.2710.2800.11212.02.9430.1694.295.2267

0.0080.0390.0972.6491.3240.1580.1479.62.1560.0794.195.14Average
0.0090.0290.0571.9490.8420.0840.0492.91.1350.0410.270.26SD

* pH measured in KCl solution°9±R²?³Cÿ(� Ü6�CÞ � � ô�����	`�
R���9��	5�K�
��-��������������n��!"�
#�$��
��	>$��
#('�	)�*$TS]X ý�l i ý �*#�Ug���
	�	)��������-�
�	)�
�5�
���OA
$�Ev!"�����L$W�
���T$E¹���������!��!"�K��¹
$(���óßh	)���
	)��AP�8���
��94/#-�����1�õQßLö����Dz��]���
B
�*���
!0�#-�����!0���
	`E��E÷O��46���PAP�9�K�*	Q�TrT�
E�ÉTE ø �
E&s A�E_r(t>ú�Ecr�ßLû������ ø ��È�õ�������
��?��÷�R!"�K�*�����	)�V����I#8�!üTX ýRý A
u Ý ��!0�-$*����	)1
PO4NO3NH4MgCaKNaLOI%C%NpH*pHSample pt.

0.0100.0150.0530.5160.4780.0630.0798.42.6330.0814.095.284
0.0030.0080.1041.3000.8900.2250.08710.51.6940.0584.185.205
0.0010.0500.0423.1030.5780.0690.1368.51.1410.0424.175.3711
0.0010.0180.0192.2770.3180.0800.1197.00.5050.0213.975.1718
0.0320.0740.1111.5631.5210.2640.1368.31.5190.0714.035.2819
0.0080.0150.0684.1850.8690.0570.1955.81.6970.0454.205.5822
0.0020.0540.0690.8240.0850.0470.1076.70.8510.0303.894.6524
0.0010.0100.0330.7090.4900.0430.0939.50.9590.0403.844.8927
0.0050.0460.0761.1251.1840.0570.0549.41.1390.0524.315.5442
0.0310.0280.1224.7221.6560.2330.20515.34.1620.2064.105.0745
0.0010.0040.0240.3230.0930.0490.0547.00.2340.0123.934.8654
0.0050.0520.1023.9601.8760.2290.1239.72.1470.0734.385.3661
0.0010.0430.0470.7920.5920.0830.06810.81.3870.0584.144.9064
0.0020.0030.0662.5241.4140.1610.09710.21.8460.1204.185.1967

0.0070.0300.0671.9950.8600.1190.1119.11.5650.0654.105.17Average
0.0100.0220.0321.4280.5630.0810.0452.30.9450.0470.150.26SD

* pH measured in KCl solution



þPp?Þ

°3±#²?³Cÿ(� Ü���Þ�· � ô��5�
	`�
R�����
	�������-������
�������n��!"��#3$�����	�$��
#('�	Q�0$TS�x ý
lOyRý ��#(Ug���
	�	Q�9����9�-���	)���������PA�$9E�!"�����
$W�
�5�T$"¹������K�*!�R!"���!¹L$����Çßh	)����	)��AK�-���
��94/#-�����1,õ,ß}ö<���az��]�W�
B
���7��!0�#8�
��*!0����	)1
LOI%C%NpH*pHSample pt.

4.70.3360.0214.135.464
13.10.4680.0283.955.095
7.10.2450.0194.085.5011
7.40.0550.0484.015.6218
4.60.1630.0124.375.1619
3.10.1110.0083.646.5022
4.90.0640.0033.884.7724
8.50.2680.0173.834.9927
8.60.8070.0384.215.1442
7.70.1080.0194.026.3445
6.40.0910.0073.964.8154
9.10.8610.0364.125.3661

10.20.1300.0314.105.0664
6.80.2930.0384.165.2367

7.30.2860.0234.035.36Average
2.50.2510.0130.170.49SD

* pH measured in KCl solution



þPp � »5¼<½<¾�¿5À$Á~Â/Y ÃÔÄ[Z Æ]\¦»5¼<À_^òÆ�»5½(\ao>½>¿�½
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�5�9����R!"��������6$_���8#=�@$�$0���
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BMnZnMgCaKPNCode

0.2020.1781.1270.0360.471GRS1
3.9284150.2790.2671.5290.0490.466GRS2

±[²L³w½ ¸ ´ � µ0¶J¼J· � ¹}³;¶*·wÒ@ÅNÆ Ò Æ Õ Æ × ¸v¸ ¶L¾<Ó 
�Ô ´]µ0¶L´]³]¶�· ��¸ ·�¹}µ0¶Lº[µ Í ºR³ � Â*³;¾&¹}¶_¿L¹}¶L³w´]µ0½&¿�µ0¶�³;¶*·�º ¸!� ³ºR²Lµ;Õw¶T¹}¶f± ¸ Í À}³]º Î Ö Ä Î Æ Î Ö Ä Ö�Æ Î Ö Ä ×LÆ Î Ö Ä Ï�¸ ¶L¾f± ¸ Í À}³ Î Ö Ä Ø � ³]º�¿�³]´�·�¹ Â*³;À Á*ÄhÙJ³]¿ ¸!��¸ ·�³h»)µ0À}¹ ¸!
 ³nº ¸ ½&¿�À}³;ºÕ�³ � ³�´;µ0À}À}³]´�·�³;¾<» � µ0½,·R²�³�À}µ"Õ�³ �1Î"Ú Öc½Mµ�»O·R²�³�´ � µ"Õw¶FÒ)À}µ"Õ Ô ÆJ·R²�³�½&¹}¾L¾LÀ}³ Î"Ú Öc½Mµ�»O·�²L³�´ � µ"Õw¶FÒQ½&¹}¾ Ô¸ ¶L¾<·R²L³N¼L¿�¿�³ �;Î"Ú Ön½~µ�»/·R²�³v´ � µ"Õw¶fÒQ²L¹ 
 ² Ô Ä × µ0¶�´;³]¶*· �R¸ ·R¹}µ0¶�º�µ�»>Û�¶KÆ
ÓW¶ ¸ ¶L¾�ÑH¹}¶<·�²L³v»)µ0À}¹ ¸!
 ³ ¸!� ³
 ¹ Â*³]¶�¹}¶(± ¸ Í À}³ Î Ö Ä Ü�Ä× µ0¶L´]³]¶�· ��¸ ·�¹}µ0¶Lº�µ�»K¶J¼�· � ¹}³]¶*·Rº�¹}¶n· � ³]³�º�·R³]½&º�º ¸ ½&¿LÀ}³]¾h¹}¶n·�²L³ Ø À}³]µ0À}³ 
*¸ ´ ¸ ·�´�²L½&³]¶*·�¹}¶Qï�³]´]³]½ Í ³ �È;É0É Ó Ò Ø È Ú�Ø È Î*Ô�¸ ¶L¾T¹}¶T½ ¸!� ´�²-È;É0É�È�Ò Ø È;Ö�Æ Ø È]× Ô�¸!� ³ 
 ¹ Â*³]¶T¹}¶F± ¸ Í À}³ Î Ö Ä Ö ÄhÙ ¸ ½&¿LÀ}³]º�´]µJ¾�³;¾ Ø È0ÆØ5Î<¸ ¶L¾ Ø Ö&Õ5³ � ³n´]µ0À}À}³]´�·R³]¾ ¸ ·vº ¸ ½&¿�À}³_¿�µ0¹}¶*·vÝ�Ò)ºR³]³nÇ6¹ 
 ¼ � ³(È Ï Ä Ö�Æ × ² ¸ ¿�·�³ � × Ô ÆKº ¸ ½&¿LÀ}³]º Ø ×LÆ Ø5Ï Æ¸ ¶L¾ Ø Ø ¸ ·5º ¸ ½&¿LÀ}³w¿�µ0¹}¶�·;Ñ�Æ�º ¸ ½&¿�À}³;º Ø Ö Æ Ø Ü�Æ ¸ ¶L¾ Ø É ¸ ·[º ¸ ½&¿LÀ}³w¿�µ0¹}¶�· × Æ Ø È Ó Æ Ø È0È ¸ ¶L¾ Ø È Îc¸ ·º ¸ ½&¿LÀ}³�¿�µ0¹}¶�·9ï ¸ ¶�¾�º ¸ ½&¿�À}³;º Ø È;Ö ¸ ¶�¾ Ø È]×nÕ�³ � ³�´]µ0À}À}³;´�·�³]¾ ¸ ·�º ¸ ½&¿LÀ}³�¿�µ0¹}¶*· ñ Ä

þPpR·



þPp#þ »5¼<½<¾�¿5À$Á~Â�Þ Ã ½(ßS½(\wà<¿3Æ�»5½(\,o>½>¿�½ Zhá ¿5¼SÀdâ3À(ãQÀ�¿+½>¿3Æ Z ß

Ê�Ë�Ì6Í ÿg� ¶/� � � rf���!"ä9AP�*å,��ä
å�����å�R!"�
R��ä
å�$ S�z|ä]�g��!0�?Ñc����A�4/�U:��åa��ä�#<'�ä
å5�*å>�$=ä;��Vn��å>.O$���
!0���������?��å:rT�K��ä
.HÏ�ä
!"�*$0�Ð_$0��
��J1
LiveLiveLiveDeadLiveLiveDeadDeadStemStemTree

NeedlesNeedlesNeedlesNeedlesTwigsBranchesTwigsBranchesBarkWoodCode
HighMidLow

1.1540.9850.9940.3250.3840.1730.1240.0900.1580.068A32
0.7920.8180.6240.3300.2040.1010.0720.1670.088A47
0.8960.8690.8450.3200.4150.1360.1210.0560.1090.068A126
1.0510.8910.8730.2960.1960.1820.1000.2870.129A141
1.0820.9200.8240.2720.4380.1790.1610.0940.1850.121A221
1.0060.9810.8730.5640.4550.1740.1480.0890.1620.103B17
1.0300.9880.8900.4400.4540.0910.1340.0730.1390.048B32
1.3181.1120.9860.4750.8920.1400.1610.0870.2070.072B59
1.0250.9540.8960.5340.3820.1360.1880.1040.1300.063B80
0.8920.8650.7650.4440.3590.1620.1490.0760.1410.076B92
1.0711.0140.9530.4910.4040.1570.1530.0890.1060.061C20
1.0710.9130.9250.3780.4600.1300.1570.1500.1990.089C88
1.0511.0291.0170.3640.4330.1080.1300.0960.1610.052C98
1.3081.2051.2260.4920.1370.1670.1000.2150.092O13
0.9650.9740.9660.3880.1380.1440.0830.1740.073O14

A=Tulasewa forest; B=Korokula forest; C=Koromani forest; O=Oleolega catchment 

Ê�Ë�Ì6Í ÿc�Kæ � ç � VN4�äL$R'64�ä
!0.O$<��ä
å�����å�R!"�
R��ä
å�$<S�z{ä;�n��!0�(Ñc����A�4/�U���å-��ä�#<'�ä
å5�*å>�$nä;��Vn��å>.O$���
!0���������?��å:rT�K��ä
.HÏ�ä
!"�*$0�Ð_$0��
��J1
LiveLiveLiveDeadLiveLiveDeadDeadStemStemTree

NeedlesNeedlesNeedlesNeedlesTwigsBranchesTwigsBranchesBarkWoodCode
HighMidLow

0.0950.0770.0770.0160.0700.0290.0100.0050.0200.013A32
0.1340.0950.0720.1090.0230.0090.0090.0100.014A47
0.1350.1230.0950.0320.1180.0340.0160.0080.0210.015A126
0.0800.0710.0670.0370.0220.0090.0070.0290.015A141
0.1160.0950.0810.0230.1110.0290.0120.0080.0200.016A221
0.0630.0680.0660.0310.0650.0130.0520.0500.1020.008B17
0.0810.0700.0560.0260.0590.0270.0050.0050.0110.007B32
0.0790.0740.0790.0250.1630.0180.0100.0070.0350.031B59
0.0700.0660.0670.0430.0610.0180.0150.0100.1660.012B80
0.0710.0680.0570.0280.0540.0190.0180.0060.0320.023B92
0.0740.0690.0750.0270.0610.0210.0080.0030.0040.006C20
0.0640.0610.0650.0160.0660.0180.0090.0150.0130.010C88
0.1030.0820.0690.0440.0630.0110.0080.0060.0180.006C98
0.0850.0710.0690.0520.0120.0100.0070.0180.012O13
0.0600.0530.0540.0470.0140.0090.0070.0190.014O14

A=Tulasewa forest; B=Korokula forest; C=Koromani forest; O=Oleolega catchment 



þPpKp

Ê�Ë�Ì6Í ÿ<�Kæ � þ � V&ä
��L$�$0��./#è��ä
å�����å�R!"�
R��ä
å�$fS�z�ä;�(�
!0�fÑc����AL4O)UT��å:��ä
#('�ä
å���å��$�ä]�nVn��å�.O$���
!0�����K�9�?��å:rg����ä
.HÏ�ä
!9�0$0�Ðn$���
���1
LiveLiveLiveDeadLiveLiveDeadDeadStemStemTree

NeedlesNeedlesNeedlesNeedlesTwigsBranchesTwigsBranchesBarkWoodCode
HighMidLow

0.5700.4780.4670.1130.3750.1420.0150.0180.0990.050A32
0.4650.3230.2720.3830.1480.0200.0250.0790.065A47
0.7940.5260.4170.1250.3960.1260.0420.0220.0920.061A126
0.4790.3760.3390.2190.1320.0180.0220.1390.064A141
0.6600.4210.4250.0850.4610.1820.0660.0500.0810.097A221
0.4520.3930.4210.0780.3200.0780.0200.0250.0480.040B17
0.2300.2090.2100.0560.2320.0540.0260.0230.0520.031B32
0.5430.3490.3240.0700.5040.0850.0230.0150.0550.046B59
0.2790.3270.3680.1230.2580.0730.0310.0280.0280.033B80
0.3280.3380.3780.0810.2760.0930.0250.0200.0720.047B92
0.4990.3090.3800.0880.3000.0850.0250.0330.0400.042C20
0.3980.3480.3410.0820.2350.0730.0210.0410.0390.046C88
1.0750.5290.4570.1160.4160.1110.0610.0480.1090.045C98
0.5730.3700.3620.3500.0850.0270.0360.1230.052O13
0.7920.5030.4840.4340.1320.0570.0360.1300.062O14

A=Tulasewa forest; B=Korokula forest; C=Koromani forest; O=Oleolega catchment 

Ê�Ë�Ì6Í ÿ=�Pæ �}p � ø �
	)����./#é��ä
å5���*å>�!"�����ä�å6$?S�zèä]�8��!0�?Ñc����A�4/�U:��å~�9ä�#<'�ä
å5�*å>�$-ä]�FVn��å�.O$���
!0�����K�9�?��å:rg����ä
.HÏ�ä
!9�0$0�Ðn$���
���1
LiveLiveLiveDeadLiveLiveDeadDeadStemStemTree

NeedlesNeedlesNeedlesNeedlesTwigsBranchesTwigsBranchesBarkWoodCode
HighMidLow

0.3180.4730.7010.9660.1800.1090.1530.1280.0420.046A32
0.2940.5170.8250.1430.1080.1680.1310.0410.047A47
0.1300.3140.5020.5440.1850.1110.2130.1660.0590.054A126
0.4380.7160.7690.1980.1390.1980.1510.0650.042A141
0.2820.5690.6990.6860.1860.1000.1960.1430.0520.049A221
0.2200.3040.3530.4900.1230.0790.1410.0890.0380.044B17
0.3610.6621.0090.9520.2330.1150.2560.1220.0680.064B32
0.2640.4600.6650.6260.3730.1040.2330.1450.0670.046B59
0.2970.3530.3470.5140.1970.1340.2750.1340.0560.050B80
0.2290.3340.3910.6300.2310.1670.2750.1990.1370.055B92
0.3450.5330.5720.7570.2810.1660.2710.1590.0580.062C20
0.3000.4710.5980.7130.2980.1440.2860.1410.1250.074C88
0.3190.7110.9290.8130.4950.2050.3920.2390.2060.069C98
0.4820.7320.7890.2810.1180.2660.1350.0640.044O13
0.2090.4430.5620.2430.1390.2390.1240.1160.058O14

A=Tulasewa forest; B=Korokula forest; C=Koromani forest; O=Oleolega catchment 
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Ê�Ë�Ì6Í ÿ_�Kæ � Ü � sI�JA�å5�0$0��./#3��ä
å5���*å>�!"�����ä�å6$<S�zCä]�h�
!0��Ñc����A�4/�U(��å?��ä�#<'�ä
å5�*å>�$_ä;��Vn��å>.O$���
!0���������?��å:rT�K��ä
.HÏ�ä
!"�*$0�Ð_$0��
��J1
LiveLiveLiveDeadLiveLiveDeadDeadStemStemTree

NeedlesNeedlesNeedlesNeedlesTwigsBranchesTwigsBranchesBarkWoodCode
HighMidLow

0.2060.2270.2690.2770.1180.0700.0820.0550.0410.019A32
0.2090.2180.2750.1420.0940.1030.0610.0370.027A47
0.1450.1520.1460.1490.1240.0610.0750.0450.0320.024A126
0.2000.2260.2260.1110.0620.0830.0400.0450.018A141
0.1640.2270.2500.2290.1050.0500.0730.0380.0430.021A221
0.2680.2460.2300.2950.1260.0610.0740.0470.0420.026B17
0.1950.2510.3630.2020.1300.0460.0730.0360.0450.022B32
0.3810.4160.4240.4020.3650.0750.1130.0600.0680.025B59
0.2950.2880.2680.3710.1400.0680.0910.0500.0400.026B80
0.2310.2140.1950.2550.1170.0590.0750.0410.0400.020B92
0.1810.1750.1610.2100.0780.0390.0450.0290.0230.022C20
0.1360.1450.1850.1950.1210.0520.0690.0390.0290.024C88
0.1630.1510.1840.1280.1420.0430.0620.0380.0580.019C98
0.2200.2310.2130.1560.0520.0610.0330.0470.016O13
0.1070.1100.1240.1190.0430.0550.0280.0310.020O14

A=Tulasewa forest; B=Korokula forest; C=Koromani forest; O=Oleolega catchment 

Ê�Ë�Ì6Í ÿH�Kæ � æ � rf./�!0����å�W�9ä�å�����å�R!"�
R��ä
å�$ ��åMVh��å�.O$H���
!0���������I$0���#g$�SRÑcä�ä��D��å��a���
!"ô0U$��
#('�	)���:�
_$*��B
�*!"��	[	)ä����
R��ä
å6$f��å+�4���ßh	)��ä�	)��AK�H�9�����4O#8��å��1
hDbhobBMnZnMgCaKPNCode

20.10.3522.13650.0210.0410.0530.0180.072O1
18.70.2531.06060.0240.0430.0410.0090.066O2
19.40.2501.145280.0190.0370.0560.0120.092O3
18.80.2401.130180.0210.0330.0460.0080.072O4
19.00.2561.37080.0200.0330.0540.0080.082O5
18.00.2431.017130.0210.0270.0500.0060.071O6
17.10.2821.479130.0240.0610.0460.0070.078O7
19.30.2520.93590.0180.0620.0450.0060.079O8
19.30.2301.132120.0210.0410.0420.0060.075O9
17.70.3240.710130.0180.0390.0490.0090.085O10
20.30.2991.18480.0240.0330.0800.0130.109O11
19.60.2561.29150.0160.0410.0460.0070.079O12
18.70.2600.0200.0460.0610.0130.107O13
20.30.2640.0210.0630.0680.0140.082O14
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Ê�Ë�Ì6Í ÿ��Pæ � õ � ø ä�å����*å>�!9�
R��ä
å6$Wä]�(öwå6E�seå���å��f÷3S)'�'5#(UT��åF�*ä�	`����AP�gä;�nVn��å>.O$����
!0�����������åHrg����ä
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!9�0$0NÐ_$0������1
LiveLiveLiveDeadLiveLiveLiveDeadTree

NeedlesNeedlesNeedlesNeedlesNeedlesNeedlesNeedlesNeedlesCode
HighMidLowHighMidLow

BBBBZnZnZnZn
7.37.910.712.526292931A32
8.07.09.0333135A47
4.96.57.99.115252523A126

11.010.014.0575042A141
9.110.710.910.528353436A221

10.39.810.210.224191412B17
10.413.115.716.632353835B32
20.313.915.515.749362823B59
9.310.09.712.235333028B80

10.211.011.814.329221418B92
16.211.812.813.433282226C20
8.310.613.114.924232422C88

14.316.221.115.939373529C98
15.814.515.8494032O13
20.014.917.2313234O14

MnMnMnMn
4426439871249A32
579743432A47
201405632620A126
573651229A141
254513649533A221
194252268274B17
219313470414B32
187310474368B59
234289274328B80
220283304399B92
160208240273C20
228335361516C88
296682787670C98

157421752013O13
152734961O14

A=Tulasewa forest; B=Korokula forest; C=Koromani forest; O=Oleolega catchment
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Ê�Ë�Ì6Í ÿ-� õ6�A@ � rf./�!0����å�(��B�å����*å>�!9�
R�CB
å6$8�
å5���
#DB
./å>�$DB]�=å������FE)�(�*��EGE_�
$HB��*$��*!0B
���7��å2/.IEQ�L$��KJc���KB
!9�0$0�1

AmountZnMnBMgCaKPNMonthField
kg/happmppmppm%%%%%Code

366.827486120.2280.9220.1520.0180.364Dec’90ALF1
525.828490100.2030.8630.0950.0150.401Jan’90ALF2
163.73060890.1880.8400.0820.0170.380Feb’90ALF3
773.02649890.1950.8620.0740.0130.395Mar’90ALF4
250.73269790.1980.9230.0990.0240.467Apr’90ALF5
264.02664790.1930.8550.1250.0190.431May’90ALF6
678.42863490.1871.0290.0920.0200.389Jun’90ALF7
271.72560290.1900.9280.0960.0140.391Jul’90ALF8
614.12451290.2040.8110.0750.0110.381Aug’90ALF9
343.52360590.1990.8330.0610.0100.357Sep’90ALF10
189.72361410.10.2190.7960.1010.0180.305Oct’90ALF11

6219.8244988.00.1960.6250.3230.0710.672Nov’90*ALF12
655.1273828.00.1680.4670.2300.0550.652Dec’90*ALF13
352.7375098.70.2010.7370.1810.0550.663Jan’91ALF14
177.7315158.80.2120.7480.1550.0470.591Feb’91ALF15
211.43161810.20.2350.8850.1050.0410.477Mar’91ALF16
226.73065011.10.2390.9740.0820.0300.402Apr’91ALF17
345.3306999.90.2340.8030.1100.0270.409May’91ALF18
281.82764210.10.2140.8320.0830.0250.390Jun’91ALF19
257.42969611.00.2510.8660.0840.0240.319Jul’91ALF20
527.42972110.50.2200.8300.0870.0270.366Aug’91ALF21
296.32767810.40.2140.7770.0750.0430.375Sep’91ALF22

*: Litter fall resulting from cyclone Sina

Ê�Ë�Ì6Í ÿ-� õ6� � � rf./�!0����å�(��B�å����*å>�!9�
R�CB
å6$8�
å5���
#DB
./å>�$DB]�=å������FE)�(�*��EGE_�
$HB��*$��*!0B
���7��å
LHB
!MB�ô
.IE)�(�KB
!"�*$0�1

AmountZnMnBMgCaKPNMonthField
kg/happmppmppm%%%%%Code

663.31243313.20.3300.8940.0330.0120.290Jan’90BLF1
132.51437412.20.3110.7340.1000.0120.313Feb’90BLF2
859.21230013.40.2950.6780.1150.0210.422Mar’90BLF3
395.21136612.10.3480.7560.0800.0130.323Apr’90BLF4

1746.41735813.90.3570.7860.0770.0060.264May’90BLF5
448.71244413.60.3130.7850.0570.0080.285Jun’90BLF6
457.11238813.20.3170.7620.0690.0100.300Jul’90BLF7
343.81345514.90.3080.8780.0600.0090.314Aug’90BLF8
181.41639217.90.3000.8590.0690.0130.362Sep’90BLF9
328.21840913.20.2880.7070.0630.0270.341Oct’90BLF10

9187.51538215.10.3110.5610.2330.0490.764Nov’90*BLF11
634.22335512.40.2790.5710.1190.0450.885Dec’90*BLF21
430.42739914.90.3250.6060.0920.0920.725Jan’91BLF12
244.02542814.60.3210.6790.1010.1040.594Feb’91BLF13
240.42244614.90.3400.7120.0820.0540.595Mar’91BLF14
281.32022614.00.3380.7330.0650.0440.441Apr’91BLF15
524.21822013.90.3670.7110.1080.1120.485May’91BLF16
291.31950814.10.3460.7620.0800.1320.337Jun’91BLF17
237.11949315.10.3560.6960.0740.1370.375Jul’91BLF18
396.42041315.00.3300.6580.0700.1240.337Aug’91BLF19
190.72046413.40.3230.6930.0630.0200.353Sep’91BLF20

*: Litter fall resulting from cyclone Sina
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Ê�Ë�Ì6Í ÿ8� õ6� ç � rF./R!0���*å>(�RB�å�����å�R!"�
R�CB
å�$-�
å5���
#DB
./å>�$DB]�=å������FE)�(�*��EGE_�
$DBK�0$���!0BL������å
LHB
!RB
#8�
å��6�KB�!"�*$��1

AmountZnMnBMgCaKPNMonthField
kg/happmppmppm%%%%%Code

124.618707120.2140.7880.0700.0140.273Feb’90CLF1
864.715565110.2060.6990.1060.0130.404Mar’90CLF2
381.716712110.2380.7240.1110.0090.379Apr’90CLF3
732.41565590.2190.6720.1070.0100.282May’90CLF4
379.213533100.2150.6780.0730.0090.320Jun’90CLF5
212.314626100.1850.6780.1060.0070.299Jul’90CLF6
455.11652480.1810.6520.0930.0100.336Aug’90CLF7
155.545659150.1760.6550.0930.0130.378Sep’90CLF8
130.116637100.1730.5970.0980.0120.335Oct’90CLF9

6018.321590110.1880.5220.2880.0500.831Nov’90*CLF10
994.023744100.1610.4910.1500.0340.664Dec’90*CLF11
530.9225909.20.1860.6670.1470.0270.624Jan’91CLF12
234.14272111.90.1850.6050.1270.0320.673Feb’91CLF13
293.72170310.80.1930.5830.1170.0330.691Mar’91CLF14
297.52377811.50.1870.6770.1010.0190.514Apr’91CLF15
362.32282412.20.1870.6760.1060.0200.474May’91CLF16
233.42378913.60.1920.6980.0970.0180.418Jun’91CLF17
247.32578111.80.1720.6880.0900.0110.397Jul’91CLF18
311.82679211.80.1790.6630.0780.0100.365Aug’91CLF19
167.82475611.20.1730.6460.0830.0130.398Sep’91CLF20

*: Litter fall resulting from cyclone Sina
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Ê�Ë�Ì6Í ÿI� õ6� þ � rf./�!0����å�g��B�å����*å>�!9�
R�CB
å6$��
å5�~��#HB�./å��$�B;�eå������FE)�D�
å��M./å��K�*!�A�!MB�JvGS
E`��R���!B
å�TS6�c�KB
!"�*$0VUWB�B�!�$F��å�GS��H26.IE)�L$���Jc�LE,LHB�!MBJô�.IE)� ��å��"LHB�!MB
#8�
å>�6�KB
!"�*$0YXZEAB
�$*1

AmountZnMnBMgCaKPNDate
kg/happmppmppm%%%%%

TULASEWA FOREST, Planted 1984
Needle Litter

3057.5             Bulked14-Jan-90
1250.2             Bulked15-Feb-90
2302.528.554110.00.2100.8680.0560.0200.41515-Mar-90
2100.9             Bulked15-Apr-90
3002.1             Bulked16-May-90
5450.833.56398.50.2030.9400.0760.0180.39319-Jun-90
3496.033.573010.50.2480.8880.0830.0220.44218-Sep-90
9090.731.56439.40.2050.7920.1840.0570.82908-Jan-91
6981.432.16578.50.2120.7950.0680.0510.86402-Apr-91
6238.032.77399.70.2220.7940.1700.0610.93730-Jul-91

Undergrowth Litter
6660.0    Bulked14-Jan-90
6445.4    Bulked15-Feb-90
7877.80.1480.1930.1100.0240.52615-Mar-90
5199.7    Bulked15-Apr-90
6738.3    Bulked16-May-90
5546.30.1580.2710.1090.0270.52819-Jun-90
7438.90.1830.2500.1260.0260.53518-Sep-90
8172.20.1980.4120.0990.0400.71108-Jan-91
5051.20.2440.6180.1100.0540.95902-Apr-91
4591.30.2670.7100.1850.0580.90130-Jul-91

KOROKULA FOREST, Planted 1979
Needle Litter

8888.21641013.50.2950.7660.0500.0270.54015-Jan-90
9929.51642711.10.2820.6770.0440.0250.45014-Feb-90
8806.01642110.10.2950.7320.0430.0230.46616-Mar-90
7510.41245413.50.2820.7700.0560.0190.49616-Apr-90
9906.71345513.60.2980.7990.0490.0150.45316-May-90

11033.41548715.20.2980.7490.0530.0200.51218-Jun-90
7138.811.544410.50.3350.8490.0460.0180.43118-Sep-90

14855.617.741411.90.3040.7070.1040.0340.66609-Jan-91
9473.120.944810.90.2360.7480.0780.0380.81508-Apr-91

10288.523.047311.30.3150.7390.0810.0380.86802-Aug-91

KOROMANI FOREST, Planted 1975
Needle Litter

8231.918707120.2140.7880.0700.0140.41515-Jan-90
7515.515565110.2060.6990.1060.0130.37014-Feb-90
7217.016712110.2380.7240.1110.0090.45915-Mar-90
7959.11565590.2190.6720.1070.0100.50616-Apr-90

10678.913533100.2150.6780.0730.0090.36916-May-90
9130.814626100.1850.6780.1060.0070.42818-Jun-90
8307.218.16268.30.1910.7220.0730.0140.49017-Sep-90

13464.321.075812.60.2080.7060.1490.0420.71707-Jan-91
10441.022.480710.30.2100.6940.0720.0470.84001-Apr-91
8706.222.572711.70.2280.7160.0860.0490.84802-Aug-91


