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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

B�6 6a6 09B9JK0@=;B�HI4(JK0VBP.10@: <7.[, 4�2^�\f ��Q .OB7CRCD: 09C"~�J\: =>NOB�6a47H1=>0AE/J7B(,/: 47*I�3H1ND, =>47Qe0&<�E/0@0@*kF16 B�*[,/=8�0AE/0 47H1=>0AE/JK09C�HI0@6 498«,/.1: =^6 0@JK0@6�f���.10;CD: =X,>E/: H1ND,/: 47*Z4�2IH1: 47QRB�=>=�HI0A,+8�0@0@*ZCD09B7C�6 09B9JK0@=@`[<�E/0@0@*6 09B9JK0@=&B�*OC�=X,/0@Qe=]B�=]8�0@6 6SB�=&B�F1FDE/4)3D: QRB(,/0P�i�])�J7B�6 N10@=&B(,&CD: Da0AE/0@*[,;,/: Qe0@=]4�2^,/.10Vj[09B(EVB(E/0=>.1498;*Y: *Y�SB�H16 0e�9�\f �[f|�=X,/: QRB(,/0@=G4�2&�i�])V8�0AE/0k47HD,WB�: *109C%H[j�?@47QGH1: *1: *1<Y,/.10R0@=X,/: QRB(,/09C%<�E/0@0@*�6 09B(2&H1: 47QRB�=>=8;: ,/.Y,/.10G�D�i�PfI��.10G�D�i��4�23Qe: =>=>: 47*_<�EWB�=>=&8 B�=&0@=X,/: QRB(,/09C_B(,��7�7f +kQk�&ª\<-698&: *��YB@j_B�*OCQGN16 ,/: F16 jD: *1<G,/.1: =&J7B�6 N10-8;: ,/._,/.10-2 E/0@=>.�6 09B(2UH1: 47QRB�=>=]4�2]�7�(�[�Gª\<e.OBB698&jD: 0@6 CD09C_B�*"�i�]) 4�2�7f �eQk�&Q76a�(f;�]*_B�F1FDE/4)3D: QRB(,/: 47*Y4�2�,/.10P�i�])U254�E-}10@HDE/NOB(E>jk8 B�=&QRB7CD0-H[jYB�=>=>N1Qe: *1<G,/.OB(,B�6 616 09B9JK0@=347*RBVF16 B�*[,�8�0AE/0;<�E/0@0@*RB(,3,/.OB(,�,/: Qe0-~�*14VQe47: =X,/NDE/0 =X,>E/0@=>=U: *G,/.10�8�0A,U=>09B�=>47*I��B�*OC,/.OB(, HI4�,/.R,/.10V6 09B(2S,/4�6 09B(2��&=X,/0@Q QRB�=>=�EWB(,/: 4ZB�*OCe,/.10P�D�i� 8�0AE/0-=>: Qe: 6 B(E ,/4�,/.147=>0V: *Y�YB@j[f�]=�: ,UN1*16 : ªK0@6 j�,/.OB(,�,/.10]�D�i�«8;: 6 6OJ7B(E>jGQGN1?W.P,/.DE/47N1<7.147ND,�,/.10�j[09B(E9`K,/.10 QRB�: *Z0AE>E/4�E38;: 6 6OHI0B�=>=>4[?@: B(,/09CR8;: ,/.R,/.10;?9B�6 ?@N16 B(,/09Ck<�E/0@0@*R6 09B(2SQRB�=>=32 EWB�?A,/: 47*R8;.1: ?W.R8 B�=�0@=X,/: QRB(,/09CRB(,;�7©;:n4�2,/.10-,/4�,WB�6iF16 B�*[,&QRB�=>=]: *"}10@HDE/NOB(E>j%~��SB�H16 0e�9�\f �7�Wf]T&4RB�?A,/NOB�6S6 09B(23H1: 47QRB�=>=VB�*OC"�D�i��C1B(,WB8�0AE/0RB9J7B�: 6 B�H16 0e,/4Y?9B�6 ?@N16 B(,/0e,/.10R�i�])+=V254�E0'7N16 j[`^�]N1<7N1=X,P4�EZ�\0@FD,/0@QGHI0AE9fJI&498�0@JK0AE9`i,/4�,WB�6
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F �4� �&%��J$��/�N1%*HJ$�K<��� '(� ����, '(�4�&%�cA]X$�������"��C� �(�!%�"��!'=�4"��Qfa?6�!������"��C� �(�!%�"��!'.�4"RD�DG?Rc

ZnMnBMgCaKPN

5.5337200.1290.3590.0700.0300.497Litter
3.9284150.2410.2231.3280.0430.469Mission grass

�	��
� �  ��� ���������&$�F $�?R���C"��!' �+> "��C� �(�!%�"��!' )!570 1$28:9<; '(�&����%<� �4" �A%�"�"��@'7%�� �C?
D���F ,2'(�&$��<13,���" 0���$2'<'J$�"G�J0���$2'<'(F $�"G�#F �4� �&%��O$����N1%*HJ$�K<��� '(� ����,6'(�4�&%�c

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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�gE/0@0 CD: B�Qe0A,/0AE3B�*OC�.10@: <7.[,3=>NDE/JK0AjD=i8�0AE/0 ?9B(E>E/: 09CG47ND,3: *�,/.10 �iN16 B�=>0A8 BZ~�*Cl �(©7�7�W`K�-4�E/47ª\N16 B~�*Cl �9�7�K�]B�*OC��-4�E/47QRB�*1:g254�E/0@=X,VF16 4�,/=�~�*Cl �9�7�K�;HI0A,+8�0@0@* 'KB�*\NOB(E>j_B�*OC_�YB(E/?W.��9�7�7�RB�*OCHI0A,+8�0@0@* '7N16 j"B�*OC��\0@FD,/0@QGHI0AE��9�7�\�7fe��09B�=>NDE/0@Qe0@*[,/=&8�0AE/0eB�6 =>4�QRB7CD0�47*��9�)(O�(©R,>E/0@0@=-: *09B�?W.kF16 4�, : *$'7N1*10VB�*OC '7N16 j_�9�7�7�ZB�*OCR: *$'KB�*\NOB(E>j_�9�7�\�V,/4�47HD,WB�: *k<�E/498 ,/.kEWB(,/0@=�254�E-�9�7�7�\f�]*�B7C1CD: ,/: 47*OB�6��9�7�R,>E/0@0@=V8�0AE/0GQe09B�=>NDE/09C_: *",/.10Z�iN16 B�=>0A8 BR254�E/0@=X,PF16 4�,-: * '7N16 j��9�7�7��B�*OC�7�;1k,>E/0@0@=-: *��-4�E/47QRB�*1:^254�E/0@=X,G: * '7N16 j�B�*OC��]N1<7N1=X,Z�9�7�\�e,/4�47HD,WB�: *�: *D254�E/QRB(,/: 47*%47*�,/.10254�E/0@=X,V=X,>E/N1?A,/NDE/0P=>NDE>E/47N1*OCD: *1<Z,/.10PQe0A,/0@4�E/476 47<7: ?9B�6^,/498�0AE/=G~ §4i9c �U.OB�FD,/0AE-�7�Wf�.V: B�Qe0A,/0AE/=VB(,HDE/09B�=X,;.10@: <7.[,-~X�7f �K©�Qk��4(JK0AE;HOB(E/ª_~����
	���9�38�0AE/0VQe09B�=>NDE/09Ce8;: ,/.YBGCD: B�Qe0A,/0AE�,WB�FI0&8;: ,/.�BE/0@=>476 ND,/: 47*"4�2��\f �G?@QYf&�gE/0@0�.10@: <7.[,Z~�	I�]B�*OC�,/.10P.10@: <7.[,V4�23,/.10P6 498�0@=X,-HDEWB�*1?W.Y8;: ,/."<�E/0@0@**10@09CD6 0@=&~�?AE/498;*�CD0@FD,/.I�S8�0AE/0&Qe09B�=>NDE/09CG8;: ,/.�B�IVB�<76��4�2i?@6 : *147Qe0A,/0AE;B�*OCRB-Qe09B�=>NDE/: *1<-,WB�FI07f|�=X,/: QRB(,/0@=�4�2i,/.10]Qe09B�*e,>E/0@0V.10@: <7.[,9`\47HD,WB�: *109Ce8;: ,/.R,/.10&?@6 : *147Qe0A,/0AE9`1CD: Da0AE/09CeH[je6 0@=>=�,/.OB�*�;: 2 E/47Q�,/.10ZB�?A,/NOB�6�Qe09B�*�.10@: <7.[,-4�2;�7�R,>E/0@0@=@f0I&498�0@JK0AE9`a254�E�: *OCD: J\: CDNOB�6S,>E/0@0@=V,/.10G0AE>E/4�E: *�,/.10�?@6 : *147Qe0A,/0AEe0@=X,/: QRB(,/0@=Z?@47N16 C�HI0�N1F�,/4��(©;:Rfv|�=X,/: QRB(,/0@=e4�2],/.10�?AE/498;*vCD: B�Qe0A,/0AE8�0AE/0&47HD,WB�: *109CRH[jeQe09B�=>NDE/: *1<GCD: Qe0@*1=>: 47*1=�4�2g,/.10&FDE/4=?X0@?A,/09Ck?AE/498;*�B(, <�E/47N1*OCR6 0@JK0@6O8;: ,/.�BQe09B�=>NDE/: *1<�,WB�FI0V8;: ,/.1: *�,/.10VF16 B�*[,/: *1<GE/498�B�*OC�FI0AE/FI0@*OCD: ?@N16 B(E ,/4Z: ,9f)+*Z09B�?W.eB�<70;?@6 B�=>=&~M�[`O�(�VB�*OCR�9�&j[09B(E/=3: *��9�7�\�(�^�OJK0U,>E/0@0@=@`K8;: ,/.RCD: B�Qe0A,/0AE/=3B�*OCG.10@: <7.[,/=?@6 47=>0�,/4�,/.10"=X,WB�*OCtB9JK0AEWB�<70@=@`&8�0AE/0%CD0@=X,>E/N1?A,/: JK0@6 j =/B�QeF16 09Cv254�E"B�HI4(JK0ALM<�E/47N1*OC H1: 47QRB�=>=0@=X,/: QRB(,/: 47*1=@f&�&*10V,>E/0@0R~5,>E/0@0��P�*+D�(� 8 B�=&=/B�QeF16 09C�HI0A254�E/0P,/.10-FOB�=>=/B�<70G4�23?AjD?@6 47*10G�\: *OBZ: *

 7¬ #



 #�� �������	��
���--��� &!��
 � � � "O&��@�	��� ����� � �!����"#
��$�%��&!�$��
��$�

T&4(JK0@QGHI0AEe�9�7�7�\`�,/.10e4�,/.10AE�,>E/0@0@=P8�0AE/0R=/B�QeF16 09C�HI0A,+8�0@0@*«�YB(E/?W.�B�*OC��\0@FD,/0@QGHI0AEe�9�7�\�7fT&4�B(,>,/0@QeFD,/=]8�0AE/0ZQRB7CD0P,/4�47HD,WB�: *�0@=X,/: QRB(,/0@=-4�2�HI0@6 498 LM<�E/47N1*OC"H1: 47QRB�=>=PB�=V,/.10�=X,/N1QeF1=4�2g.OB(E/JK0@=X,/09CG,>E/0@0@=UB(E/0]6 0A2 , b5�k�/b5��  B�*OCG,/.10AE/0A254�E/0&CD4-*14�,3E/0@FDE/0@=>0@*[, BV*10A,U6 47=>=U4�2i*\ND,>E/: 0@*[,/=@f�]6 6 ,>E/0@0@=G8�0AE/0Y?@ND,kB(,RB�.10@: <7.[,e4�2PB�HI47ND,R�\f ��Q 8;: ,/. B"?W.OB�: *1=/B@8�B(2 ,/0AEe,/.10YCD: B�Qe0A,/0AE9`.10@: <7.[,9`i?AE/498;*�CD0@FD,/.�B�*OC�?AE/498;*%CD: B�Qe0A,/0AE/=-.OB7C�HI0@0@*�Qe09B�=>NDE/09CafR��.10G2 E/0@=>.�8�0@: <7.[,/=P4�2CD09B7C�B�*OC"<�E/0@0@*�HDEWB�*1?W.10@=e~�CD: B�Qe0A,/0AE��-�G?@Qk�W`a,+8;: <7=e~�CD: B�Qe0A,/0AE��-�G?@Qk�W`g*10@09CD6 0@=@`i?@47*10@=B�*OCkQRB�6 0 ,O498�0AE/= 8�0AE/0�CD0A,/0AE/Qe: *109CR: *k,/.10&�O0@6 CR254�E&09B�?W.k,+8�4ZQe0A,/0AE;=>0@?A,/: 47*Y4�2S,/.10-6 : J\: *1<?AE/498;*gf��\N1H1=/B�QeF16 0@=]4�2U09B�?W.�?@47QeFI47*10@*[,]8�0AE/0�,WB�ªK0@*�B(,V09B�?W.�6 0@JK0@6i,/4k47HD,WB�: *_2�B�?A,/4�E/=V254�E,/.10R?@47*\JK0AE/=>: 47*�4�2;2 E/0@=>.�8�0@: <7.[,/=�,/4"C\E>j�8�0@: <7.[,/=ZB�*OC�254�EZ?W.10@Qe: ?9B�6�B�*OB�6 jD=>: =@f��;2 ,/0AE�,/.10,>E/0@0G.OB7C_HI0@0@*�=X,>E/: F1FI09C_2 E/47Q�: ,/=-?AE/498;*",/.10�=X,/0@Q�8 B�=V?@ND,-: *[,/4k47*10ALMQe0A,>E/0�=>0@?A,/: 47*1=-B�*OC�_?@Q ,/.1: ?Wª�CD: =>ª\=�8�0AE/0�?@476 6 0@?A,/09C�2 E/47Q 09B�?W.«=>0@?A,/: 47*«N1F�,/4"=>6 B�=>.«FI47: *[,_~�CD: B�Qe0A,/0AEG4(JK0AEHOB(E/ªY4�2��e?@Qk�Wf-�\0@FOB(EWB(,/0GCD: =>ª\=]254�E-?W.10@Qe: ?9B�6^B�*OB�6 jD=>: =&8�0AE/0G?@476 6 0@?A,/09C�B(,&,/.10�HOB�=>0G4�2�,/.10,>E/0@07`^B(,-,/.10ZFI47: *[,-8;: ,/.�BYCD: B�Qe0A,/0AEP4(JK0AEPHOB(E/ª�~�����9�&4�2V�9��?@Q B�*OC�B(,-,/.10Z6 0@JK0@6�8;.10AE/0
����Ql	~�������	� ��
 � ���� 8����� � �7�[f�}DE/0@=>."8�0@: <7.[,-4�2�09B�?W.�CD: =>ª�8 B�=VE/0@?@4�EWCD09C�B�*OCY,/.10�����Qe09B�=>NDE/09Ca`DB(2 ,/0AE;8;.1: ?W.�HOB(E/ªZ8 B�=;=>0@FOB(EWB(,/09CR2 E/47Q =X,/0@Q�8�4[4\Caf3}DE/0@=>.k8�0@: <7.[,/=;4�2SHOB(E/ªRB�*OC=X,/0@Q�8�4[4\C«8�0AE/0_E/0@?@4�EWCD09C B�*OC«,/.10_CD: B�Qe0A,/0AEkN1*OCD0AERHOB(E/ª ~���� �9�ZQe09B�=>NDE/09Caf�}14�Ek09B�?W.,>E/N1*1ª�=>0@?A,/: 47*�HOB(E/ª�8�0@: <7.[,-8 B�=-?9B�6 ?@N16 B(,/09C"2 E/47Qz,/.10GQe09B�*"HOB(E/ª�,/4k=X,/0@Q�8�4[4\C_EWB(,/: 47=-4�2,/.10PCD: =>ª\=;?@476 6 0@?A,/09C_B(,;,/.10V,+8�4Z0@*OCD=;4�2^,/.10V=>0@?A,/: 47*gf �tE/47N1<7.Y0@=X,/: QRB(,/0-4�2^,/.10V2 E/0@=>._HOB(E/ªB�*OC"=X,/0@Q�8�4[4\C�CD0@*1=>: ,+j"8 B�=-47HD,WB�: *109C�H[j"?9B(E/0A25N16 6 j�F16 B�?@: *1<Y: *�8 B(,/0AE�B�*OC"E/0@?@4�EWCD: *1<k,/.10.10@: <7.[,]4�2S,/.10V8�0A,>,/09CYB(E/09B\f���.10-JK476 N1Qe0V4�2�09B�?W._CD: =>ªR8 B�=]Qe09B�=>NDE/09C�B�=&B�25N1*1?A,/: 47*Y4�2�: ,/=CD: B�Qe0A,/0AE�B�*OCP,/.1: ?Wª\*10@=>=�B�=�CD0A,/0AE/Qe: *109C�B(,�=>: 3�FI47: *[,/=S8;: ,/.ZB]?9B�6 6 : FI0AE&~�FDE/0@?@: =>: 47*e�\f �K©]QeQk�Wf��.10Z,/4�,WB�6UC\E>j"8�0@: <7.[,G4�2 09B�?W.%?@47QeFI47*10@*[,PFI0AEP,>E/0@0Z8 B�=P?9B�6 ?@N16 B(,/09C%H[j�QGN16 ,/: F16 jD: *1<R,/.10,/4�,WB�6O2 E/0@=>.R8�0@: <7.[,�4�2g,/.OB(,�?@47QeFI47*10@*[,UH[jG,/.10;EWB(,/: 4�4�2SC\E>jZ,/4-2 E/0@=>.R8�0@: <7.[,;B�=�CD0A,/0AE/Qe: *109C2 E/47Q =>N1H1=/B�QeF16 0@=@f�%0@: <7.109C�H1N16 ªe=/B�QeF16 0@= 8�0AE/0V,WB�ªK0@*k2 E/47Q =X,/0@Q�8�4[4\Ca`1HOB(E/ªI`1CD09B7C�HDEWB�*1?W.10@=;B�*OCR,+8;: <7=B�*OCe<�E/0@0@*RHDEWB�*1?W.10@= B�*OCZ,+8;: <7=U254�E ?W.10@Qe: ?9B�6IB�*OB�6 jD=>: =@fU}1476 : B�<70V=/B�QeF16 0@=U8�0AE/0]H1N16 ªK09Ce=>N1?W.,/.OB(,^E/0@FDE/0@=>0@*[,WB(,/: JK0�=/B�QeF16 0@=^8�0AE/0 47HD,WB�: *109CP254�E�,/.10�6 498�0AE9`[Qe: C1CD6 0 B�*OC�N1F1FI0AE^6 0@JK0@6 =�4�2O,/.10?9B�*147F[jRB�*OCe254�E;CD09B7Ce25476 : B�<707f��]=U,/.10]=/B�QeF16 0&=>: <@0]8 B�= =>QRB�6 6O,/.10�� �� �^[dW�1��� �V� CD: =X,>E/: H1ND,/: 47*8 B�=UN1=>09CG,/4V,/0@=X,U8;.10@*10@JK0AEUB9JK0AEWB�<70]?@47*1?@0@*[,>EWB(,/: 47*1=U: *e,>E/0@0;?@47QeFI47*10@*[,/=3CD: Da0AE/09CZHI0A,+8�0@0@*=>: ,/0@=@fT&ND,>E/: 0@*[,P?@47*1?@0@*[,>EWB(,/: 47*1=P: *%.OB(E/JK0@=X,WB�H16 0Z,/: QGHI0AER~58�4[4\C%B�*OC�HOB(E/ª1�&254�EP,/.10R�&6 0@476 0@<KB?9B(,/?W.1Qe0@*[,i8�0AE/0;CD0A,/0AE/Qe: *109C-2 E/47QnCD: =>ª\=^?@476 6 0@?A,/09C�2 E/47Q	�(�;,>E/0@0@=�B�?@?@4�EWCD: *1<&,/4&,/.10UQe0A,/.14\CCD0@=>?AE/: HI09CeB�HI4(JK07f�}S: JK0�E/0@FDE/0@=>0@*[,WB(,/: JK0;6 4[?9B(,/: 47*1=38�0AE/0;=>0@6 0@?A,/09CG8;: ,/.1: *Z,/.10 ?9B(,/?W.1Qe0@*[,3B�*OC�*(\�V,>E/0@0@=38�0AE/0;=/B�QeF16 09CeB(,U09B�?W.e6 4[?9B(,/: 47*k: *J.V0@?@0@QGHI0AE;�9�7�7�\fU��.10;6 4[?9B(,/: 47*1=@`D?@4\CD09CR�N(\| `B(E/0-=>.1498;*Y47*�,/.10VQRB�F�<7: JK0@*�: *_}S: <7NDE/0Z�(©[f �\f�]6 6O=/B�QeF16 0@=38�0AE/0]=>0@*[,3,/4-,/.10]}14�E/0@=X,��]0@=>09B(E/?W.R)+*1=X,/: ,/ND,/0;: *RT&0A8 GI09B�6 B�*OCZ254�E;B�*OB�6 jD=>: =4�2^T�`O�S`1�Z`O��B\`a��<eB�*OC7E]`I��*_B�*OC7GI*�~525476 : B�<70�47*16 jO� B�=]CD0@=>?AE/: HI09C�: *_�\0@?A,/: 47*��9�\f �[f�]*%B(,>,/0@QeFD,V8 B�=PQRB7CD0G,/4�47HD,WB�: *�E/0@6 B(,/: 47*1=>.1: F1=�HI0A,+8�0@0@*%B9J7B�: 6 B�H16 0R*\ND,>E/: 0@*[,/=V: *�,/.10,/47F1=>47: 6 B(E/47N1*OC�,/.10e=/B�QeF16 0Z,>E/0@0@=GB�*OC�?@4�E>E/0@=>FI47*OCD: *1<_?@47*1?@0@*[,>EWB(,/: 47*1=�: *�=X,/0@Q�8�4[4\C%B�*OC25476 : B�<70Y4�2;,/.147=>0e,>E/0@0@=@f��U8�4�=>47: 6�=/B�QeF16 0@=�8�0AE/0k?@476 6 0@?A,/09C%8;: ,/.1: *v©��_?@Q 4�2;,/.10R=X,/N1QeF1=: QeQe09CD: B(,/0@6 j�B(2 ,/0AEG,/.10e,>E/0@0@=P8�0AE/0k=/B�QeF16 09C�254�EZH1: 47QRB�=>=@f"��.10R=/B�QeF16 0@=P254�EZ09B�?W.�CD0@FD,/.: *[,/0AE/J7B�6Z~��)(O�9�«B�*OC��9�)(D���«?@Qk�Z8�0AE/0�H1N16 ªK09Cv,/4«B�?@?@47N1*[,Y254�E_=>FOB(,/: B�6-J7B(E/: B(,/: 47*1=@f ��.10=/B�QeF16 0@=38�0AE/0&B�: E;C\E/: 09CRB�*OCeB�*OB�6 jD=>09Ce254�E 043D?W.OB�*1<709B�H16 0]TVB\`\�Z`D��<D`1��B\`DT I!K�`�� B9J7B�: 6 B�H16 0���vB�*OCk=>476 N1H16 0PT-����`OB�=;8�0@6 6iB�=;254�E&F�I�� ��� `1F�I��! #"�B�*OCk6 47=>=]47*Y: <7*1: ,/: 47*"B�=]CD0@=>?AE/: HI09C�: *�U.OB�FD,/0AE�+DfU��.10-B�*OB�6 j\,/: ?9B�6SC1B(,WBZB(E/0PFDE/0@=>0@*[,/09Ck: *Y�]F1FI0@*OCD: 3����\f�]6 6 47Qe0A,>E/: ?�E/0@<�E/0@=>=>: 47*e09h[NOB(,/: 47*1=;~��^B(EWC%$07`1�9�;17���1�YB7CD<�8;: ?WªI`O�9�;17�K�S8�0AE/0 N1=>09CP,/4V?9B�6 ?@NDL6 B(,/0;8�0@: <7.[,/=U4�2a,>E/0@0;?@47QeFI47*10@*[,/=3B�=38�0@6 6IB�=3,/.OB(,U4�2a8;.1476 0;,>E/0@0@=�B�=UBV25N1*1?A,/: 47*e4�2a,/.10;=X,/0@QJK476 N1Qe0-~����
	���9�
	I�WfU�[,WB�*OCGH1: 47QRB�=>=&~�ª\<-.OBB698A�S8 B�=U?9B�6 ?@N16 B(,/09CkB�=3,/.10;=>N1Qn4�2a,/.10 8�0@: <7.[,/=4�2],/.10k: *OCD: J\: CDNOB�6U,>E/0@0@=Z4�EZ,>E/0@0k?@47QeFI47*10@*[,/=ZCD: J\: CD09C�H[j%F16 4�,eB(E/09B\f�T&ND,>E/: 0@*[,G?@47*[,/0@*[,/=~�ª\<�.OB 698 ��8�0AE/0V?9B�6 ?@N16 B(,/09C�B�=�,/.10&FDE/4\CDN1?A,�4�2i,/.10&H1: 47QRB�=>= 4�2S09B�?W.k?@47QeFI47*10@*[,�,/: Qe0@=3,/.10



--� ��� ����
�
H����� � &!��
 � � ��������� ����
���"\� � "O�N�  #  
B9JK0AEWB�<70-?@47*1?@0@*[,>EWB(,/: 47*Y4�2^,/.10&E/0@=>FI0@?A,/: JK0-*\ND,>E/: 0@*[, : *�,/.OB(,;?@47QeFI47*10@*[,9f��.10Y=>FI0@?@: �O?Y6 09B(2�B(E/09B«~M�D�i�V�P8 B�=kCD0A,/0AE/Qe: *109C�47* �*+K��: *OCD: J\: CDNOB�6;*10@09CD6 0Y=>0A,/=e?@476 L6 0@?A,/09Ck: *��iN16 B�=>0A8 BG254�E/0@=X,]B�*OCk47*Y�7��*10@09CD6 0V=>0A,/= ?@476 6 0@?A,/09C�: *��-4�E/47QRB�*1:O254�E/0@=X,�~M�&FaC1B�QY`�9�7�7�K�Wfe��.10G=>NDE>2�B�?@0RB(E/09Bk4�2�09B�?W.�: *OCD: J\: CDNOB�6^=>0A,-8 B�=-?9B�6 ?@N16 B(,/09C�2 E/47Q�*10@09CD6 0Z6 0@*1<�,/.«~ � �B�*OC�B9JK0AEWB�<70Z,/.1: ?Wª\*10@=>=@`SB�=�CD0A,/0AE/Qe: *109C"B(,���� �7©P� � B�*OC���� �7©-� � ~M�[8 B�*1ª"B�*OC%�\?W.DE/4[09CD0AE9`�9�K�=+ �\�PB�ND25QRB�*1*eB�*OCZ�gE/4[0@*OCD6 07`O�9�;1\�(�Wf�T&0@09CD6 0;=>0A,/=3?@47*1=>: =X,/09CZQe47=X,/6 j�4�2a,/.DE/0@0 : *OCD: J\: CDNOB�6*10@09CD6 0@=;B�6 ,/.147N1<7.Y=>0A,/= ?@47*[,WB�: *1: *1<G,+8�4D`D2547NDE]4�E �OJK0V*10@09CD6 0@=�8�0AE/0-*14�,;N1*1?@47QeQe47*gfi� .10@*B�6 6O*10@09CD6 0@=�8;: ,/.1: *kBV=>0A,U8�0AE/0]<�E/47N1FI09CG,/47<70A,/.10AE BV?AjD6 : *OC\E/: ?9B�6O=>.OB�FI0;8 B�=3254�E/Qe09CZ4�2a8;.1: ?W.,/.10�EWB7CD: N1=&8 B�=-09h[NOB�6^,/4R,/.10�,/.1: ?Wª\*10@=>=V4�2U,/.10G*10@09CD6 07fZ��.10Z=>NDE>2�B�?@0eB(E/09Bk4�2U,/.10G=>0A,-8 B�=?9B�6 ?@N16 B(,/09C�2 E/47Q ,/.10-6 0@*1<�,/."B�*OCk,/.10VEWB7CD: N1=�~��K�325476 6 498;: *1<�|3h[NOB(,/: 47*%�7�7f �P8;.10AE/0��"E/0@FDE/0AL=>0@*[,/09CY,/.10G*\N1QGHI0AE]4�2�*10@09CD6 0@=V: *�BR=>0A,e~��\`9+k4�E�©7�Wf���.10�2 E/0@=>.�8�0@: <7.[,-4�2�09B�?W.�<�E/47N1F�4�2�OJK0&=>0A,/=;8 B�=]CD0A,/0AE/Qe: *109C�B�= 8�0@6 6SB�= ,/.10-C\E>jR8�0@: <7.[,]4�23B�6 6g=>0A,/=;?@47QGH1: *109CR,/47<70A,/.10AE9f

�	�
� � �«�	��� � ~X�7�7f �(�
)+*D254�E/QRB(,/: 47*G47*P,/.10�CD: =X,>E/: H1ND,/: 47*G4�218�0@: <7.[,3B�*OC�Qe47: =X,/NDE/0U?@47*[,/0@*[,^4�2O: *OCD: J\: CDNOB�6\*10@09CD6 0=>0A,/=-8;: ,/.�.10@: <7.[,�4�2 ,/.10e?AE/498;*�8 B�=�47HD,WB�: *109C%H[j"EWB�*OCD47Qe6 j�?@476 6 0@?A,/: *1<��9�7��2 E/0@=>.�*10@09CD6 0=>0A,/= 8;: ,/.1: *_09B�?W.��PQ =>0@?A,/: 47*_4�2^,/.10-6 : JK0-?AE/498;*Y2 E/47Q �*+Z,>E/0@0@=]B�*OCkE/0@?@4�EWCD: *1<Z,/.10@: E;2 E/0@=>.B�*OCk4(JK0@*DL+C\E>je8�0@: <7.[,/=@f|�=X,/: QRB(,/0@=&4�23FDE/0AL B�*OCYFI47=X,>LM?AjD?@6 47*10G�i�])+= 254�E-09B�?W._4�2�,/.10P=X,/NOC\j�254�E/0@=X,/=&8�0AE/0�?9B�6 ?@NDL6 B(,/09C�2 E/47Q ,/.10G�D�i�P`1,/.10V25476 : B�<70ZH1: 47QRB�=>=&B�*OC�,/.10-,>E/0@0�CD0@*1=>: ,+j[f )+*OCD0@FI0@*OCD0@*[,;0@=X,/: QRB(,/0@=8�0AE/0Z47HD,WB�: *109C"N1=>: *1<k,/.10	.V0@?9B�<747*��\N1*-,O0@?Wª�?@0@FD,/47Qe0A,/0AEPCD0@=>?AE/: HI09C�09B(E/6 : 0AEGB�?@?@4�EWCD: *1<�,/4,/.10&Qe0A,/.14\CR4�2���: 0AE/?@0PB�*OCk�]N1*1*1: *1<k~X�9�;1;1K�Wf��\0@JK0AEWB�6I,>EWB�*1=>0@?A,/= 8�0AE/0-QRB7CD0],/.DE/47N1<7.�09B�?W.254�E/0@=X,eB�*OC%B(,G0@JK0AE>j%�_Q B�6 47*1<�B�,>EWB�*1=>0@?A,e���"�a�]��~����VQe09B�=>NDE/0@Qe0@*[,/=V8�0AE/0kQRB7CD0eH[j.1476 CD: *1<",/.10�?@0@FD,/47Qe0A,/0AEe6 0@JK0@6 8;: ,/.vB(E/Qe=Z47ND,/=X,>E/0A,/?W.109C«B�*OC�=/B�QeF16 : *1<"8;.1: 6 0Y,/NDE/*1: *1<�B�7�7�K�&?@: E/?@6 0-B(,;B�HI47ND,&�(©7�V: *1?AE/0@Qe0@*[,/=@f3��09B�=>NDE/0@Qe0@*[,/=U4�2i: *1?@47Qe: *1<G�a�]��~����@�^8�0AE/0VQRB7CD0E/0@<7N16 B(E/6 jv: * B7C=?>B�?@0@*[,k<�EWB�=>=>6 B�*OCD=@f���.10 EU0@0AE>L+�iB�QGHI0AE>,R09h[NOB(,/: 47*�~�|3h[NOB(,/: 47* �7�7f �7�Z8 B�=N1=>09CZ,/4G?9B�6 ?@N16 B(,/0&,/.10V�i�])�N1=>: *1<ZB�*k043\,/: *1?A,/: 47*k?@4[0��e?@: 0@*[,P~��I�34�2S�\f ©7�GB�= <7: JK0@*kH[j 'KB(E/J\: =dW� ¦7¤ fi~X�9�K���K� B�*OC�?@47*D�1E/Qe09CRH[j���: 0AE/?@0PB�*OC��]N1*1*1: *1<k~X�9�;1;1K��254�E&?@47*1: 250AE/47N1=;254�E/0@=X,/=@f

����Ql�� 6 *i~�������@�� ~X�7�7f �7�
�^E/0ALM?AjD?@6 47*10_Qe09B�=>NDE/0@Qe0@*[,/=G8�0AE/0_QRB7CD0Y: * �iN16 B�=>0A8 B�254�E/0@=X,�47*16 j�~F'7N16 jt�9�7�7�\`]*Cl ©��K�W`8;.10AE/09B�=PFI47=X,>LM?AjD?@6 47*10eQe09B�=>NDE/0@Qe0@*[,/=V8�0AE/0eQRB7CD0Z: *%�iN16 B�=>0A8 B�~�*Cl	�7�K�W`S�-4�E/47ª\N16 B%~�*Cl�9�K©7�;B�*OCk: *Y�-4�E/47QRB�*1:3~�*Cl �=+[�U254�E/0@=X,/=&: *C'7N16 j��9�7�\�7f��]*14�,/.10AEP�9�\�PQe09B�=>NDE/0@Qe0@*[,/=U8�0AE/0QRB7CD03: *P,/.103254�E/0@=X,�=>NDE>E/47N1*OCD: *1<;,/.10UQe0A,/0@4�E/476 47<7: ?9B�6\,/498�0AE�*109B(ES,/.10U�-4�E/47QRB�*1:K254�E/0@=X,�F16 4�,9f�]6 6\Qe09B�=>NDE/0@Qe0@*[,/=g8�0AE/0�QRB7CD0UHI0A,+8�0@0@*k�7�;A �7�-B�*OCe�*+-A �7�V.GN1*OCD0AE^?@6 09B(E�=>ª\: 0@=@fU��B�*147F[jP<KB�F2 EWB�?A,/: 47*1=]8�0AE/0GCD0A,/0AE/Qe: *109C�: *Y,/.10-=/B�Qe0-2�B�=>.1: 47*�B�*OCYN1=>: *1<Z,/.10��a�]� ,>E/0@=>.1476 C"CD0@=>?AE/: HI09C: *_�\0@?A,/: 47*��9�\f ���.10GB�HI4(JK0ALM<�E/47N1*OCYH1: 47QRB�=>=&4�2�,/.10PN1*OCD0AE/<�E/498 ,/.Y8 B�=VQe09B�=>NDE/09CY: *_�-4�E/47QRB�*1:i254�E/0@=X,47*k�YB@jR©[`I�9�7�\�7fU�]6 61N1*OCD0AE/<�E/498 ,/.eJK0@<70A,WB(,/: 47*R: *Z,+8�4P=/h[NOB(E/0@=@`[?@4(JK0AE/: *1<�B�*RB(E/09B-4�2S�7©VQk�09B�?W.g`[8 B�=�?@ND, B(, <�E/47N1*OCe6 0@JK0@6aB�*OCZ,/.10;,/4�,WB�6O2 E/0@=>.R8�0@: <7.[,�254�E 09B�?W.R=>FI0@?@: 0@=�8 B�=UE/0@?@4�EWCD09Caf}OB�?A,/4�E/=S254�E�,/.10�?@47*\JK0AE/=>: 47*G4�2O2 E/0@=>.�8�0@: <7.[,�,/4VC\E>j-8�0@: <7.[,�8�0AE/0�47HD,WB�: *109CP2 E/47Q =>N1H1=/B�QeF16 0@=?@476 6 0@?A,/09Ck254�E&09B�?W.Y=>FI0@?@: 0@=@f
�k�k�4P � � oPo qR�%!rm%�k� oP{�� 
 �%qe� qe$&��oP�;'({�� '($-{
)+*P,/.1: =�=>0@?A,/: 47*Z=>47Qe0 HOB�?Wª\<�E/47N1*OC�: *D254�E/QRB(,/: 47*Z: =�<7: JK0@*G47*G,>E/0@0�=X,>E/N1?A,/NDE/07`[B�=^8�0@6 6OB�=^8�4[4\CB�*OCZ25476 : B�<70-FDE/47FI0AE>,/: 0@=�4�2�� b5�1 \�V§/¦O[Wb��/¦[d>¦ ��4�E/0@6 0A,;J7B(E9f ¨D£���^� B[/dW�1�/b5� <�E/498;*�: *k}S: ?X:�`OB�=�47HDL,WB�: *109C-2 E/47Q�,/.10U6 : ,/0AEWB(,/NDE/0;B�*OC-,/.10UFDE/0@=>0@*[,^=X,/NOC\j[f^��.10U: *D254�E/QRB(,/: 47*Z.OB�=^HI0@0@*�: *1?@6 NOCD09C�B�=



 #�� �������	��
���--��� &!��
 � � � "O&��@�	��� ����� � �!����"#
��$�%��&!�$��
��$�

=>47Qe0U4�21: ,^QRB@j-HI0U4�21: QeFI4�E>,WB�*1?@03254�E^254�E/0@=X,^�1E/03FDE/09CD: ?A,/: 47*�Qe4\CD0@6 =�~�FI0AE/=@f(?@47QeQYf).&E9f7��f | f�]6 0431B�*OCD0AEA�g4�E3B�=^25ND,/NDE/0UE/0A250AE/0@*1?@0�254�E�=X,/NOCD: 0@=^47*GF1: *10�F16 B�*[,WB(,/: 47*�254�E/0@=X,/=3: *Z}S: ?X:�f�}1NDE>,/.10AE>LQe4�E/07`K,>E/0@0&B�*OCZ254�E/0@=X, =X,>E/N1?A,/NDE/0].OB9JK0]B-6 B(E/<70V: *-,ON10@*1?@0;47*e,/.10]=>NDE>2�B�?@0]E/47N1<7.1*10@=>=UFOB(EWB�QZL0A,/0AE/= N1=>09CR254�E ,/.10V?9B�6 ?@N16 B(,/: 47*Y4�2^0@J7B�FI4�,>EWB�*1=>F1: EWB(,/: 47*k8;: ,/.�J7B(E/: 47N1= Qe: ?AE/4�LMQe0A,/0@4�E/476 47<7: ?9B�6,/0@?W.1*1: h[N10@=-~M�U.OB�FD,/0AEV�7�Wf
����������� �
	��������	���������	��
�U.OB�*1<70@=3: *G,/.10�QRB�=>=2([.10@: <7.[,UCD: =X,>E/: H1ND,/: 47*1=34�2I=X,/0@Qe=@`KHDEWB�*1?W.10@=@`725476 : B�<70&B�*OC�,/4�,WB�61H1: 47QRB�=>=CDNDE/: *1<GB-E/4�,WB(,/: 47*YB(E/0V=>.1498;*�: *�}S: <7NDE/0@=V�7�7f �9�N(�.G`DE/0@=>FI0@?A,/: JK0@6 j[f3��09B�=>NDE/09CR8�0@: <7.[,/=�8�0AE/0?@47*\JK0AE>,/09CR,/4G,;.OBB698;N1=>: *1<G,/.10-FDE/0ALM?AjD?@6 47*10VH1: 47QRB�=>=]C1B(,WBGFDE/0@=>0@*[,/09Ck: *"�\0@?A,/: 47*��7�7f ©[f

2 4 6 8 10 12 14 16 18 20 22
Height above soil surface [m]

0

0.5
1

1.5
2

2.5
3

3.5
4

4.5

B
ra

nc
h 

m
as

s 
[t

on
ne

s/
ha

]

Age 6

Age 11

Age 15

B

2 4 6 8 10 12 14 16 18 20 22
Height above soil surface [m]

0
20

40

60

80
100

120

140
160

C
um

. b
io

m
as

s 
[t

on
ne

s/
ha

]

Age 6

Age 11

Age 15D

2 4 6 8 10 12 14 16 18 20 22
Height above soil surface [m]

0
0.5

1

1.5

2
2.5

3

3.5
4

Fo
lia

ge
 m

as
s 

[t
on

ne
s/

ha
]

Age 6
Age 11

Age 15

C

2 4 6 8 10 12 14 16 18 20 22
Height above soil surface [m]

0

5

10

15

20

25

30

35

St
em

 m
as

s 
[t

on
ne

s/
ha

]

Age 6

Age 11

Age 15

A

��� ���	���   ��  ����J%�� 0213�#���@'(� �(�!K��C� �!��"' �+> '(�&%�? K��!��?R$2'<'\) ��;2f K���$�"G�<1 K��!��?R$2'<'\)�� ;2f
"G%<%<�3F %O?R$2'<'R)<eW;U$�"G�U���C?6�CF $�� �4S�%O�&���&$�F:?R$2'<'R)NMA;I>����J%<$��<1X�+>.�N1%/>�����%('(�:DGF ���!'7c

)+*D254�E/QRB(,/: 47*�47*t,/.10�<�E/498 ,/. EWB(,/0@=_4�2Z,/.10�E/0@=>FI0@?A,/: JK0�254�E/0@=X,/=": =_FDE/0@=>0@*[,/09Ct: * �\0@?AL,/: 47*_�7�7f �\f +eB�*OCe: ,�=>N �e?@0@=U,/4�=/B@jZ,/.OB(, B�*1*\NOB�6ICD: B�Qe0A,/0AE�: *1?AE/0@Qe0@*[,/=�8�0AE/0&QGN1?W.e.1: <7.10AE�: *,/.10G�iN16 B�=>0A8 Be254�E/0@=X,PF16 4�,&,/.OB�*": *_,/.10��-4�E/47ª\N16 BkB�*OCY�-4�E/47QRB�*1:SF16 4�,/=&254�EV8;.1: ?W."=>: Qe: 6 B(EJ7B�6 N10@=S8�0AE/0 Qe09B�=>NDE/09Caf^}S: <7NDE/0V�7�7f �9� =>.1498;=^,/.OB(,3B&6 B(E/<70 FDE/47FI4�E>,/: 47*Z4�2O,/.10�=X,/0@Q H1: 47QRB�=>=: =3?@47*[,WB�: *109CG: *G,/.10 6 498�0AE�FOB(E>,34�2I,/.10 =X,/0@QYf^��.10;?@NDE/JK0@=^254�E3,/.10�E/0@=>FI0@?A,/: JK0;B�<70;?@6 B�=>=>0@= B(E/0E/47N1<7.16 jRFOB(EWB�6 6 0@6g: *OCD: ?9B(,/: *1<�,/.OB(,�,/.10&=X,/0@Q 254�E/Q E/0@QRB�: *1=U2�B�: E/6 jk?@47*1=X,WB�*[, ,/.DE/47N1<7.147ND,U,/.10E/4�,WB(,/: 47*gfR��.10Z=X,/0@Q�254�E/Q ?9B�*�HI0eCD0@=>?AE/: HI09C�H[j_,/.10�,WB�FI0AER~����
	��� �	I�W`i8;.1: ?W.�: *1?AE/09B�=>09C=>6 : <7.[,/6 jG8;: ,/.eB�<70;2 E/47Q �\f �\�9�7�D~Y>V�\f �7�K�7�UQ Q76983B(,UB�<70;=>: 3Y~�*Cl �=+W1K�^,/4-�\f �\�9�7�D~Y>V�\f �7�7�K�UQQ7698�B(,UB�<70-�7�P~�*Cl �9�7�K��B�*OCZ�\f �\�*+K�D~Y>V�\f �7�O+[�3Q Q7698 ~�*Cl +[©��K�^B(,�B�<70V�(©[fU�\: Qe: 6 B(E3J7B�6 N10@=~5EWB�*1<70V�\f �\�7�9�)(\�\f �\�(©ZQ Q 6a� ��254�E�,/.10;,WB�FI0AE 4�2^� b5�1 \�V§/¦O[Wb��/¦[d>¦ 8�0AE/0&2547N1*OCe: *RF16 B�*[,WB(,/: 47*1=



--� ��� ����
�
H����� � &!��
 � � ��������� ����
���"\� � "O�N�  #��

: *�T&: <70AE/: B�~�|�<7N1*O?X47H1:�`3�9�K�7©[`3�9�K�����^�PB7CD0@HOB\`��9�7�\�(�]8;.10AE/09B�=-=>6 : <7.[,/6 j�.1: <7.10AE-J7B�6 N10@=&8�0AE/047H1=>0AE/JK09Ck: *_��N10AE>,/4Z�]: ?@4Y~��\f �\�(©*(\�\f �\�(�7©RQ	Q7698 �O�gN1<74D`g�9�7�K�7�Wf}S: <7NDE/0@=��7�7f �)E�B�*OCe�7�7f �(��=>.1498�,/.10�CD0@JK0@6 47F1Qe0@*[,i4�21,/.103?AE/498;*G4(JK0AE�B E/4�,WB(,/: 47*GFI0AE/: 4\Caf
EU4�,/.tHDEWB�*1?W. B�*OC 25476 : B�<70�QRB�=>=k8�0AE/0%.1: <7.10@=X,_B(,Y,/.10�Qe: C\LM?AE/498;*tFI47=>: ,/: 47*t254�E"B�6 6�B�<70?@6 B�=>=>0@=@f-��.10�6 498�HDEWB�*1?W._QRB�=>=VB(,-B�<70G�RB�=V?@47QeFOB(E/09C�,/4Z,/.147=>0GB(,-B�<70k�7�GB�*OC��(©e=>.1498;=,/.OB(,G,/.10k?AE/498;*«8 B�=Z*14�,Zj[0A,G25N16 6 j«CD0@JK0@6 47FI09C�B(,Z,/.1: =eB�<707` B�6 ,/.147N1<7.�,/.10R25476 : B�<70_QRB�=>=XL.10@: <7.[,eCD: =X,>E/: H1ND,/: 47*«?@NDE/JK0k8 B�=RB�6 E/09B7C\j�=>: Qe: 6 B(ER: *«=>.OB�FI0k,/4",/.147=>0�4�2&,/.10�476 CD0AEZ254�E/0@=X,/=~�}S: <7NDE/0Z�7�7f �(� �Wf
E3EWB�*1?W.eB�*1<76 0@=�8�0AE/0 Qe09B�=>NDE/09CGB(,�,/.10 =X,/0@QnB�*OCGB(,UBVCD: =X,WB�*1?@0;4�2g©��V?@Q�2 E/47Q�,/.10 =X,/0@Q47*�,>E/0@0k�P�*+D�R: *��iN16 B�=>0A8 BY254�E/0@=X,9f���,-,/.10eHOB�=>0R4�2;,/.10e?AE/498;* ~M�kQk�VHDEWB�*1?W.10@=PFI47: *[,/09CN1F[8 B(EWCD=-B(,-6 498 B�*1<76 0@=-EWB�*1<7: *1<k2 E/47Q �9�)(D���K�RB(,-,/.10G=X,/0@Qz,/4Y�)(D���K�eB(,G©��k?@Qz2 E/47Q�,/.10=X,/0@QYf���.10&B�*1<76 0V: *1?AE/09B�=>09Ce8;: ,/.k.10@: <7.[, : *e,/.10]?AE/498;*R,/4G�7�)(D©��K�PB(,�,/.10]=X,/0@Q	B�*OCR�O+=(D���K�B(,G©���?@Q�2 E/47Q�,/.10Z=X,/0@Q B(,�B�6 0@JK0@634�2 1\f �kQYf E3EWB�*1?W.10@=-8�0AE/0e*109B(EPJK0AE>,/: ?9B�6UB(,P,/.10G,/47F4�2^,/.10-,>E/0@0R~X�7�7f 1eQk�Wf�)+*YQe4�E/0-QRB(,/NDE/0V254�E/0@=X,/=@`aHDEWB�*1?W.10@=&B(,],/.10-HOB�=>0�4�2^,/.10P?AE/498;*Y8�0AE/04�2 ,/0@*�*109B(E�JK0AE>,/: ?9B�6�4�EGFI47: *[,/09C%CD498;*[8 B(EWCD=�N1*OCD0AEGBY6 498	B�*1<76 0kN1F�,/4"CD: =X,WB�*1?@0@=G4�2-�RQ2 E/47Q ,/.10�=X,/0@Q B(2 ,/0AEZ8;.1: ?W.�,/.10YB�*1<76 0�: *1?AE/09B�=>09C�,/4��9�)(D���K�[`UFI47: *[,/: *1<�N1F[8 B(EWCD=�~�J\: =>NOB�647H1=>0AE/J7B(,/: 47*1=W�Wf}S: <7NDE/0-�7�7f �*. =>.1498;=�,/.OB(,�,/.10�,/4�,WB�61QRB�=>=�4�2I,/.10�,>E/0@0@=3: *1?AE/09B�=>09CGE/47N1<7.16 jG6 : *109B(E/6 jZ8;: ,/.,/.10P.10@: <7.[,&4�2�,/.10-,>E/0@0�N1*[,/: 6-?XN1=X,VHI0@6 498�,/.10PQe: C\LM?AE/498;*_FI47=>: ,/: 47*g`gB(2 ,/0AE&8;.1: ?W.": ,&6 0@JK0@6 6 09C4OD^f

����������� �������	� 	
��� �	��
 ���
�U498;* dW�Z¦7¤ f;~X�9�;17�K�ZFDE/4(J\: CD09C�: *D254�E/QRB(,/: 47* 47*�,/.10�8�4[4\C«FDE/47FI0AE>,/: 0@=R4�2P� b5�1 \�Y§/¦O[Wb��/¦[d>¦,>E/0@0@= <�E/498;*�: *Y}S: ?X:�fU��.10VF1: *10@= : *Y}S: ?X:gFDE/4\CDN1?@09CRQe09CD: N1Qn,/4G.1: <7.YCD0@*1=>: ,+je8�4[4\Ck8;: ,/.YB�*B9JK0AEWB�<70ZHOB�=>: ?eCD0@*1=>: ,+j_4�2;©[�(©kª\<kQ76 � 254�E-,>E/0@0@=PB(,PB�<70��(©R<�E/498;*%: *",/.10G6 498;6 B�*OCD=@fe��.10HOB�=>: ?VCD0@*1=>: ,+jZ8 B�= FI47=>: ,/: JK0@6 jRE/0@6 B(,/09Ce,/4P,>E/0@0VB�<70-B�*OCe,/.10]6 B(E/<70@=X,]: *1?AE/09B�=>0V: *�CD0@*1=>: ,+jZ8 B�=47H1=>0AE/JK09CkHI0A,+8�0@0@*"B�<70G©GB�*OC��(��~52 E/47Qz�O+K�Zª\<ZQ76 � ,/40+[���eª\<ZQ76 � �Wf���.10PHOB�=>: ?PCD0@*1=>: ,+j=>.1498�09C_BG*10@<KB(,/: JK0P?@4�E>E/0@6 B(,/: 47*"8;: ,/._=>: ,/0P0@6 0@J7B(,/: 47*g`O8;: ,/.��(©9L�j[09B(E&476 C�,>E/0@0@=]<�E/498;*�B�HI4(JK0�7�7�eQzB\f =@f 6�fa.OB9J\: *1<eB�*"B9JK0AEWB�<70�HOB�=>: ?GCD0@*1=>: ,+j�4�2�+;+[©Zª\<eQ 6 � f;��.10�CD0@*1=>: ,+j�8 B�=].1: <7.10@=X,: *�=X,/0@Q�8�4[4\C%B(,-,/.10eHOB�=>0Z4�2 ,/.10G,>E/0@0_~M©=+K��ª\<�Q76 � B(,GB�<70_�7�\(O�(©7�PB�*OC�C\E/47F1FI09C�HI0@6 498
+K�7�Gª\<ZQ76 � B�HI4(JK0PBG.10@: <7.[,;4�2�1GQYf��.10�B9JK0AEWB�<70 C\E>jV8�4[4\CGCD0@*1=>: ,+j-Qe09B�=>NDE/09C�CDNDE/: *1< ,/.10UFDE/0@=>0@*[,^=X,/NOC\jV: *1?AE/09B�=>09C�=>6 : <7.[,/6 j8;: ,/.Z254�E/0@=X,;B�<707`[2 E/47Q +;+K�D~Y> +K�K�3ª\<PQ76 � : *��&j[09B(EU476 CeF1: *10@=]~�*Cl ©7�^,/4�+K�7�D~Y>-©��K�3ª\<-Q76 �: * �(��~�*Cl�©7��B�*OC �9�(L�j[09B(E>LM476 C�F1: *10@=Y~�*Clz©7�Wf���.10�?@4�E>E/0@=>FI47*OCD: *1<"2 E/0@=>.�8�4[4\C«CD0@*1=>: ,+jCD0@?AE/09B�=>09CZ2 E/47Qz�9�7�7�D~Y> +K�K�3ª\<PQ 6 � B(, B�<70-�&,/4��\�9�D~Y>��9�7�K�Uª\<PQ 6 � B(, B�<70��9�\f3��.10]HOB�=>: ?CD0@*1=>: ,+j�B9JK0AEWB�<709C�+[���\`D©7���&B�*OCZ©��7�&ª\<&Q76 � : *G=X,/0@Q�8�4[4\CGB(,^,/.10UHOB�=>0 4�2a�[`1�(�&B�*OCe�9�]j[09B(E476 CR,>E/0@0@=�E/0@=>FI0@?A,/: JK0@6 j[`D8;.10AE/09B�=;?@4�E>E/0@=>FI47*OCD: *1<eCD0@*1=>: ,/: 0@=]B(, ,/.10&,/47F�4�2i,/.10&,>E/0@0-B9JK0AEWB�<709C�K���\`�+K�O+eB�*OCY�K���Zª\<GQ 6 � f��.10UQRB�=>=iEWB(,/: 4&4�2IC\E>jV,/4]2 E/0@=>.�=X,/0@Q�8�4[4\CP: *1?AE/09B�=>09CP8;: ,/.P254�E/0@=X,UB�<7032 E/47Q �\f +[�\~Y>V�\f �K©7�~�*Cl	©7�VB(,PB�<70k�e,/4Y�\f ©[�K~Y>V�\f �K�7�e~�*Cl	©7�VB(,�B�<70Y�(�kB�*OC��\f ©7�\~Y>V�\f �K�7�e~�*Cl	©7�VB(,�B�<70Y�9�\f�\6 : <7.[,/6 je6 498�0AE�EWB(,/: 47=�8�0AE/0&47H1=>0AE/JK09CZ8;.10@*RHDEWB�*1?W.10@=�B�*OCZ,+8;: <7=�8�0AE/0&: *1?@6 NOCD09C_~��\f +[�[`1�\f ©��B�*OC"�\f ©[�GE/0@=>FI0@?A,/: JK0@6 jO�Wf��\: *1?@0�=/B�QeF16 : *1<R8 B�=&E/0@=X,>E/: ?A,/09C_,/4R,/.10GC\E>j_=>09B�=>47*",/.10GFDE/0@=>0@*1?@04�2�BG=>09B�=>47*OB�6SFOB(,>,/0AE/*�?@47N16 C�*14�,;HI0-0@J7B�6 NOB(,/09Caf
����������� � 	
��� �	��
 ��������������������

��.10GB9JK0AEWB�<70GC\E>j�8�0@: <7.[,V4�2U: *OCD: J\: CDNOB�6i*10@09CD6 0�=>0A,/=&8 B�=]E/0@6 B(,/09C_,/4e.10@: <7.[,V: *_,/.10P?9B�*147F[jH1ND,V*14�,V,/4�B�<70Z4�2U,/.10P,>E/0@07`SB�=V=>.1498;*�: *�}S: <7NDE/0k�7�7f �[fe��.10G6 498�0@=X,P*10@09CD6 0�8�0@: <7.[,/=V8�0AE/047H1=>0AE/JK09C�B(,G,/.10k?AE/498;*«HOB�=>07`3EWB�*1<7: *1<"2 E/47Q �\f �9�D~Y>V�\f �7�K�Z<«~�*Clz©7��: *��-4�E/47ª\N16 B_254�E/0@=X,



 #�� �������	��
���--��� &!��
 � � � "O&��@�	��� ����� � �!����"#
��$�%��&!�$��
��$�

3 4 5 6 7 8 9 10 11 12 13 14
Height above soil surface [m]

0

0.05

0.1

0.15

0.2

0.25

0.3

N
ee

dl
e 

w
ei

gh
t [

g]

Age 7

3 4 5 6 7 8 9 10 11 12 13 14
Height above soil surface [m]

100

110

120

130

140

150

160

170

N
ee

dl
e 

m
oi

st
ur

e 
co

nt
en

t [
%

]

Age 7

6 8 10 12 14 16 18
Height above soil surface [m]

0

0.05

0.1

0.15

0.2

0.25

0.3

N
ee

dl
e 

w
ei

gh
t [

g]

Age 12

6 8 10 12 14 16 18
Height above soil surface [m]

100

110

120

130

140

150

160

170

N
ee

dl
e 

m
oi

st
ur

e 
co

nt
en

t [
%

]

Age 12

6 8 10 12 14 16 18 20 22 24
Height above soil surface [m]

0

0.05

0.1

0.15

0.2

0.25

0.3

N
ee

dl
e 

w
ei

gh
t [

g]

Age 16

6 8 10 12 14 16 18 20 22 24
Height above soil surface [m]

100

110

120

130

140

150

160

170

N
ee

dl
e 

m
oi

st
ur

e 
co

nt
en

t [
%

]

Age 16

��� ���	���   �� �C� MO�@'(� �(�!K��C� �!��"X�+>.$�S�%���$70Y%J���(, -/%�� 0213�!'=$�"G��>���F �!$��=?R���@'(� �C��%O�<��"��&%�"��!'*�+>
�4"G���4S��!����$�F "G%<%<�3F %J'7%��!'R) "�� �����U"G%<%<�3F %('J? 8:9 ;#- �4�N1Z1%�� 0213�Q$��I$70Y%��Z) "����X� ��%<%(' ;2f
�	�X)�
#� ��%<%(' ;#$�"G� �� )�
#� ��%<%(' ;�c



--� ��� ����
�
H����� � &!��
 � � ��������� ����
���"\� � "O�N�  #��
,/4k�\f �(�\~Y>V�\f �O+[�-<"~�*Cl ©7�]: *��-4�E/47QRB�*1:^B�*OC��&6 0@476 0@<KBR254�E/0@=X,9f�T&0@09CD6 0P8�0@: <7.[,/=VE/09B�?W.109C"BQRB=3D: QGN1Q	: *Y,/.10PN1F1FI0AE]6 0@JK0@6 =&4�23,/.10P?9B�*147F[j%~5EWB�*1<70��\f �7©\~Y>V�\f �O+[� (Y�\f ���D~Y>V�\f �O+[�&<[�;B�*OCCD0@?AE/09B�=>09C�=>6 : <7.[,/6 jYB(,;,/.10&,/47FY4�2S,/.10&,>E/0@0e~5EWB�*1<70P�\f �7�7�\~Y>V�\f �7�7�K�N(k�\f ���K�\~Y>V�\f �7�K�]<[�WfT&0@09CD6 0RQe47: =X,/NDE/0R?@47*[,/0@*[,/=P8�0AE/0eE/0@6 B(,/09C%,/4_*10@09CD6 0kB�<707`UB�=�8�0@6 6 B�=�,/4_=>47: 6�Qe47: =X,/NDE/0=X,WB(,/N1=&B(,],/.10V,/: Qe0-4�23=/B�QeF16 : *1<Df }1476 : B(EVQe47: =X,/NDE/0P?@47*[,/0@*[,/=;Qe09B�=>NDE/09C�47*%�9�Z,>E/0@0@=]4(JK0AE&BFI0AE/: 4\C�4�2^,+8�4Gj[09B(E/=;: *_Bk�9�(L�j[09B(E>LM476 C"� b5�1 \�P§/¦O[Wb��/¦[d>¦ F16 B�*[,WB(,/: 47*�254�E/0@=X,&: *_�i4[476 B(EWB\`g�]N1=XL,>EWB�6 : B\`1CD0@?AE/09B�=>09CRH[j��9�)(\�\�=: : *k476 Ce*10@09CD6 0@=�?@47QeFOB(E/09CZ,/4-,/.10]?@NDE>E/0@*[,�<�E/498 ,/.gfU�\: Qe: 6 B(E/6 j[`*10@09CD6 0;Qe47: =X,/NDE/0 ?@47*[,/0@*[,/=@`[Qe09B�=>NDE/09CZCDNDE/: *1<V,/.10 8�0A,U=>09B�=>47*R4�2��9�7�\�&: *RBG�9�(L�j[09B(E>LM476 CG254�E>L0@=X,�*109B(E�.-B(E>8;: *g`[�]N1=X,>EWB�6 : B\`\CD0@?AE/09B�=>09CGH[je�(�*(D���W:�: *G476 CG<�E/498 ,/.eB�=�?@47QeFOB(E/09CP,/4&?@NDE>E/0@*[,<�E/498 ,/.gf���.10PQe47: =X,/NDE/0-?@47*[,/0@*[,]4�2^,/.10V?@NDE>E/0@*[,]<�E/498 ,/._: *_�i4[476 B(EWBeJ7B(E/: 09C�HI0A,+8�0@0@*%�9�K�;:B�*OC%�9�\�=:z4(JK0AE&,/.10Z�9L�j[09B(E-FI0AE/: 4\Caf�� =>: Qe: 6 B(E-J7B(E/: B(,/: 47*v~X�9�7�W:�(O�9�7�W:Z�&8 B�=V47H1=>0AE/JK09C�B(,,/.10V254�E/0@=X,V*109B(E .-B(E>8;: *�~�FI0AE/=@fO?@47QeQYf�.&E9fI��f | fa�]6 0431B�*OCD0AEA�WfN.VNDE/: *1<G,/.10-FDE/0@=>0@*[,&=X,/NOC\j47H1=>0AE/JK09C�*10@09CD6 0 Qe47: =X,/NDE/0 ?@47*[,/0@*[,/=;~�}S: <7NDE/0-�7�7f �7�^J7B(E/: 09CGHI0A,+8�0@0@*��7�9�W: B�*OCk�(���W:�4�2gC\E>j8�0@: <7.[,;B�*OCe8�0AE/0V4�2 ,/0@*�6 498�0@=X,]B(, ,/.10&Qe: C\LM?AE/498;*RFI47=>: ,/: 47*gfU��.10V6 B(E/<70VJ7B(E/: B(,/: 47*�47H1=>0AE/JK09CHI0A,+8�0@0@*�,>E/0@0@=]QRB@jkFOB(E>,/6 j�HI0-E/0@6 B(,/09C�,/4eCD: Da0AE/0@*1?@0@=]: *Y=>47: 6SQe47: =X,/NDE/0-6 0@JK0@6 =&CDNDE/: *1<e=/B�QZLF16 : *1<Df3��.10&.1: <7.10AE;*10@09CD6 0&Qe47: =X,/NDE/0&?@47*[,/0@*[,/=�47H1=>0AE/JK09CR: *R,/.10]6 498�0AE]6 0@JK0@6 =�4�2i,/.10&?9B�*147F[j[`8;.10AE/0&,/.10V476 CD0@=X,;*10@09CD6 0@=]B(E/0VN1=>NOB�6 6 jR2547N1*OCa`\E/04,O0@?A,/= ,/.10]E/0@<70@*10AEWB(,/: 47*Y4�2^*10@09CD6 0@=]B(, ,/.1: =6 0@JK0@6UCDN10G,/4_: QeFDE/4(JK09C"6 : <7.[,G?@47*OCD: ,/: 47*1=-25476 6 498;: *1<",/.10RCD0A25476 : B(,/: 47*�H[j�?AjD?@6 47*10k�\: *OBYB�*OC: =-,/.10AE/0A254�E/0RB�*147QRB�6 47N1=@fY��.10eQe47: =X,/NDE/0Z?@47*[,/0@*[,P4�2 ,/.10Z?@NDE>E/0@*[,P<�E/498 ,/. ~�*10@09CD6 0@=-: *�,/.10N1F1FI0AE ?AE/498;*_6 0@JK0@6 �U: *_}S: ?X:i=>.1498�09CYB�EWB�*1<70-=>: Qe: 6 B(E;,/4G,/.147=>0-47H1=>0AE/JK09C�: *Y�]N1=X,>EWB�6 : B\fT&0@09CD6 0@=V=/B�QeF16 09C_: *��iN16 B�=>0A8 BR254�E/0@=X,P.OB7C�B�*�B9JK0AEWB�<70Z6 0@*1<�,/."4�2;�=+Df �\~Y>-�[f �7�V?@Q ~�*Cl�*+K�K�UB�*OCeB-,/4�,WB�6I=>NDE>2�B�?@0VB(E/09BP4�2^�[�7f �K©\~Y> +Df ©=+[��?@Qk�(f���.10VB9JK0AEWB�<70;8�0@: <7.[, 4�2SBPC\E>je*10@09CD6 0=>0A,�8 B�=;�\f �7�\�P<PE/0@=>N16 ,/: *1<G: *�BZ�D�i�t4�2^�\f ©7©PQk�;ª\<-6989fU�[,WB�*OC1B(EWCRCD0@J\: B(,/: 47*1= ?@47N16 Ck*14�, HI0?9B�6 ?@N16 B(,/09CYB�=;,/.10&8�0@: <7.[,/=;4�2�: *OCD: J\: CDNOB�6a*10@09CD6 0-=>0A,/= 8�0AE/0P*14�,;Qe09B�=>NDE/09CafT&0@09CD6 0@=e?@476 6 0@?A,/09CvB(,Z,/.10�HOB�=>0%~F1"Qk�W`�,/.10�Qe: C1CD6 0�~X�9��Qk��B�*OC«B(,Z,/.10k,/47F ~X�(�"Qk�4�2P,/.10"?AE/498;* 4�2�,>E/0@0����K�%: *t�-4�E/47QRB�*1:]254�E/0@=X,�8�0AE/0�=>.14�E>,/0AE�,/.OB�* ,/.147=>0"?@476 6 0@?A,/09Ct: *�iN16 B�=>0A8 Be254�E/0@=X,&8;: ,/.�B9JK0AEWB�<70�6 0@*1<�,/.1=;EWB�*1<7: *1<R2 E/47Q �9�\f +K�D~Y>-�[f �(�&?@Q ~�*Cln�7�K�]B(,&?AE/498;*HOB�=>0;,/4����\f �D~Y>-�[f �K�U?@Qz~�*Cl �7�K�UB(,UQe: C\LM?AE/498;*eFI47=>: ,/: 47*gfU��.10]B9JK0AEWB�<70&=>NDE>2�B�?@0&B(E/09BP4�2a,/.10�-4�E/47QRB�*1:^*10@09CD6 0G=>0A,/=-: *1?AE/09B�=>09C"2 E/47Q �9�\f �Z?@Qk��B(,-,/.10GHOB�=>0Z4�2U,/.10G?AE/498;*�,/4"�9�\f ��?@Qk�: *_,/.10�N1F1FI0AE&6 0@JK0@6 =@fP��.10G?@4�E>E/0@=>FI47*OCD: *1<�B9JK0AEWB�<70G*10@09CD6 0P8�0@: <7.[,/=-: *1?AE/09B�=>09C_2 E/47Q��\f �(©e<,/4k�\f ���k<�~�*Cl �9�7�K�Wf���.10G?9B�6 ?@N16 B(,/09C%�D�i��8 B�=�©[f �\�ZQk�-ª\<-698-B(,V,/.10�HOB�=>0G4�23,/.10�?AE/498;*B�*OC"CD0@?AE/09B�=>09C",/4 +Df �kQk�-ª\<-698PB�*OC +Df �kQk�-ª\<-698PB(,PBk6 0@JK0@6^4�2&�9�kQ�B�*OC�B(,V,/.10�,/47F�4�2,/.10V?AE/498;*%~X�(��Qk�3E/0@=>FI0@?A,/: JK0@6 j[fT&0@09CD6 0 6 0@*1<�,/.1=�J7B(E/: 09CG?@47*1=>: CD0AEWB�H16 j�8;: ,/.G,/.10�FI47=>: ,/: 47*e: *G,/.10U,>E/0@0-~�J\: =>NOB�6D47H1=>0AE/J7B(,/: 47*H[jk,/.10�B�ND,/.14�EA� H1ND,;8�0AE/0PE/47N1<7.16 jY: *_,/.10P=/B�Qe0-EWB�*1<70-254�EV,/.10-E/0@=>FI0@?A,/: JK0-254�E/0@=X,V=>: ,/0@=Z~ §4i9c}S: <7NDE/0k�7�7f �7�-B�*OCY,/.10ZC1B(,WBR47HD,WB�: *109C": *",/.10Z�iN16 B�=>0A8 B�B�*OC"�-4�E/47QRB�*1:S254�E/0@=X,PF16 4�,/=&8�0AE/0FI4[476 09C�,/4-47HD,WB�: *eB�*OCGB�*eB9JK0AEWB�<70&�D�i�«4�2g�\f �7�&Qk�Uª\<-698@`78;.1: ?W.G8 B�=3=>N1H1=>09h[N10@*[,/6 j�N1=>09C�,/4?9B�6 ?@N16 B(,/0]FDE/0ALSB�*OCZFI47=X,>LM?AjD?@6 47*10]�i�])^J7B�6 N10@=�254�E�09B�?W.e4�2a,/.10 254�E/0@=X,�F16 4�,/=]~M�\0@?A,/: 47*Y�7�7f �\f �K�Wf
����������� � 	
��� ����� � �����

�iN16 B�=>0A8 B�254�E/0@=X,G8 B�=�J\: <74�E/47N1=>6 j%<�E/498;: *1<"CDNDE/: *1<�,/.10Z8�0A,G=>09B�=>47*�4�2-�9�7�7�Y8;: ,/.�B9JK0AEWB�<70CD: B�Qe0A,/0AESB�*OC-.10@: <7.[,S: *1?AE/0@Qe0@*[,/=g4�2O�\f �K�=+1~Y>V�\f �7�K�7�SQtj\E)698U~�*Cl �)1K�gB�*OC��[f ©\~Y>V�\f �K�iQtj\E)698~�*Cl �9�K��E/0@=>FI0@?A,/: JK0@6 j[fU��.10P<�E/498 ,/._=>6 498�09C_CD498;*Y=>47Qe0A8;.OB(,&CDNDE/: *1<G,/.10PC\E>jk=>09B�=>47*_8;: ,/.Qe09B�*eCD: B�Qe0A,/0AE�B�*OCZ.10@: <7.[,U: *1?AE/0@Qe0@*[,/=�4�2i�\f �\�9�D~Y>V�\f �7�;1K��Q j\E)698]~�*Clt�K��B�*OC��7f ©-Q j\E)698~�*Cl 1K�SE/0@=>FI0@?A,/: JK0@6 j[f���.1: =3E/0@=>N16 ,/09CZ: *RBVFDE/0ALM?AjD?@6 47*10]B�*1*\NOB�6OCD: B�Qe0A,/0AE3: *1?AE/0@Qe0@*[,34�2i�\f �\�)1Q j\E)698RB�*OCvB�.10@: <7.[,R: *1?AE/0@Qe0@*[,e4�2��[f ��Q j\E)698@ft��.10_FI47=X,>LM?AjD?@6 47*10_B�*1*\NOB�6]CD: B�Qe0A,/0AE: *1?AE/0@Qe0@*[,;8 B�=V=>6 : <7.[,/6 j"6 498�0AEPB(,-�\f �\�*+1~Y>V�\f �7�K�7�VQ j\E)698G~�*Cl �7�]B�*OCY8 B�=&=>: Qe: 6 B(EV,/4e,/.10Qe09B�*Z: *1?AE/0@Qe0@*[,/=;~�*Clt�[�(��47H1=>0AE/JK09CZ: *RBV*109B(E/H[jZFI0AE/QRB�*10@*[,�=/B�QeF16 0;F16 4�,�4�2I,/.10]}S: ?X:I��: *10�a,WCafa~��\f �\�(��Q j\E 698 B�*OCk�\f �\�9�GQ j\E 698 CDNDE/: *1<R�9�7�\�-B�*OC_�9�7�K�PE/0@=>FI0@?A,/: JK0@6 j �DFI0AE/=@fD?@47QeQYf



 #�� �������	��
���--��� &!��
 � � � "O&��@�	��� ����� � �!����"#
��$�%��&!�$��
��$�

.&E9f�'Df I�f �Pf�I&0@N1?W.I�Wf�]JK0AEWB�<70-CD: B�Qe0A,/0AE : *1?AE/0@Qe0@*[,/=U: *R,/.10&�-4�E/47ª\N16 BP254�E/0@=X,;F16 4�, 8�0AE/0VQGN1?W.e6 498�0AE ,/.OB�*k: *,/.103�iN16 B�=>0A8 B 254�E/0@=X,^F16 4�,g8;: ,/.PJ7B�6 N10@=i4�21�\f �7�7�D~Y>V�\f �7�K©7�SQ j\E)698U~�*Cl �9�K�I254�Ei,/.10^8�0A,S=>09B�=>47*B�*OCZ�\f �7�K�\~Y>V�\f �7�O+[�UQ j\E 698 ~�*Cl��9�K�S254�EU,/.10;C\E>jG=>09B�=>47*e4�2��9�7�7�\f3��.1: =3E/0@=>N16 ,/09CG: *RBVQe09B�*B�*1*\NOB�6 FDE/0ALM?AjD?@6 47*10�: *1?AE/0@Qe0@*[,e4�2-�\f �7�;1D~Y>V�\f �7�7�K�RQ j\E)698@fvT&4�: *1?AE/09B�=>0%~5L+�\f �7�\�=>V�\f �7�K©Qzj\E)698W�;8 B�=-47H1=>0AE/JK09C"HI0A,+8�0@0@* 'KB�*\NOB(E>j��9�7�\�RB�*OC��\0@FD,/0@QGHI0AE��9�7�\�7` bMc5d9c B(2 ,/0AEP?AjD?@6 47*10�\: *OB\`U: *OCD: ?9B(,/: *1<",/.OB(,eB�*[j�H1: 47QRB�=>=GFDE/4\CDN1?A,/: 47*�8 B�=RB�?@?@47N1*[,/09C%254�EeH[j%E/0@<70@*10AEWB(,/: 47*«4�2*10@09CD6 0@=VEWB(,/.10AE-,/.OB�*"8�4[4\C�FDE/4\CDN1?A,/: 47*gf0I&498�0@JK0AE9`iFI47=X,>LM?AjD?@6 47*10ZQe09B�*�B�*1*\NOB�63CD: B�Qe0A,/0AE: *1?AE/0@Qe0@*[,/=V~�*Cl��\�(��4�2��\f �7�K©GQ j\E)698]B�*OCk�\f �7�7�eQ j\E)698�254�EP�9�7�\��B�*OC"�9�7�K��E/0@=>FI0@?A,/: JK0@6 j8�0AE/0-47H1=>0AE/JK09C�: *YBG*109B(E/H[jkFI0AE/QRB�*10@*[, =/B�QeF16 0-F16 4�,�~�FI0AE/=@f1?@47QeQYfB.&E9f�'Df I�f �Pf�I&0@N1?W.I�Wf��.10�B9JK0AEWB�<70�CD: B�Qe0A,/0AES: *1?AE/0@Qe0@*[,i: *P�-4�E/47QRB�*1:7254�E/0@=X,S8 B�=S=>: Qe: 6 B(ES,/4;,/.OB(,S: *P�-4�E/47ª\N16 B254�E/0@=X,]B(,;�\f �\�9�D~Y>V�\f �7�O+[�;Q j\E)698V~�*Cl �(©7�3254�E ,/.10;8�0A,;=>09B�=>47*YB�*OCk�\f �7�K�\~Y>V�\f �7�O+[� Q j\E)63�~�*Cl �(©7�U254�E;,/.10PC\E>jR=>09B�=>47*_4�2��9�7�7�\`OE/0@=>N16 ,/: *1<Z: *_BGQe09B�*�B�*1*\NOB�6gFDE/0ALM?AjD?@6 47*10V: *1?AE/0@Qe0@*[,4�2;�\f �7�7�D~Y>V�\f �7�7�K��Q�j\E)698@fk�]=P: *%�-4�E/47ª\N16 Bk254�E/0@=X,9`S,>E/0@0RCD: B�Qe0A,/0AE/=-=>.1498�09C�*14Y: *1?AE/09B�=>0~5L+�\f �7�\�=>V�\f �7�K�RQ j\E)698W� HI0A,+8�0@0@* 'KB�*\NOB(E>j��9�7�\�ZB�*OC��\0@FD,/0@QGHI0AEP�9�7�\�7`gB�6 ,/.147N1<7.�BeFI47=X,>L?AjD?@6 47*103B�*1*\NOB�6KCD: B�Qe0A,/0AEi: *1?AE/0@Qe0@*[,g4�21�\f �7�K© Q j\E 698 ~�*Cl����K�I8 B�=SB�<KB�: *-2547N1*OCV: *PB *109B(E/H[jFI0AE/QRB�*10@*[,&=/B�QeF16 0GF16 4�,-4�2�}^�3� ~�FI0AE/=@fa?@47QeQYf�.&E9f 'Df I�f �Pf I&0@N1?W.I�WfP�\N1?W._E/09CDN1?A,/: 47*1=V: *CD: B�Qe0A,/0AE]: *1?AE/0@Qe0@*[,;.OB9JK0-B�6 =>4RHI0@0@*�47H1=>0AE/JK09Ck,/4e4[?@?@NDE&B(2 ,/0AE&FDE/N1*1: *1<Y~M©��)(D���W: 4�2�6 : J\: *1<?AE/498;*�E/0@Qe4(JK09CO�3: *_B�*71(L�j[09B(E>LM476 C_� b5�1 \��¢D¦��� D¤ ¦ 254�E/0@=X,&: *"�YB�6 B@8;:U~��&CD6 B(EWCa`g�9�7�7�K�Wf��.10P: *1?AE/09B�=>0@=]: *�,>E/0@0-.10@: <7.[,;250@6 6i8;: ,/.1: *�,/.10-0AE>E/4�E]4�2�Qe09B�=>NDE/0@Qe0@*[,/=;CDNDE/: *1<G,/.10&�1E/=X,=>: 3�Qe47*[,/.1=V4�2V�9�7�7�\`S8;.10AE/09B�=�?AjD?@6 47*10eC1B�QRB�<70GE/0@=>N16 ,/09C�: *�B�*%B9JK0AEWB�<70RCD0@?AE/09B�=>0e: *�,>E/0@0.10@: <7.[, 4�2^�\f �\~Y>��7f ©7�UQ	B�*OC_�7f �D~Y>��7f �K��Q : *k�-4�E/47ª\N16 B�B�*OCR�-4�E/47QRB�*1:O254�E/0@=X, E/0@=>FI0@?A,/: JK0@6 j[f
����������� ����	���� � ����	���������	��

�SB�H16 0e�7�7f �GFDE/4(J\: CD0@=]: *D254�E/QRB(,/: 47*_47*Y,/.10PCD: B�Qe0A,/0AE9`O.10@: <7.[,9`I?AE/498;*"CD: B�Qe0A,/0AE/=&B�*OCY?AE/498;*CD0@FD,/.Y4�23,>E/0@0@=&: *"�iN16 B�=>0A8 B\`g�-4�E/47ª\N16 BRB�*OCY�-4�E/47QRB�*1:i254�E/0@=X,/=-B�=&Qe09B�=>NDE/09C_B(,&,/.10P=X,WB(E>,B�*OC�0@*OC�4�2I,/.10�FDE/0@=>0@*[,�=X,/NOC\j[f���09B�*eB�*1*\NOB�61CD: B�Qe0A,/0AE�: *1?AE/0@Qe0@*[,/= ~M�Y�])>�SCD0@?AE/09B�=>09C�8;: ,/.B�<70G2 E/47Q �\f �K���kQzj[09B(E)698-: *��iN16 B�=>0A8 BR254�E/0@=X,-,/4��\f �\�9��Qzj\E)698V: *��-4�E/47ª\N16 Be254�E/0@=X,�B�*OC�\f �\�*+eQ	j[09B(E)698;: *��-4�E/47QRB�*1:a254�E/0@=X,9f��U4�E>E/0@=>FI47*OCD: *1<e.10@: <7.[,;: *1?AE/0@Qe0@*[,/=;CD0@?AE/09B�=>09Ck2 E/47Q�7f �7�_Q�j[09B(E)698�: *��iN16 B�=>0A8 BY254�E/0@=X,�,/4%�7f �O+"Q�j[09B(E)698GB�*OC«�7f �(��Q j[09B(E)698P: *��-4�E/47ª\N16 BB�*OCk�-4�E/47QRB�*1:a254�E/0@=X,]E/0@=>FI0@?A,/: JK0@6 j[f�3E/498;*�CD0@FD,/.Y: *1?AE/09B�=>09C_47*16 jY=>6 : <7.[,/6 j_B(2 ,/0AEV?9B�*147F[j�?@6 47=>NDE/0P2 E/47Q��\f ��Q : *"�iN16 B�=>0A8 B254�E/0@=X,Z,/4%�7�7f ��Q : *��-4�E/47QRB�*1:3254�E/0@=X,9f%�]=G=>N1?W.%,/.10R6 : J\: *1<"?AE/498;*�HOB�=>0k6 0@JK0@6U: *1?AE/09B�=>09C2 E/47Q�B�*�B9JK0AEWB�<70Z�[f ©eQzB�HI4(JK0P,/.10P=>47: 6^=>NDE>2�B�?@0GB(,-B�<70G�Z,/4kB�*�B9JK0AEWB�<70G�\f +kQzB�HI4(JK0-,/.10=>47: 63=>NDE>2�B�?@0RB(,GB�<70��(©[fk��.10Z?AE/498;*1=P4�2�,/.10�,>E/0@0@=P: *%�iN16 B�=>0A8 Bk254�E/0@=X,P8�0AE/0e=XjDQeQe0A,>E/: ?9B�6B�*OCZ<70@*10AEWB�6 6 jkCD: CZ*14�,�: *[,/0AE/6 4[?WªeB�6 ,/.147N1<7.R: *e=>47Qe0]F16 B�?@0@=U4(JK0AE/6 B�FR: *e25476 : B�<70V4[?@?@NDE>E/09Caf�)+*�-4�E/47ª\N16 BP254�E/0@=X,;,>E/0@0V?AE/498;*1= 8�0AE/0V: *[,/0AE/6 4[?WªK09C�B�*OCe,/.10VN1*109h[NOB�6O,>E/0@0V=>FOB�?@: *1<�E/0@=>N16 ,/09Ck: *B�=XjDQeQe0A,>E/: ?9B�6[?AE/498;*G=>.OB�FI0@=�B�=^: *OCD: ?9B(,/09C�H[j-,/.10U?AE/498;*ZCD: B�Qe0A,/0AE/=S8;.1: ?W.P8�0AE/0 47*GB9JK0AEWB�<70�\f 1eQz6 B(E/<70AEVHI0A,+8�0@0@*_F16 B�*[,/: *1<eE/498;=],/.OB�*Y8;: ,/.1: *_,/.10@QYf;��.10-,>E/0@0�?AE/498;*1=&: *_�-4�E/47QRB�*1:254�E/0@=X,]8�0AE/0PB�<KB�: *_=XjDQeQe0A,>E/: ?9B�6gB�*OC�: *[,/0AE/6 4[?WªK09C�: *k,/.10-HI0A,>,/0AE]=X,/4[?WªK09C�B(E/09B�=]4�2^,/.10-F16 4�,9f
I&498�0@JK0AE9`iB�=XjDQeQe0A,>E/: ?9B�6^?AE/498;*1=&8�0AE/0Z47H1=>0AE/JK09C"47*",>E/0@0@=PB�6 47*1<k,/.10�09CD<70@=-4�2�=>QRB�6 6^<KB�F1=8;.10AE/0V,>E/0@0@=;.OB7CkHI0@0@*�E/0@Qe4(JK09CRH[jk?AjD?@6 47*10@=@f�U.OB�*1<70@=�: *P,/.10�CD: =X,>E/: H1ND,/: 47*�4�2 ���
	����`�,>E/0@0�.10@: <7.[,9`7?AE/498;*GCD: B�Qe0A,/0AE�B�*OCP?AE/498;*ZCD0@FD,/.4(JK0AES,/.10�FI0AE/: 4\C�4�2IB;E/4�,WB(,/: 47*eB(E/0�=>.1498;*G: *Z}S: <7NDE/0@=��7�7f �7�N(�.GfK��.10U2 E/09h[N10@*1?Aj�CD: =X,>E/: H1ND,/: 47*?@NDE/JK0@=V4�2 ���
	����~�}S: <7NDE/0Y�7�7f �7�V�VB�F1FDE/4KB�?W.109C�*14�E/QRB�63CD: =X,>E/: H1ND,/: 47*1=-4�2�8;.1: ?W.",/.10ZQe09B�*: *1?AE/09B�=>0@=V8;: ,/.�,/.10ZB�<70Z4�2U,/.10P254�E/0@=X,9fZ��.10ZJ7B(E/: B(,/: 47*%B(E/47N1*OC_,/.10�Qe09B�*"E/0@QRB�: *109CY2�B�: E/6 j?@47*1=X,WB�*[,&CDNDE/: *1<�,/.10-CD0@JK0@6 47F1Qe0@*[, 4�2^,/.10VF16 B�*[,WB(,/: 47*gf)+*�254�E/0@=X,/=�*14�,GB=Da0@?A,/09C�H[j�?AjD?@6 47*10@=P,/.10e=>.OB�FI0e4�2 ,/.10Z,>E/0@0e.10@: <7.[,P2 E/09h[N10@*1?Aj�CD: =X,>E/: LH1ND,/: 47*�?@NDE/JK0@=R~�}S: <7NDE/0"�7�7f �;E ��=>.147N16 C%HI0R=>: Qe: 6 B(EG,/4Y,/.OB(,G4�2;,/.10 ���
	����f�)+*�,/.10R=X,/NOC\j



--� ��� ����
�
H����� � &!��
 � � ��������� ����
���"\� � "O�N�  # !

�	��
� �   ��  �� �QS�%���$70Y%('6$�"G�R'(�&$�"G��$����Z��%�S��!$�� �!��"'R�+>6���!$�?R%��&%��<fa1%�� 0213�!fI������- " ��% DG�N1
$�"G�#������- " ���!$�?R%��&%�� ) ?Q;#�+>I���4"��3'O�<$��(�!K<$�%<$R� ��%<%('*�4" �N1% �C�CF $2'7%�-/$2f�� ������5��CF $#$�"G�
� ������?R$�"��>�����%('(�:DGF ���!'7c

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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                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
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nERER-squaredSEbSEaDependent variable

6171.1560.7610.01650.72951.027648.2787Sound trees
8111.1950.6340.01820.68321.029643.5496All trees
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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
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� -/�U��$��&$ '7%��!'7c

�	��
� �   �� �C���A�!��?R$2'<'O��$��&$R�<��F4F %<���&%<�RK�,Ze F $�%('7��" ������� c ) ����� ��; �4"^�N1% >�����%('(�!'=�+>Q�N1%
`a� b(�����4"G% ea��?6?6�@'<'(�!��"Gc ��"G% '(?R$�F4F/� ��%<%U��?6?6�4�&%<�X$2'R�4�!'J1%�� 0213� )���c �X?Q;X���!�^"G���
�<���(��%(' D���"G� - �4�N1 �4�!'#���!$�?R%��&%��#$��*K���%<$2'(�A1%�� 0213�J)���c � � ��?Q;�c��QF4F -/%�� 0213�!'U%��(DG��%('<'7%<�
$2'J��S�%�"�B ���(, ) ����
���eW;R-/%�� 0213�!'7c

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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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
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+ Claeson et al (1984)
* Present study
  Predicted biomass
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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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IVB(E/JK0@=X,WB�H16 0 8�4[4\CeFDE/4\CDN1?A,/: 47*RB�?@?@47N1*[,/09CZ254�EN1O+�:nB�*OC01K�;: 4�2a,/.10&���])^: *e�-4�E/47ª\N16 BPB�*OC�-4�E/47QRB�*1:I254�E/0@=X,/=;E/0@=>FI0@?A,/: JK0@6 j[f
� ���������� �	��
� ��	����������

T&4�B(,>,/0@QeFD,]8 B�=-QRB7CD0P,/4�Qe09B�=>NDE/0�H1: 47QRB�=>=-4�23,/.10G6 : J\: *1<�N1*OCD0AE/<�E/498 ,/.�CD: E/0@?A,/6 j": *��iNDL6 B�=>0A8 BY254�E/0@=X,ZCDN10G,/4_: ,/=P6 B(E/<70k=>09B�=>47*OB�6�J7B(E/: B(,/: 47* ~�<�EWB�=>=W�Wf7I&498�0@JK0AE9`�B�E/47N1<7.%0@=X,/: QRB(,/08 B�=-47HD,WB�: *109C�H[j"QGN16 ,/: F16 jD: *1<R,/.10ZB�Qe47N1*[,-4�2 N1*OCD0AE/<�E/498 ,/.�6 : ,>,/0AE�FDE/0@=>0@*[,-47*�,/.10G254�E/0@=X,
,O4[4�E�: *�,/.10e�iN16 B�=>0A8 BY254�E/0@=X,�F16 4�,k~M�\0@?A,/: 47*v�(�[f ©7�V,/: Qe0@=V,/.10ZQe09B�*�EWB(,/: 4%~X�7f ���K�-4�2 <�EWB�=>=H1: 47QRB�=>=�,/4P<�EWB�=>=�6 : ,>,/0AE�=X,WB�*OCD: *1<P?AE/47FkB(,3,/.10;TVB�HI47NR<�EWB�=>=>6 B�*OCR=>: ,/0]<�EWB�=>=>6 B�*OC"~X�7f ���\`O�YB@j�9�7�\�(� B�*OCR: *��-4�E/47QRB�*1:I254�E/0@=X,�~X�7f ���\`a�YB@j"�9�7�\�(�WfU��.1: = E/0@=>N16 ,/09Ck: *YB�*�0@=X,/: QRB(,/09CRN1*OCD0AE>L<�E/498 ,/.GH1: 47QRB�=>=^4�2�17�7�7�&ª\<].OBB6989`�8;.1: ?W.G: =^?@47QeFOB(EWB�H16 03,/4],/.OB(,^47H1=>0AE/JK09C�: *P,/.10U<�EWB�=>=>6 B�*OC~M�\0@?A,/: 47*��9�\f �K�Wf��.10ZN1*OCD0AE/<�E/498 ,/.�H1: 47QRB�=>=-4�2 �-4�E/47ª\N16 BR254�E/0@=X,P8 B�=-0@=X,/: QRB(,/09C": *%Bk=>: Qe: 6 B(E-2�B�=>.1: 47*g`E/0@=>N16 ,/: *1<V: *ZB]6 498vJ7B�6 N10�4�2S�(©7©��Vª\<&.OB 698 f^��.1: =�J7B�6 N10�QRB@jPHI0 ?9B�N1=>09C�H[j-,/.10�6 498 B�Qe47N1*[,/=4�2�6 : <7.[,]FI0@*10A,>EWB(,/: *1<Z,/.10V254�E/0@=X,9`aB�=]: *OCD: ?9B(,/09C�H[jR,/.10-6 498�?9B�*147F[j�<KB�FY2 EWB�?A,/: 47*1=&47HD,WB�: *109C09B(E/6 : 0AE]254�E;,/.1: = 254�E/0@=X,G~M�\0@?A,/: 47*��7�7f �\f �K�Wf��.10UN1*OCD0AE/<�E/498 ,/.PH1: 47QRB�=>=S: *-,/.103�-4�E/47QRB�*1:K254�E/0@=X,^F16 4�,S8 B�=SQe09B�=>NDE/09CPB�*OCPB�Qe47N1*[,/09C,/4V�K���7�D~Y>-���7�K�^ª\<&.OB 698 `74�2O8;.1: ?W.Z=>47Qe0�+K�W: ?@47*1=>: =X,/09CG4�2I*147*DLM=>09B�=>47*OB�61=>?AE/N1H1= ~ d9c � fK� �/bF^;X



���D¬ �������	��
���--��� &!��
 � � � "O&��@�	��� ����� � �!����"#
��$�%��&!�$��
��$�

�	��
� �   �� ¬� �QS�%���$70Y%Z"��C� �(�!%�"��=�<��"G�<%�"�� ��$�� �!��"' $�"G� '(�&$�"G��$���� ��%�S��!$�� �!��"' ) VCMA; �4"
S�$��(�!���3'6� ��%<% �<��?ID���"G%�"��!'J�4" �C�CF $2'7%�-/$.>�����%('(�&cZea��"G�<%�"�� ��$�� �!��"' �+>J?R$�������"��C� �(�!%�"��!'
$���%O�4"�� $�"G�#�N1�2'7%6�+>=?6�!������"��C� �(�!%�"��!'O$���%O�4"RD�DG?Rc

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

b5 \¡ �� 1¦��9¦ j ¦ `^�7�W:Z�VB�*OC"j[47N1*1<R,>E/0@0@=e~ d9c � f�� £�¡G¡Rd\[W�A£��1b�¦�d>§W¨[b5�I¦��M¦ `3�;:Z�Wf�]EWB�=>=>0@=k~ d9c � f� dW�1�1b5�@dW�� \¡z¢D£7¤ ¥��/�M¦K§W¨[¥K£�� ��B�?@?@47N1*[,/09C�254�EG47*16 j%�K�;:R`�: *OCD: ?9B(,/: *1<Y,/.OB(,-,/.10eN1*OCD0AE/<�E/498 ,/.?@47QeFI47=>: ,/: 47*Y.OB7Ck?W.OB�*1<709C�?@47*1=>: CD0AEWB�H16 jYCDNDE/: *1<eB�E/4�,WB(,/: 47*gf)+*1?AE/09B�=>09C-6 : ,>,/0AE^FDE/4\CDN1?A,/: 47*-H[j&,/.103N1*OCD0AE/<�E/498 ,/.PB(2 ,/0AES,/.10�?AjD?@6 47*1030@JK0@*[,i: *PT&4(JK0@QGHI0AE�9�7�7��~M�\0@?A,/: 47* �(�[f �\f �(��: *%,/.10k�iN16 B�=>0A8 B"B�*OC%�-4�E/47ª\N16 B�254�E/0@=X,eF16 4�,/=�=>N1<7<70@=X,/09C%,/.OB(,P,/.10: QeFDE/4(JK09C�6 : <7.[,�?@47*OCD: ,/: 47*1=R8;: ,/.1: *v,/.10Y=X,WB�*OCD=�~M�\0@?A,/: 47*��7�7f �\f �K�R?9B�N1=>09C B�* : *1?AE/09B�=>0": *FDE/4\CDN1?A,/: J\: ,+j�4�2&,/.10YN1*OCD0AE/<�E/498 ,/.gf T&4�=>N1?W.«: *1?AE/09B�=>0Y8 B�=R47H1=>0AE/JK09C«: *«,/.10��-4�E/47QRB�*1:254�E/0@=X,&F16 4�,9f
����������� � � ��	  � 	 � � ��	�� � 	 ��	
� �
���	 � ��� �  	�� �
	�����

�]JK0AEWB�<70-*\ND,>E/: 0@*[,]?@47*1?@0@*[,>EWB(,/: 47*1=&B�*OC�=X,WB�*OC1B(EWCYCD0@J\: B(,/: 47*1=�~�*Cln©7�U254�E],>E/0@0P?@47QeFI47*10@*[,/=B�*OC_8;.1476 0Z,>E/0@0@=-: *%�iN16 B�=>0A8 BYB�*OC"�-4�E/47ª\N16 BR254�E/0@=X,/=�B(E/0e<7: JK0@*�: *%�SB�H16 0@=Z�7�7f 1YB�*OC��7�7f �E/0@=>FI0@?A,/: JK0@6 j[f EU0@?9B�N1=>0-,/.10AE/0V8�0AE/0P*14Z=>: <7*1: �O?9B�*[,&CD: Da0AE/0@*1?@0@=P~��:l �\f �K©7� HI0A,+8�0@0@*Y?@47*1?@0@*DL,>EWB(,/: 47*1=V: *_,/.10�?@47QeFI47*10@*[,/=&4�23,>E/0@0@=&=/B�QeF16 09C_: *_,/.10��-4�E/47QRB�*1:i254�E/0@=X,PF16 4�,Z~�*Cl �K�]B�*OC: *Y,/.10G�&6 0@476 0@<KBR?9B(,/?W.1Qe0@*[,�~�*Cl �7��,/.10�C1B(,WBZ8�0AE/0�FI4[476 09C"B�*OC�,/.10-E/0@=>N16 ,/=VB(E/0�=>.1498;*_: *�SB�H16 0P�7�7f �9�\f���.10AE/0;8 B�=�?@47*1=>: CD0AEWB�H16 0VJ7B(E/: B(,/: 47*R: *R*\ND,>E/: 0@*[,U?@47*1?@0@*[,>EWB(,/: 47*1=�HI0A,+8�0@0@*e,>E/0@0?@47QeFI47*10@*[,/=@f3�U47*1?@0@*[,>EWB(,/: 47*1=�4�2iT�`\��B�*OCe� <70@*10AEWB�6 6 jk: *1?AE/09B�=>09CR: *e,/.10;25476 6 498;: *1<Z4�EWCD0AE)A=X,/0@Q�8�4[4\Ca`DCD09B7CeHDEWB�*1?W.10@=@`\CD09B7CZ,+8;: <7= �v6 : JK0]HDEWB�*1?W.10@=@`\HOB(E/ª � CD09B7Ce*10@09CD6 0@=@`\6 : JK0;,+8;: <7=
� 6 : JK0G*10@09CD6 0@=@`g8;.10AE/09B�=-,/.10�?@47*1?@0@*[,>EWB(,/: 47*1=-4�2]��B�B�*OC���<�=>.1498�09C�B�CD: Da0AE/0@*[,-FOB(,>,/0AE/*B�*OC%: *1?AE/09B�=>09C�: *%,/.10R4�EWCD0AEZ=X,/0@Q�8�4[4\Ca`�HOB(E/ª �	CD09B7C%HDEWB�*1?W.10@=@`36 : JK0RHDEWB�*1?W.10@= �	CD09B7C,+8;: <7=@`O6 : JK0V,+8;: <7=��t6 : JK0-*10@09CD6 0@=�� CD09B7C�*10@09CD6 0@=@f|�JK0@*P8;: ,/.1: *GB�*P0@JK0@*DL+B�<709CP=X,WB�*OC-?@47*1=>: CD0AEWB�H16 0�J7B(E/: B(,/: 47*�8 B�=^47H1=>0AE/JK09C-: *P,/.103*\ND,>E/: 0@*[,?@47*1?@0@*[,>EWB(,/: 47*1=34�2iB�6 61?@47QeFI47*10@*[,/=@f���.10;6 B(E/<70@=X,�J7B(E/: B(,/: 47*1=�8�0AE/0;<70@*10AEWB�6 6 je47H1=>0AE/JK09C�254�E �B�*OCZ�Zf\�\N1?W.ZJ7B(E/: B(,/: 47*1=U: *e*\ND,>E/: 0@*[,3?@47*1?@0@*[,>EWB(,/: 47*1=�8�0AE/0&B�6 =>4P47H1=>0AE/JK09CG8;: ,/.1: *R0@JK0@*DL+B�<709C� b5�1 \��¢D¦��� D¤ ¦ =X,WB�*OCD=;: *Y�SB�*�<9B�*1: BY~��gN1*OCD<�E/0@*g`a�9�K�O1K�Wf
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� �   �� #���QS�%���$70Y% "��C� �(�!%�"��=�<��"G�<%�"�� ��$�� �!��"' $�"G� '(�&$�"G��$���� ��%�S��!$�� �!��"' ) VCMA; �4"
S�$��(�!���3'�� ��%<%��<��?ID���"G%�"��!'��4" �N1% � ������5��CF $ >�����%('(�3DGF ���&c=ea��"G�<%�"�� ��$�� �!��"'��+>/?R$�������"��CB
� �(�!%�"��!'O$���%O�4"�� $�"G�R�N1�2'7% �+>.?6�!������"��C� �(�!%�"��!'O$���%J�4" D�DG?Rc

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

�	��
� �   ��  ��� �QS�%���$70Y% "��C� �(�!%�"��I�<��"G�<%�"�� ��$�� �!��"'R$�"G�U'(�&$�"G��$����^��%�S��!$�� �!��"'^) VCMA;U�4"
S�$��(�!���3'=� ��%<%J�<��?ID���"G%�"��!'=�4"X�N1% � ������?R$�"��>�����%('(�LDGF ���A$�"G�R�4"X�N1% ��F %<��F % 0Y$Z�<$��&�<13B
?R%�"��&cUea��"G�<%�"�� ��$�� �!��"'R�+>J?R$�������"��C� �(�!%�"��!'6$���%6�4" � $�"G�Z�N1�2'7%#�+>O?6�!������"��C� �(�!%�"��!'
$���%O�4"RD�DG?Rc

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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}1476 : B(E_*\ND,>E/: 0@*[,k6 0@JK0@6 =�J7B(E/: 09Cv8;: ,/.tFI47=>: ,/: 47*t: * ,/.10"?AE/498;*gf	�U47*1?@0@*[,>EWB(,/: 47*1=�4�2�T�`�S`g� B�*OC GI*�: *1?AE/09B�=>09C�8;: ,/.�.10@: <7.[,�B�*OC"8�0AE/0e6 498�0@=X,�: *%CD09B7C�*10@09CD6 0@=@`S: *OCD: ?9B(,/: *1<�,/.OB(,E/0A,>EWB�*1=>6 4[?9B(,/: 47*R4�2O,/.10@=>0 *\ND,>E/: 0@*[,/=^: *[,/4V6 : J\: *1<&,/: =>=>N10 QRB@jP4[?@?@NDE3FDE/: 4�E3,/4VB�H1=>?@: =>=>: 47*gf��U47*DL?@0@*[,>EWB(,/: 47*1=�4�2^��B\`1��<D`�EvB�*OCk��*kCD0@?AE/09B�=>09Ce8;: ,/.R.10@: <7.[,V~�*10@09CD6 0&B�<70(�UB�*OCZ8�0AE/0&.1: <7.10@=X,: *_CD09B7CR25476 : B�<70�: *OCD: ?9B(,/: *1<RB�?@?@N1QGN16 B(,/: 47*�4�2^,/.10@=>0-*\ND,>E/: 0@*[,/= : *Y6 : ,>,/0AE>2�B�6 6�f;��: ?AE/47*\ND,>E/: 0@*[,/=8�0AE/0�*14�,-B�*OB�6 j-<@09C_: *_8�4[4\C\j_?@47QeFI47*10@*[,/=&B�*OCY0@=X,/: QRB(,/0@=&4�23,/.10�B�Qe47N1*[,&4�23Qe: ?AE/47*\ND,>E/: L0@*[,/=;: *_=X,/0@Q H1: 47QRB�=>=;8�0AE/0-,/.10AE/0A254�E/0�QRB7CD0-N1=>: *1<Z,/.10PB9JK0AEWB�<70�?@47*1?@0@*[,>EWB(,/: 47*1=]4�2 E]`a��*B�*OC7GI*�47H1=>0AE/JK09C�: *��(�G=X,/0@Qe= =/B�QeF16 09Ck: *�,/.10P�&6 0@476 0@<KBeC\EWB�: *OB�<70PHOB�=>: *%~��SB�H16 0Z�(©[f �7�Wf�\: <7*1: �O?9B�*1?@0R6 0@JK0@6 =P254�E�,/.10kCD: Da0AE/0@*1?@0@=P: *�B9JK0AEWB�<70R*\ND,>E/: 0@*[,P?@47*1?@0@*[,>EWB(,/: 47*1=�HI0A,+8�0@0@*=>: ,/0@=;B(E/0&=>.1498;*k: *��SB�H16 0G�7�7f �7�7f �\: <7*1: �O?9B�*[, CD: Da0AE/0@*1?@0@= HI0A,+8�0@0@*e,/.10&=>: ,/0@=�8�0AE/0&47H1=>0AE/JK09C254�E]B�6 6a*\ND,>E/: 0@*[,/=U043D?@0@FD,�GI*"~�: *R25476 : B�<70P47*16 jO�Wf3|�<7N1*O?X47H1:aB�*OC E�B7C1Bk~X�9�K���K�U47H1=>0AE/JK09CR6 : ,>,/6 0J7B(E/: B(,/: 47*�: *%*\ND,>E/: 0@*[,-?@47*1?@0@*[,>EWB(,/: 47*1=�: *�� b5�1 \�R§/¦O[Wb��/¦[d>¦ ,>E/0@0R?@47QeFI47*10@*[,/=-HI0A,+8�0@0@*�,+8�4=X,WB�*OCD=]4�2�B�<70G�RB�*OC��9�eF16 B�*[,/09CY47*"=>47: 6 =&8;: ,/."=>: Qe: 6 B(EV?W.10@Qe: ?9B�6i?W.OB(EWB�?A,/0AE/: =X,/: ?@=-: *_T&: <70ALE/: B\fk��.1: =P=>N1<7<70@=X,/=P,/.OB(,-,/.10ZFDE/0@=>0@*[,/6 j�47H1=>0AE/JK09C�CD: Da0AE/0@*1?@0@=P: *�*\ND,>E/: 0@*[,-?@47*1?@0@*[,>EWB(,/: 47*1=HI0A,+8�0@0@*�,/.10Z=>: ,/0@=�QRB@j�HI0ZE/0@6 B(,/09C�,/4"CD: Da0AE/0@*1?@0@=P: *%=>47: 6 =�EWB(,/.10AEP,/.OB�*�,/4Y?W.OB�*1<70@=P8;: ,/.254�E/0@=X,ZB�<707f���.10AE/0A254�E/07`3B�*�B(,>,/0@QeFD,-: =�QRB7CD0G: *��\0@?A,/: 47* �7�7f ©[f �Y,/4kE/0@6 B(,/0kCD: Da0AE/0@*1?@0@=P: **\ND,>E/: 0@*[,]?@47*1?@0@*[,>EWB(,/: 47*1=&4�2^,>E/0@0P?@47QeFI47*10@*[,/=;,/4RCD: Da0AE/0@*1?@0@=]: *_=>47: 6S*\ND,>E/: 0@*[,]=X,WB(,/N1=@f]��.10: QeFOB�?A, 4�2^: *[,/0AE>LM=>: ,/0-CD: Da0AE/0@*1?@0@=;: *�*\ND,>E/: 0@*[, ?@47*1?@0@*[,>EWB(,/: 47*1=;: *k,/.10&QRB)?X4�E]*\ND,>E/: 0@*[,/=�=>: *1ª\=~�=>N1?W.�B�=P=X,/0@Q�8�4[4\C�B�*OC_25476 : B�<70(�P47*",/.10ZFDE/09CD: ?A,/: 47*�4�2 *\ND,>E/: 0@*[,PB�?@?@N1QGN16 B(,/: 47*�CDNDE/: *1<YBE/4�,WB(,/: 47*YFI0AE/: 4\C�8;: 6 6iHI0-CD: =>?@N1=>=>09C�: *"�\0@?A,/: 47*��7�7f ©[f +Df
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                           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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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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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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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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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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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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�<��"G�<%�"�� ��$�� �!��"' ��K��&$��4"G%<� >����Z� ��%<%('#�4"E�N1% ��F %<��F % 0Y$ ����$��4"G$70Y%XK<$2'(�4"Gc �Q?R���C"��!'#�4"
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            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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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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*Cl +D` � � l�� � �7� ~X�7�7f �K�
�\: Qe: 6 B(E/6 j[`K,/.10 25476 6 498;: *1<Z043DFDE/0@=>=>: 47*e8 B�=�47HD,WB�: *109CZ254�EU,/.10&B�?@?@N1QGN16 B(,/: 47*e4�2SB�HI4(JK0ALM<�E/47N1*OCF1: *10VH1: 47QRB�=>= 8;: ,/.Y=X,WB�*OCYB�<70;A

���Ql �;1\�9�D~Y>��(�O1K� � ��
*Cl +D` � � l�� � �7� ~X�7�7f +[�

8;.10AE/0Z,/.10GE/0@<�E/0@=>=>: 47*�?@47*1=X,WB�*[, �G8 B�=-254�E/?@09C�,/47<@0AE/4�,/4_B9JK47: C�Bk�O*1: ,/0ZF1: *10ZH1: 47QRB�=>=�B(,
<@0AE/4G254�E/0@=X,VB�<707f��,;,/.10P?@NDE>E/0@*[,]=>FOB�?@: *1<7=&4�2U�K�(�eQ 4�EV�[�(�eQ ?AE/498;*_: *[,/0AE/6 4[?Wª�4[?@?@NDE>E/09CY=>.14�E>,/6 j_B(2 ,/0AEB�<70;�]8;.10@*�,/.10325476 : B�<70]H1: 47QRB�=>=�FDE/4\CDN1?A,/: 47*G6 0@JK0@6 6 09C�4OD^f���.1: =�?@47: *1?@: CD09C�8;: ,/.ZB&?W.OB�*1<70�: *N1*OCD0AE/<�E/498 ,/.�H1: 47QRB�=>=@`78;.1: ?W.GCD0@?AE/09B�=>09C�2 E/47Q B�HI47ND,�17�7�7�&ª\<].OBB698S,/4��(©��7�)(\�7�7�7�-ª\<&.OBB698B(,3,/.10 0@*OCG4�2I,/.10�8�0A,U=>09B�=>47*g`DB�=�8�0@6 6IB�=�8;: ,/.RB&?W.OB�*1<70;: *Z,/.10 N1*OCD0AE/<�E/498 ,/.Z?@47QeFI47=>: ,/: 47*gf��.10�FDE/47FI4�E>,/: 47*Z4�2aQe: =>=>: 47*G<�EWB�=>=UCD0@?AE/09B�=>09C�2 E/47Qn�7�W:�4�2O,/.10U,/4�,WB�6D: *Z<�EWB�=>=>6 B�*OCG,/4V�K�;:�: *,/.10P�(©9L�j[09B(E>LM476 Ce254�E/0@=X,9`D8;.10AE/0&H1N1=>.10@= B�*OCZj[47N1*1<P*OB(,/: JK0],>E/0@0@=UE/09B�F1FI09B(E/09Caf3��.10VCD0@?AE/09B�=>0: * N1*OCD0AE/<�E/498 ,/. H1: 47QRB�=>=�QRB@j«: =�6 : ªK0@6 jv,/4�HI0_,/.10_E/0@=>N16 ,�4�2PE/09CDN1?@09C 6 : <7.[,�?@47*OCD: ,/: 47*1=HI0@6 498	,/.10R?@6 47=>09C�?9B�*147F[j ~M�\0@?A,/: 47* �7�7f �\f �K�W`U8;.10AE/09B�=G,/.10k?W.OB�*1<70k: *�?@47QeFI47=>: ,/: 47*�?@47N16 CHI0�B(,>,>E/: H1ND,/09CY,/4Z,/.10�FDE/4�,/0@?A,/: 47*"4�2�,/.10P254�E/0@=X,/=&2 E/47Q �1E/07`I8;.1: ?W."B�6 6 498�09C",/.10P=>NDE/J\: J7B�6i4�2=>0@09CD6 : *1<7=;8;.1: ?W.�8�47N16 Ck*14�E/QRB�6 6 jYCD: 0PCDNDE/: *1<�E/0@<7N16 B(E&H1NDE/*1=@f��.10U?W.OB�*1<70@=i: *-,/.10U�Y�])gB�*OCP���])a4�2\,/4�,WB�6[H1: 47QRB�=>=SB�*OC-=X,/0@Q�8�4[4\CV8;: ,/.-254�E/0@=X,�B�<70�B(E/0=>.1498;*Z: *e}S: <7NDE/0V�7�7f 17�P`K8;.10AE/09B�=^,/.147=>0 254�E�25476 : B�<70VB(E/0 =>.1498;*Z=>0@FOB(EWB(,/0@6 jZ: *Z}S: <7NDE/0-�7�7f 1;E]f��.10G�Y�])�4�2^,/4�,WB�6iH1: 47QRB�=>=&CD0@?AE/09B�=>09CY=>6 : <7.[,/6 j_B(2 ,/0AEVB�<70G�\`18;.1: ?W.YQRB@jkFOB(E>,/6 jYHI0PCDN10V,/4,/.10PCD0@?AE/09B�=>0�: *_=X,/4[?Wª\: *1<e: *Y,/.10-476 CD0AEV=X,WB�*OCD=�~ d9c �[c �-4�E/47QRB�*1:g254�E/0@=X,A��E/0@6 B(,/09CY,/4e?AjD?@6 47*10C1B�QRB�<707f$I&498�0@JK0AE9`i,/.10k�Y�])V4�2 =X,/0@Q�8�4[4\C%: *1?AE/09B�=>09C�2 E/47Q �\�)1;1_ª\<Y.OBB698�: *��iN16 B�=>0A8 B254�E/0@=X,;,/4Z�K�7�7�Gª\<G.OBB698 : *��-4�E/47QRB�*1:I254�E/0@=X,9`18;: ,/.YB�?@4�E>E/0@=>FI47*OCD: *1<eCD0@?AE/09B�=>0-: *k,/.10-�Y�])254�E&*10@09CD6 0@= 2 E/47Q �(©��7�eª\<Z.OBB698 ,/4k���7�Zª\<Z.OBB698@f��]=;=>N1?W.�,/.10AE/0-: =]BZ=>.1: 2 ,;,/498 B(EWCD=;8�4[4\CFDE/4\CDN1?A,/: 47*%47*1?@0Z,/.10e?AE/498;*�.OB�=PHI0@0@*�25N16 6 j�CD0@JK0@6 47FI09Caf���.10����])&254�E�,/4�,WB�6UH1: 47QRB�=>=P: *�iN16 B�=>0A8 B-254�E/0@=X,U8 B�=U=>47Qe0&���7�W:n.1: <7.10AE3,/.OB�*Z,/.10&�Y�])W`K: *OCD: ?9B(,/: *1<-,/.OB(,3,/.10�254�E/0@=X,;B(,�B�<70=>: 3e8 B�=�FDE/4\CDN1?@: *1<�H1: 47QRB�=>= B(, BPQGN1?W.e.1: <7.10AE�EWB(,/0],/.OB�*kCDNDE/: *1<-,/.10]FDE/0@J\: 47N1=Uj[09B(E/=@f3��.10���])U8 B�=&=>: Qe: 6 B(E],/4Z,/.10��Y�])U254�E&,/.10-476 CD0AE]254�E/0@=X,/=&=>N1<7<70@=X,/: *1<e,/.OB(,]H1: 47QRB�=>=]FDE/4\CDN1?A,/: 47*.OB7CGFI09B�ªK09CeB(,�B�<70&�V4�EU=>.14�E>,/6 jG,/.10AE/09B(2 ,/0AE9fU��.10;?@NDE>E/0@*[,3FDE/4\CDN1?A,/: J\: ,+jG4�2g�-4�E/47ª\N16 B&254�E/0@=X,~�B�<70&�7�(�g8 B�=^6 498�0AE^,/.OB�*P,/.OB(,^CDNDE/: *1<]FDE/0@J\: 47N1=Sj[09B(E/=^B�=S,/.10����])a8 B�=^6 498�0AE�,/.OB�*-,/.10 �Y�])W`8;.1: ?W.RQRB@jZHI0;E/0@6 B(,/09CZ,/4P,/.10 E/0@6 B(,/: JK0@6 jRFI4[4�E;h[NOB�6 : ,+jZ4�2g,/.10]=>47: 6aB(,�,/.1: =U=>: ,/0�~M�U.OB�FD,/0AEN+[�Wf
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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

� ?@47QeFOB(E/: =>47*�4�2;,/.10R,/4�,WB�6�H1: 47QRB�=>=@`U=X,/0@Q�8�4[4\C�H1: 47QRB�=>=ZB�*OC«�Y�])V254�EZ,/.10e254�E/0@=X,/=: *"}S: ?X:�B�*OC�,/.147=>0�4�2UF16 B�*[,WB(,/: 47*_254�E/0@=X,/=V: *"J7B(E/: 47N1=&4�,/.10AE],>E/47F1: ?9B�6^?@47N1*[,>E/: 0@=&: =&FDE/0@=>0@*[,/09C: *��SB�H16 0_�7�7f �9�\f .-B(,WBY47*�B�*1*\NOB�63EWB�: *D2�B�6 6�`U=X,/4[?Wª\: *1<D`�,>E/0@0kCD: B�Qe0A,/0AEZB�*OC�.10@: <7.[,�254�EG,/.10E/0@=>FI0@?A,/: JK0U254�E/0@=X,/=3.OB9JK0�B�6 E/09B7C\jGHI0@0@*GFDE/0@=>0@*[,/09CP: *e�SB�H16 0&�7�7f �)1\fU��.10UE/0@6 B(,/: 47*1=>.1: Fe4�2I=X,/0@QH1: 47QRB�=>=	j d\[W�/ \� 254�E/0@=X,UB�<70�: =^<7: JK0@*�: *G}S: <7NDE/0&�7�7f �\f3��.10�H1: 47QRB�=>=SFDE/4\CDN1?A,/: 47*�4�21,/.103254�E/0@=X,/=: *_}S: ?X:i8 B�=]?@47QeFOB(EWB�H16 0-,/4Z,/.147=>0P4�2^,/.10V254�E/0@=X,/=&0@6 =>0A8;.10AE/07`a: *Y=>F1: ,/0P4�2�,/.10VE/0@6 B(,/: JK0@6 jY6 498=X,/4[?Wª\: *1<Df3��.10]6 B(E/<70VJ7B(E/: B(,/: 47*k: *kB�*1*\NOB�61EWB�: *D2�B�6 6gB�Qe47N1*[,/=UB�*OCe=>47: 6 = HI0A,+8�0@0@*R=>: ,/0@=U,/.10AE/0AL254�E/0&=>0@0@Qe=U,/4�.OB9JK0]6 : ,>,/6 0&04Da0@?A, 47*kH1: 47QRB�=>=�FDE/4\CDN1?A,/: 47*gf�}14�E : *1=X,WB�*1?@07`\,/.10]FDE/4\CDN1?A,/: 47*k4�2,/.10;C\E>jZT&: <70AE/: B�*e254�E/0@=X,/=38 B�=�=>: Qe: 6 B(E3,/4-,/.147=>0;4�2a254�E/0@=X,/=�: *Z,/.10;Qe4�E/0;.\N1Qe: CGB(E/09B�=U4�2i}S: ?X:�`
E3EWBO<@: 6�B�*OC���N10AE>,/4Y�]: ?@4Dfk��.10eH1: 47QRB�=>=P4�2;BY�\f ©9L�j[09B(E>LM476 C�� b5�1 \�e§/¦O[Wb��/¦[d>¦ F16 B�*[,WB(,/: 47*%: *
'KB(E/:1}S6 4�E/0@=X,WB�6�`-E3EWBO<@: 6�`a~��]N1=>=>0@6 6�`1�9�;17�K�S8 B�=3043D?@0@FD,/: 47*OB�6 6 jG.1: <7.G8;.10@*Z?@47QeFOB(E/09CP,/4&,/.OB(,�4�2BV�(L�j[09B(E>LM476 CZF16 B�*[,WB(,/: 47*e4�2a=>: Qe: 6 B(E�=X,/4[?Wª\: *1<-: *G,/.10 =/B�Qe0]B(E/09BZ~M�U.1: ?X: 47ªK07`I�9�;17�K�Wf�I&498�0@JK0AE9`�]N1=>=>0@6 63~X�9�;17�K� 47HD,WB�: *109C�.1: =;J7B�6 N10&254�EVBGJK0AE>jk=>QRB�6 6gF16 4�,�~��\f �7�Z.OB\`O�\�-,>E/0@0@=W�W`D8;.1: ?W.YQRB@j.OB9JK0]B=Da0@?A,/09Ce,/.10;E/0@=>N16 ,;B�=U,/.10]=>FOB(,/: B�6IJ7B(E/: B(,/: 47*�: *RH1: 47QRB�=>=�QRB@jZ*14�,�.OB9JK0]HI0@0@*R?@4(JK0AE/09CB7CD09h[NOB(,/0@6 j[f
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�]=]: *OCD: ?9B(,/09CY09B(E/6 : 0AE9`I,/.10V2�B�6 =>0�,/: Qe0-=>0AE/: 0@=VB�F1FDE/4KB�?W._QRB@jYCD0@=>?AE/: HI0�B�?@?@N1QGN16 B(,/: 47*_4�2^,/.10H1: 47QRB�=>=�B�*OC�H1: 47QRB�=>=P*\ND,>E/: 0@*[,-?@47*[,/0@*[,�CDNDE/: *1<YBkE/4�,WB(,/: 47*�FI0AE/: 4\C%B�?@?@NDEWB(,/0@6 j[`SFDE/4(J\: CD09C,/.OB(,P,/.10RFDE/0ALMF16 B�*[,/: *1<Y=>47: 6�?@47*OCD: ,/: 47*1=@`UB�*OC�4�,/.10AEG0@*\J\: E/47*1Qe0@*[,WB�63?@: E/?@N1Qe=X,WB�*1?@0@=�B(,�,/.10J7B(E/: 47N1=]254�E/0@=X,/=VB(E/0�=>: Qe: 6 B(EZ~/IVB�=>0GB�*OC_} �476 =X,/0AE9`^�9�;1K� �9E3E/N1: ?X*�<@0@0@6�`^�9�;17�7BK�Wf-�]6 ,/.147N1<7.�,/.10=>47: 6 =Y: * ,/.10"<�EWB�=>=>6 B�*OC B�*OCv254�E/0@=X,_F16 4�,/=k8�0AE/0",+jDF1: ?9B�6]254�E�,/.147=>0�: * ,/.10"TVB�HI47N }14�E/0@=X,|�=X,WB(,/0-B(E/09B\`O=>: <7*1: �O?9B�*[,]CD: Da0AE/0@*1?@0@=�8�0AE/0V47H1=>0AE/JK09Ck: *R,/.10@: E;*\ND,>E/: 0@*[, =X,WB(,/N1=;B�*OCRF1.[jD=>: ?9B�6?W.OB(EWB�?A,/0AE/: =X,/: ?@=]~M�U.OB�FD,/0AE�+[�Wf���.1: =�8;: 6 6OB�6 Qe47=X,3?@0AE>,WB�: *16 jG.OB9JK0 B=Da0@?A,/09C�,/.10U254�E/0@=X,U*\ND,>E/: 0@*[,?@47*[,/0@*[,;~ §4i9c �\0@?A,/: 47*��7�7f ©[f �K�W`DB�*OCGFI47=>=>: H16 jZB�6 =>4V,/.10 H1: 47QRB�=>=3B�?@?@N1QGN16 B(,/: 47*g`7E/0@*OCD0AE/: *1<],/.102�B�6 =>0&,/: Qe0]=>0AE/: 0@=;B�F1FDE/4KB�?W.kQe4�E/0]4�E;6 0@=>=�: *\J7B�6 : Caf3��.10VB�F1FDE/4KB�?W.R8 B�=�25NDE>,/.10AE�?@47QeF16 : ?9B(,/09CH[j�,/.10P6 B(E/<70G=>FOB(,/: B�6^J7B(E/: B(,/: 47*": *"=X,/4[?Wª\: *1<D`gB�*OC�,/.10AE/0A254�E/0GH1: 47QRB�=>=@`I8;: ,/.1: *"476 CD0AEV=X,WB�*OCD=CDN10&,/4eCD: Da0AE/0@*1?@0@=;: *_C1B�QRB�<70VH[jk?AjD?@6 47*10@=@f�I&498�0@JK0AE9`D,/.1: =;QRB@jkHI0VJ\: 0A8�09CYB�= ,+jDF1: ?9B�6a254�E,/.10Z}S: ?X: B�*%=>: ,/NOB(,/: 47*%B�*OC�BRE/09CDN1?A,/: 47*�: *�H1: 47QRB�=>=-4(JK0AEV,/.10GFI0AE/: 4\C�4�2;BRE/4�,WB(,/: 47*%CDN10�,/4?AjD?@6 47*10PC1B�QRB�<70V?9B�*1*14�,]HI0PB9JK47: CD09Caf��.10�B�?@?@N1QGN16 B(,/: 47*�4�2&QRB�?AE/47*\ND,>E/: 0@*[,/=P8;: ,/.�: *1?AE/09B�=>: *1<"254�E/0@=X,RB�<70k: =G=>.1498;*�: *«}S: <�LNDE/0_�7�7f �9�\f��]=�: *OCD: ?9B(,/09C%09B(E/6 : 0AE9`�,/.10R*\ND,>E/: 0@*[,�N1FD,WB�ªK0e4�2&�iN16 B�=>0A8 BY254�E/0@=X,e: * �9�7�7�Y8 B�=.1: <7.10AER,/.OB�*«,/.10_Qe09B�* B�*1*\NOB�6]N1FD,WB�ªK07`�8;.10AE/09B�=R,/.10Y?@47*\JK0AE/=>0Y8 B�=R,>E/N10�254�Ek,/.10_476 CD0AE254�E/0@=X,/=@fU�]=�=>N1?W.R,/.10&QRB=3D: QGN1Q B�*1*\NOB�6I*\ND,>E/: 0@*[,�N1FD,WB�ªK0&4[?@?@NDE/= =>47Qe0A8;.10AE/0&HI0A,+8�0@0@*�B�<70�eB�*OC��7�7`I?@47: *1?@: CD: *1<e8;: ,/._,/.10PCD0@JK0@6 47F1Qe0@*[,]4�2^,/.10P?AE/498;*gf]�iB(E/<70�,ON1?A,/NOB(,/: 47*1=;8�0AE/0P47HDL=>0AE/JK09C"254�E�,/.10eB�?@?@N1QGN16 B(,/: 47*%4�2 �ZfS��.10@=>0RB(E/0RQe47=X,P6 : ªK0@6 j�,/4�HI0e?9B�N1=>09C�H[j�CD: Da0AE/0@*1?@0@=4�2�043D?W.OB�*1<709B�H16 0P� : *Y,/.10V=>47: 6 =G~M�U.OB�FD,/0AE +[�W`D8;.1: ?W.Y8 B�=]=>.1498;*�,/4RB=Da0@?A,]?@47*1?@0@*[,>EWB(,/: 47*1=4�2�,/.1: =-*\ND,>E/: 0@*[,-: *�=X,/0@Q�8�4[4\C�B�=-8�0@6 6UB�=P: *�25476 : B�<70�~M�\0@?A,/: 47*«�7�7f ©[f �K�Wf��]6 ,/.147N1<7.�,/.1: =-: 6 L6 N1=X,>EWB(,/09CY,/.10P6 : Qe: ,WB(,/: 47*1=&4�2�,/.10P2�B�6 =>0�,/: Qe0-=>0AE/: 0@=V: *"FDE/09CD: ?A,/: *1<Z,/.10�B�?@?@N1QGN16 B(,/: 47*"4�23�Z`HI0A,>,/0AEVE/0@=>N16 ,/=V8�0AE/0Z47HD,WB�: *109C"254�E-,/.10Z4�,/.10AE-QRB�?AE/47*\ND,>E/: 0@*[,/=&8;.1: ?W."8�0AE/0e6 0@=>=-: *-,ON10@*1?@09CH[jYCD: Da0AE/0@*1?@0@=]: *Y,/.10-=>: ,/0�h[NOB�6 : ,+j%~�}S: <7NDE/0e�7�7f �9�K�Wf]�SB�ª\: *1<e,/.10VE/0@=>FI0@?A,/: JK0-�O<7NDE/0@=&B(,]2�B�?@0J7B�6 N10P�iN16 B�=>0A8 BZ254�E/0@=X,&?@47*[,WB�: *109C_�[f �Y~M��<[��,/40+Df +_~��U�U,/: Qe0@= ,/.10PB�Qe47N1*[,;4�2�*\ND,>E/: 0@*[,/= : *<�EWB�=>=>6 B�*OC�JK0@<70A,WB(,/: 47*�B�*OC�6 : ,>,/0AE�B(,-,/.10Z0@*OC"4�2�,/.10G8�0A,P=>09B�=>47* ~��SB�H16 0Y�9�\f +[�WfR�;2 ,/0AE-,/.10?9B�*147F[j�.OB7C�HI0@0@*�25N16 6 j_CD0@JK0@6 47FI09C�*\ND,>E/: 0@*[,]N1FD,WB�ªK0-CD0@?AE/09B�=>09CY=>47Qe0A8;.OB(,VB�*OC��-4�E/47QRB�*1:254�E/0@=X,;?@47*[,WB�: *109C��\f �k~M��<[�3,/4G�\f ��~M��BK�3,/: Qe0@=U,/.10&B�Qe47N1*[,/=�FDE/0@=>0@*[, : *k<�EWB�=>=>6 B�*OC�H1: 47QRB�=>=
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0�����- �N1 ���C�(�4"30Z$R�����&$�� �!��"RD�%��(�!����c

�	��
� �   �� ������ �4"G%<$�����% 0���%('<'(�!��"U�<��"'(�&$�"��!'<fG'(�&$�"G��$����O%��(�����<'*)+K<%�� -/%<%�"UK���$��<5�%��!' ;=$�"G�
�<��%��E���!%�"��!'6�+>J��%��&%��(?6�4"G$�� �!��"R>����6%��(DG��%('<'(�!��"' ��%('7���(�!K��4"30Z�N1% �<1$�"30Y%('O�4" "��C� �(�!%�"��
�<��"��&%�"��J)!570^1$28:9<;X�+>R�N1% $�K<��S�%�B!0������C"G�J>�����%('(�OK��!��?R$2'<'X) �4"G��F �����4"30X�C"G��%�� 0�����- �N1�;
- �4�N1\�4"G����%<$2'(�4"30R>�����%('(�J$70Y% ) ,�%<$��<' ;�c � �4"G%('Z-/%���% �a� �&%<�X�N13������021Z>����C� ��$��&$UD����4"��!'
��% DG��%('7%�"�� �4"30U$70Y% �2f ��f ���Z$�"G� ��
R,�%<$��<'7c

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

B(,],/.10P0@*OC�4�2�,/.10-8�0A,V=>09B�=>47*g`gB�6 ,/.147N1<7.Y,/.10@=>0PJ7B�6 N10@=]QRB@j�.OB9JK0PHI0@0@*_: *-,ON10@*1?@09C�H[jk,/.10EWB(,/.10AE�6 498 =>47: 6�*\ND,>E/: 0@*[,P=X,WB(,/N1=�4�2 ,/.10Z�-4�E/47QRB�*1:U=>: ,/07f"�\: Qe: 6 B(EGB�?@?@N1QGN16 B(,/: 47*%FOB(,>,/0AE/*1=8�0AE/0&47H1=>0AE/JK09CZ254�E]��*g`-EvB�*OC GI*R4�2g8;.1: ?W.R,/.10&B�Qe47N1*[,/=UB(,�,/.10]0@*OCe4�2g,/.10;E/4�,WB(,/: 47*R8�0AE/0
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6 : ,>,/0AE9f���.10 J7B�6 N10@=^FDE/0@=>0@*[,/09CP254�ENGI*G: *Z}S: <7NDE/0V�7�7f �7�&B(E/0�,/.10AE/0A254�E/0 =>6 : <7.[,/6 jG4(JK0AE/0@=X,/: QRB(,/09Caf��.10 �O<7NDE/0;=>.1498;=�,/.OB(,��K©*(�+[©;: 4�2a,/.10�,/4�,WB�6OT�`K�Z`[��BPB�*OCR��<-?@47*[,/0@*[,/=34�2I,/.10;JK0@<70A,WB(,/: 47*: =�E/0@Qe4(JK09CeB(, ,/.10&0@*OCe4�2^BPE/4�,WB(,/: 47*k8;.10@*R,>E/0@0&=X,/0@Qe= B(E/0V.OB(E/JK0@=X,/09Caf���.10@=>0VFI0AE/?@0@*[,WB�<70@=B(E/0&QGN1?W.Z.1: <7.10AE�254�E;� ~�N1FZ,/4G�7�W:Z�UB�*OC GI*"~�N1FZ,/4Z�7�;:Z�Wf�EU0@?9B�N1=>0�� B9J7B�: 6 B�H16 0��O�%: =U2�B�: E/6 j6 498t: *R,/.10&=>47: 6 =;N1*OCD0AE�=X,/NOC\j_~M�U.OB�FD,/0AEN+[��CD0A�O?@: 0@*1?@: 0@= 4�2^�S`DB�*OCRFI47=>=>: H16 j$GI*g`DQRB@je4[?@?@NDE: *R25ND,/NDE/0]E/4�,WB(,/: 47*1=@fU}DEWB�?A,/: 47*1= 4�2���*�B�*OC E«E/0@Qe4(JK09CZ: *kQe0AE/?W.OB�*[,WB�H16 0;,/: QGHI0AE�8�4[4\C�B(E/0*14�,]=>.1498;*YH1ND,;8�0AE/0P=>: Qe: 6 B(E],/4G,/.147=>0-4�23T�`1�Z`I��BeB�*OC_��<Df;�\: *1?@0PB�Qe47N1*[,/= 4�23B9J7B�: 6 B�H16 0Qe: ?AE/47*\ND,>E/: 0@*[,/=Z: *«,/.10Y=>47: 6;8�0AE/0Y*14�,kCD0A,/0AE/Qe: *109C�,/.10YFI4�,/0@*[,/: B�6 254�E�CD0@F16 0A,/: 47*v4�2V,/.10@=>0*\ND,>E/: 0@*[,/=VH[j_.OB(E/JK0@=X,/: *1<�?@47N16 C"*14�,PHI0G0@J7B�6 NOB(,/09Ca`iB�*OC"25NDE>,/.10AEVE/0@=>09B(E/?W.�: =-*10@?@0@=>=/B(E>j�47*,/.1: =;=>N1HB?X0@?A,9f��.10Z*\ND,>E/: 0@*[,-?@47*[,/0@*[,/=-4�2;� b5�1 \�e§/¦O[Wb��/¦[d>¦ F16 B�*[,WB(,/: 47*�254�E/0@=X,/=P: * E3EWBO<@: 6�`ST&: <70AE/: BYB�*OC��N10AE>,/4R�]: ?@4kB(E/0G=>.1498;*": *"�SB�H16 0k�7�7f �[��,/47<70A,/.10AEV8;: ,/._,/.10-E/0@=>N16 ,/=V4�2�,/.10�FDE/0@=>0@*[,&=X,/NOC\j[f��.10P*\ND,>E/: 0@*[,&?@47*[,/0@*[,/=;254�E&254�E/0@=X,/=V4�23=>: Qe: 6 B(E-B�<70�J7B(E/: 09CY?@47*1=>: CD0AEWB�H16 j[f/g30AE>j�.1: <7._J7B�6 N10@=254�EkB�6 6]*\ND,>E/: 0@*[,/=G8�0AE/0Y47HD,WB�: *109C«H[j��]N1=>=>0@6 6P~X�9�;17�K�W`�8;.1: ?W.vQRB@j�FOB(E>,/6 j�HI0_CDN10k,/4",/.10043D?@0@FD,/: 47*OB�6 6 j�.1: <7.�H1: 47QRB�=>=PCD0AE/: JK09C_254�E-,/.1: =-=>: ,/0Y~��SB�H16 0��7�7f �9�K�WfR��.10ZJ7B�6 N10@=-F1N1H16 : =>.109C254�EV��N10AE>,/4Z�]: ?@4Y~��gN1<74D`i�9�7�K�7� : *1?@6 NOCD09Ck*\ND,>E/: 0@*[,/=;: *�F1: *10@=]B�=;8�0@6 6SB�=;: *Y4�,/.10AE]4(JK0AE/=X,/4�E>j=>FI0@?@: 0@= <�E/498;: *1<Z: *R,/.10&F16 B�*[,WB(,/: 47*g`\8;.1: ?W.�QRB@je043DF16 B�: *R,/.10&.1: <7.k*1: ,>E/47<70@*�?@47*[,/0@*[,/=@f3��.10}S: ?X:1254�E/0@=X,/=3=>0@0@Qn,/4V?@47*[,WB�: *e=>47Qe0A8;.OB(,U6 498�0AE�B�Qe47N1*[,/=�4�2aTv,/.OB�*ZQe47=X,34�,/.10AE3F16 B�*[,WB(,/: 47*1=0@6 =>0A8;.10AE/0ZH1ND,-4[?@?@N1F[j_: *[,/0AE/Qe09CD: B(,/0GFI47=>: ,/: 47*1=V8;: ,/."E/0@=>FI0@?A,-,/4k=>47Qe0G4�,/.10AE-QRB�?AE/47*\ND,>E/: L0@*[,/=@f
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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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��.1: =i?W.OB�FD,/0AESCD09B�6 =g8;: ,/.V,/.103B�Qe47N1*[,/=a4�21*\ND,>E/: 0@*[,/=IE/0A,/NDE/*109C],/4 ,/.10^254�E/0@=X,9,O4[4�ES: *-6 : ,>,/0AE>2�B�6 6�`,/.10�EWB(,/0]4�2a6 : ,>,/0AE CD0@?@47QeFI47=>: ,/: 47*g`\B�*OCG,/.10]B�?@?@N1QGN16 B(,/: 47*e4�2a4�E/<KB�*1: ?&QRB(,>,/0AEUB�*OCZ*\ND,>E/: 0@*[,/=47*k,/.10V254�E/0@=X,�,O4[4�E9fU��.10-47HB?X0@?A,&4�2^,/.10V=X,/NOC\jR8 B�=;,/4ZFDE/4(J\: CD0-B�*_B�*1=X8�0AE;,/4G,/.10Ph[N10@=X,/: 47*,/4�8;.OB(,R043\,/0@*[,R: QeQe47H1: 6 : <9B(,/: 47*v4�2-*\ND,>E/: 0@*[,/=Z4[?@?@NDE/=R: *«,/.10Y6 : ,>,/0AEk6 B@j[0AE9`;B�=e2 E/09h[N10@*[,/6 j47H1=>0AE/JK09CYN1*OCD0AE&F1: *10@=&: *_,/0@QeFI0AEWB(,/0R~5� : 6 6�`^�9�7�K� � E�B�6 6 B(EWC�B�*OC�� : 6 6�`��9�;1\� �^��B(E/0Aj dW�]¦7¤ c `�9�;1K� � �&.1476 < dW�V¦7¤ c `3�9�;1K©7�-B�*OC",>E/47F1: ?9B�63?@6 : QRB(,/0@=R~�|�<7N1*O?X47H1:UB�*OC E�B7C1B\`U�9�K�����U�U.1: ?X: 47ªK07`�9�;17���a�UN10@J7B�= dW� ¦7¤ c `a�9�7�\� �a�gN1<74D`g�9�7�K� � �&N1*OB7CD:�`g�9�7�7��HI�WfT&ND,>E/: 0@*[,/=3E/0A,/NDE/*109Ce,/4P,/.10;254�E/0@=X, ,O4[4�E : *k6 : ,>,/0AE>2�B�6 6iB�*OCR=>N1H1=>09h[N10@*[,/6 jGE/0@6 09B�=>09CkH[jRCD0AL?@47QeFI47=>: ,/: 47*e?@47*1=X,/: ,/ND,/0]B�*R: QeFI4�E>,WB�*[,3?@47QeFI47*10@*[,34�2a,/.10 : *[,/0AE/*OB�6O*\ND,>E/: 0@*[,3?AjD?@6 0;4�2iB&254�E>L0@=X,�0@?@47=XjD=X,/0@QYf3�g: ,>,/0AE>2�B�6 6a: =�<70@*10AEWB�6 6 jk6 498 CDNDE/: *1<-,/.10;�1E/=X,U250A8 j[09B(E/= B(2 ,/0AE 0@=X,WB�H16 : =>.1Qe0@*[,4�2]B�F16 B�*[,WB(,/: 47* ~�?9B�*147F[j%CD0@JK0@6 47F1Qe0@*[,-F1.OB�=>0(�-B�*OC�?@47*1=>: =X,/=GQRB�: *16 j�4�2 25476 : B�<707`38;.10AE/09B�=6 B(,/0AEG47*�: *%,/.10ZE/4�,WB(,/: 47*�8�4[4\C\j%6 : ,>,/0AE>2�B�6 6-~ d9c �[c HDEWB�*1?W.10@=@`�?@47*10@=W�PHI0@?@47Qe0@=�: *1?AE/09B�=>: *1<76 jQe4�E/0P: QeFI4�E>,WB�*[,Z~ �&.1476 < dW�]¦7¤ c `^�9�;1K©7�WfP�]Qe47N1*[,/=]4�2U6 : ,>,/0AEVFDE/4\CDN1?A,/: 47*�<70@*10AEWB�6 6 j�CD0@FI0@*OC47*Z=>FI0@?@: 0@=&~�CD0@?@: CDN147N1=@`[?@47*1: 250AE/47N1=W�W`\?@6 : QRB(,/0P~ d9c �[c EWB�: *D2�B�6 6�`[8;: *OCZ=>FI0@09CO�W`[=>47: 6S~58 B(,/0AEU.1476 C\L: *1<Z?9B�FOB�?@: ,+j[`1*\ND,>E/: 0@*[, =X,WB(,/N1=W� B�*OCk254�E/0@=X,]?W.OB(EWB�?A,/0AE/: =X,/: ?@=G~ d9c �[c =X,/4[?Wª\: *1<D`IB�<70(�V~FE3EWB@jYB�*OC
�&4�E/.OB�QY`a�9�7�O+[�Wf}10A8 =X,/NOCD: 0@=;.OB9JK0VHI0@0@*YQRB7CD0V4�2^6 : ,>,/0AE>2�B�6 6S: *"� b5�1 \�P§/¦O[Wb��/¦[d>¦ F16 B�*[,WB(,/: 47*�254�E/0@=X,/=@f ��.1047*16 j"C1B(,WBRB9J7B�: 6 B�H16 0eB(E/0P,/.147=>0G4�2UF16 B�*[,WB(,/: 47*1=V: *"T&: <70AE/: B"~�|�<7N1*O?X47H1:�B�*OC"}OB�=>0@.\N1*g`^�9�K�7� �|�<7N1*O?X47H1:�`O�9�K�7© �\�PB7CD0@HOBVB�*OCG�&CDNOB@jD:�`D�9�;1K© �D�PB7CD0@HOB\`1�9�7�\�(��B�*OCG: *Z��N10AE>,/4-�]: ?@4Z~M�UN10@J7B�=dW�-¦7¤ c �9�7�\� ���gN1<74D` �9�7�K�7�W`�8;.1: ?W.%<�E/498	N1*OCD0AEPEWB(,/.10AEGCD: Da0AE/0@*[,PEWB�: *D2�B�6 6�E/0@<7: Qe0@=P,/.OB�*%: *}S: ?X:�fY� ?@47QeFOB(E/: =>47*�8;: ,/.�B�Qe47N1*[,/=-4�2;6 : ,>,/0AEGFDE/4\CDN1?A,/: 47*%B�*OC�*\ND,>E/: 0@*[,-E/0A,/NDE/*1=�B(,P,/.10@=>0=>: ,/0@= 8;: 6 6iHI0-QRB7CD0-B(, ,/.10-0@*OCk4�23�\0@?A,/: 47*��(�[f �\f)M2^,/.10-EWB(,/0�4�2UCD0@?@47QeFI47=>: ,/: 47*_: =&6 498�0AE&,/.OB�*Y,/.OB(,&4�236 : ,>,/0AE&FDE/4\CDN1?A,/: 47*g`aB�?@?@N1QGN16 B(,/: 47*4�2S4�E/<KB�*1: ?-QRB(,>,/0AE 47*R,/.10&=>47: 6g=>NDE>2�B�?@0V8;: 6 6g4[?@?@NDE9`D8;: ,/.�B�=>=>4[?@: B(,/09CY: QeQe47H1: 6 : <9B(,/: 47*�4�2S*\NDL,>E/: 0@*[,/=S8;.1: ?W.Z: *G,/NDE/*G?9B�*Z6 09B7C�,/4V*\ND,>E/: 0@*[,3CD0A�O?@: 0@*1?@: 0@=347*GFI4[4�EU=>47: 6 =UB�*OC�E/09CDN1?@09C�<�E/498 ,/.4�2�,/.10�JK0@<70A,WB(,/: 47*«~��gND,#<�B�*OC��U.OB�*OCD6 0AE9`^�9�O+K�K�WfP��.10PEWB(,/0�4�2�CD0@?@47QeFI47=>: ,/: 47*�CD0@FI0@*OCD=&47*,/.10 : *[,/0AEWB�?A,/: 47*e4�2gH1: 476 47<7: ?9B�6^~�FDE/0@=>0@*1?@0;4�2g=>47: 612�B�N1*OB\`K25N1*1<7:OB�*OCZHOB�?A,/0AE/: BK�W`[F1.[jD=>: ?9B�6i~5,/0@QZLFI0AEWB(,/NDE/07`^6 : ,>,/0AEZ6 B@j[0AE�Qe47: =X,/NDE/0R?@47*[,/0@*[,A�-B�*OC�?W.10@Qe: ?9B�6&~�=>47: 6�*\ND,>E/: 0@*[,�=X,WB(,/N1=GB�*OC�6 : ,>,/0AE
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Tulasewa Korokula Koromani
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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

6 : B�<70�H1: 47QRB�=>=G8�0AE/0kHOB�=>09C�47*«C1B(,WB_?@476 6 0@?A,/09C�=>0@JK0AEWB�6 Qe47*[,/.1=GB(2 ,/0AEG,/.10kFOB�=>=/B�<70Y4�2;,/.10?AjD?@6 47*10Y~M�\0@?A,/: 47*«�7�7f +[�W`i,/.10ZCD: Da0AE/0@*1?@0ZQRB@j_HI0Z043DF16 B�: *109C�H[jY,/.10GEWB�F1: C_E/0@<70@*10AEWB(,/: 47*%4�2*10@09CD6 0@=&: *_,/.10P: *[,/0AE/Qe09CD: B(,/0�FI0AE/: 4\Ca`I8;.1: ?W._E/0@=>N16 ,/09C_: *_4(JK0AE/0@=X,/: QRB(,/: 47*"4�23,/.10PFDE/09CD: ?A,/09CFDE/0ALM?AjD?@6 47*10&25476 : B�<70�H1: 47QRB�=>=�254�E!'KB�*\NOB(E>j"�9�7�\�R~��SB�H16 0Z�7�7f �7�WfU��.10-6 47=>=]4�2^*10@09CD6 0@=]B�=>=>4[?@: LB(,/09C_8;: ,/.�,/.10GFOB�=>=/B�<70e4�2�?AjD?@6 47*10R�\: *OBe254�E/Qe09C����W:R` 1O+�:�B�*OC��K©;:z4�2U,/.10GFDE/0ALM?AjD?@6 47*10*10@09CD6 0�H1: 47QRB�=>=^: *P,/.10��iN16 B�=>0A8 B\`[�-4�E/47ª\N16 B&B�*OCP�-4�E/47QRB�*1:[254�E/0@=X,3F16 4�,/=@`�E/0@=>FI0@?A,/: JK0@6 jk~��SB(LH16 0��7�7f �7�W`D: 6 6 N1=X,>EWB(,/: *1<�,/.10]=>0@JK0AE/0VC1B�QRB�<70VB=Me: ?A,/09Ce,/4P,/.10;254�E/0@=X, ?9B�*147F1: 0@= H[jZ,/.10]?AjD?@6 47*10~��g4\CD<70 dW��¦7¤ c `I�9�7�\�(�Wf���09B�=>NDE/09C�B�Qe47N1*[,/=U4�2i8�4[4\C\jR6 : ,>,/0AE>2�B�6 6i: *k�iN16 B�=>0A8 BZB�*OCR�-4�E/47ª\N16 B254�E/0@=X,/=-8�0AE/0Z6 498�0AE-,/.OB�*",/.147=>0ZFDE/09CD: ?A,/09C_2 E/47Q�,/.10GH1: 47QRB�=>=V0@=X,/: QRB(,/: 47*1=@`i8;.10AE/09B�=-Qe09B(L=>NDE/09C�B�Qe47N1*[,/=�8�0AE/0-=>: Qe: 6 B(E],/4ZFDE/09CD: ?A,/09C�B�Qe47N1*[,/=�254�E]�-4�E/47QRB�*1:a254�E/0@=X,9f
�S47=X,>LM?AjD?@6 47*10_B�*1*\NOB�6 ,/4�,WB�6 =kB(E/0YFDE/0@=>0@*[,/09C�: *v�SB�H16 0��(�[f �7f EU0@?9B�N1=>0�,/.10�F1: *10�,>E/0@0@=8�0AE/0]EWB�F1: CD6 je<70@*10AEWB(,/: *1<�*10A8 25476 : B�<70-B�*OCeHI0@?9B�N1=>0&*10@09CD6 0]H1: 47QRB�=>=U8 B�=�JK0AE>jZ6 498 B�*[j\8 B@j[`FI47=X,>LM?AjD?@6 47*10kQe47*[,/.16 j%B9JK0AEWB�<70@=G4�2&6 : ,>,/0AE>2�B�6 6�8�0AE/0kQGN1?W.%6 498�0AEZ,/.OB�*%,/.10R?@4�E>E/0@=>FI47*OCD: *1<FDE/0ALM?AjD?@6 47*10;B9JK0AEWB�<70@=@fU�S47=X,>LM?AjD?@6 47*10;Qe47*[,/.16 jGB�Qe47N1*[,/=�4�2g6 : ,>,/0AE>2�B�6 6O8�0AE/0;*14�,U=>: <7*1: �O?9B�*[,/6 j
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CD: Da0AE/0@*[,RHI0A,+8�0@0@*v,/.10"�iN16 B�=>0A8 B\`&�-4�E/47ª\N16 B�B�*OCv�-4�E/47QRB�*1:;254�E/0@=X,�F16 4�,/=�B(,Y���K�\~Y>V�;1K�W`�7�7�D~Y>��7�(�7�GB�*OC��\�9�D~Y>V�K�7��ª\<_.OBB6989`^E/0@=>FI0@?A,/: JK0@6 j[f���.10k6 : ,>,/0AE>2�B�6 6 ?@47QeFI47=>: ,/: 47*�.OB7C�B�6 =>4?W.OB�*1<709C�8;: ,/.«,/.10�FDE/47FI4�E>,/: 47*v4�2V*10@09CD6 0�2�B�6 6]: *1?AE/09B�=>: *1<�,/4%�K©*(\�7�W: 4�2&,/.10�,/4�,WB�6�`�8;: ,/.?@4�E>E/0@=>FI47*OCD: *1<_CD0@?AE/09B�=>0@=�: *�,/.10eFDE/47FI4�E>,/: 47*1=P4�2;4�,/.10AE�?@47QeFI47*10@*[,/=@f���47=X,G4�2 ,/.10Z?@47*10@=B�*OC�CD09B7C"HDEWB�*1?W.10@=-.OB7C"HI0@0@*�E/0@Qe4(JK09CY2 E/47Q�,/.10Z?9B�*147F[j�CDNDE/: *1<R,/.10Z?AjD?@6 47*107`gE/09CDN1?@: *1<8�4[4\C\jYB�*OCk?@47*10-6 : ,>,/0AE>2�B�6 6i,/4eB�6 Qe47=X, <@0AE/4_~��SB�H16 0Z�(�[f �(�Wf��.10]6 : ,>,/0AE>2�B�6 6IFDE/4\CDN1?@09CZH[j�,/.10;N1*OCD0AE/<�E/498 ,/.e: *e,/.10 ,/.DE/0@0 254�E/0@=X,�F16 4�,/=U?@47*1=>: =X,/09CZ254�E B6 B(E/<70�FOB(E>,S4�2O<�EWB�=>=^6 09B9JK0@=^B�*OCP=>0@09CD=^B�*OC-,/.10UB�?A,/NOB�6\6 : ,>,/0AE^FDE/4\CDN1?A,/: 47*�H[jV,/.103N1*OCD0AE/<�E/498 ,/.8 B�=-=>0@JK0AE/0@6 j"N1*OCD0AE/0@=X,/: QRB(,/09C_HI0@?9B�N1=>0ZCD09B7C"<�EWB�=>=-=X,WB�6 ª\=-4�2 ,/0@*�E/0@QRB�: *109C_0AE/0@?A,PB�*OC�CD: C*14�,Z0@*OC�N1F�: *�,/.10k6 : ,>,/0AE>,>EWB�F1=@f«�^E/0ALM?AjD?@6 47*10k6 : ,>,/0AEeFDE/4\CDN1?A,/: 47*�H[j%,/.10kN1*OCD0AE/<�E/498 ,/.�: *,/.10e�iN16 B�=>0A8 B�254�E/0@=X,GF16 4�,9`i8;.1: ?W.�8 B�=�.109B9J\: 6 j�CD47Qe: *OB(,/09C�H[j�� dW�1�1b5�@dW�� \¡ ¢D£7¤ ¥��/�M¦K§W¨[¥K£��<�EWB�=>= QRB@jeHI0-B�F1FDE/4)3D: QRB(,/09CeH[jZ,/.10&FDE/4\CDN1?A,/: 47*REWB(,/0@=�254�E;<�EWB�=>=;FDE/0@=>0@*[,/09CR: *��SB�H16 0G�9�\f �7`bMc5d9c B�HI47ND,R�\f ©_,e.OBB6989f«�SB�ª\: *1<",/.10�6 B(,>,/0AEeJ7B�6 N10YB(,Z2�B�?@0YJ7B�6 N10k,/.1: =G8�47N16 C�: QeF16 j%,/.OB(,FDE/4\CDN1?A,/: 47*%4�2;6 : ,>,/0AEGH[j",/.10eN1*OCD0AE/<�E/498 ,/.�B(,P,/.1: =�=>: ,/0e8 B�=GB(,G6 09B�=X,ZB�=�.1: <7.�B�=P,/.OB(,�H[j,/.10P,>E/0@0G=X,/4�E/0Aj_254�E-,/.10�FDE/0ALM?AjD?@6 47*10GFI0AE/: 4\Caf���.10G: QeFDE/4(JK09CY6 : <7.[,P?@47*OCD: ,/: 47*1=&8;: ,/.1: *",/.10254�E/0@=X,UB(2 ,/0AE�,/.10�?AjD?@6 47*10�0@JK0@*[,^: *GT&4(JK0@QGHI0AE��9�7�7�&?9B�N1=>09CZB;,+8�4�L�25476 CG: *1?AE/09B�=>0 : *GQe09B�=>NDE/09C6 : ,>,/0AEVFDE/4\CDN1?A,/: 47*�4�23,/.10�N1*OCD0AE/<�E/498 ,/.g`gB�*OCY,/.10GB�?A,/NOB�6^FDE/4\CDN1?A,/: 47*"QRB@j�8�0@6 6^.OB9JK0�HI0@0@*QGN1?W.�.1: <7.10AEe,/.OB�*«,/.OB(,R4�2V,/.10�254�E/0@=X,9f .VN10�,/4�,/.10Y6 498zN1*OCD0AE/<�E/498 ,/.vH1: 47QRB�=>=R: *«,/.10�-4�E/47ª\N16 B&254�E/0@=X, F16 4�,9`\B�*OCG,/.10;6 498 FDE/47FI4�E>,/: 47*R4�2g<�EWB�=>=U: *e,/.10 N1*OCD0AE/<�E/498 ,/.RB(,��-4�E/47QRB�*1:254�E/0@=X,9`D,/.10&N1*OCD0AE/0@=X,/: QRB(,/0@=�FDE/0@=>0@*[,/09Ce254�E ,/.10@=>0&254�E/0@=X,/=;=>.147N16 CR*14�,;6 09B7CR,/4�=>0AE/: 47N1=;0AE>E/4�E/=: *�,/.10P4(JK0AEWB�6 6i254�E/0@=X,V*\ND,>E/: 0@*[,]H1NOCD<70A,/=@f;��Qe4�E/0-,/.OB�*�,+8�4�L�25476 C_: *1?AE/09B�=>0�: *_N1*OCD0AE/<�E/498 ,/.6 : ,>,/0AE>2�B�6 6^8 B�=-B�6 =>4�47H1=>0AE/JK09C_: *_,/.10��-4�E/47ª\N16 BZ254�E/0@=X,PF16 4�,-B(2 ,/0AEP?AjD?@6 47*10Z�\: *OB\`aH1ND,V*14�,V: *�-4�E/47QRB�*1:3254�E/0@=X,Z8;.1: ?W.«B�6 E/09B7C\j�.OB7C�B_Qe4�E/0k47FI0@*�?W.OB(EWB�?A,/0AEeCDN10R,/4"FDE/0@J\: 47N1=�?AjD?@6 47*10C1B�QRB�<70Z~M�\0@?A,/: 47*_�\f +[�Wf
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�]JK0AEWB�<70k*\ND,>E/: 0@*[,�?@47*1?@0@*[,>EWB(,/: 47*1=Z: *�*10@09CD6 0R2�B�6 6;B�*OC�: *�H1N16 ª�=/B�QeF16 0@=G4�2;8�4[4\C\j�6 : ,>,/0AE>L2�B�6 6R~�=X,/0@Q�8�4[4\Ca`-HDEWB�*1?W.10@=@`&,+8;: <7="B�*OCt?@47*10@=W�W`-QRB�6 0 ,O498�0AE_6 : ,>,/0AE>2�B�6 6k~�: 2ZFDE/0@=>0@*[,A�kB�*OCN1*OCD0AE/<�E/498 ,/.�6 : ,>,/0AE>2�B�6 6�: *%�iN16 B�=>0A8 B\`��-4�E/47ª\N16 BYB�*OC��-4�E/47QRB�*1:^254�E/0@=X,/=GB(E/0RFDE/0@=>0@*[,/09C�: *�SB�H16 0_�(�[f �[`38;.10AE/09B�=GQe47*[,/.16 j�*10@09CD6 0e2�B�6 6 ?@47*1?@0@*[,>EWB(,/: 47*1=ZB(E/0k<7: JK0@*�: *��]F1FI0@*OCD: 3%�O1\f �7f�U47*1?@0@*[,>EWB(,/: 47*1=P: *�*10@09CD6 0Z2�B�6 6�8�0AE/0Z2�B�: E/6 j%=>: Qe: 6 B(EP,/4k,/.147=>0e4�2;CD09B7C�B�*OC"j[0@6 6 498 *10@09CD6 0@=?@476 6 0@?A,/09CY2 E/47Q 8;: ,/.1: *_,/.10P?AE/498;*1=&4�2�,>E/0@0@=]=/B�QeF16 09C�254�EVH1: 47QRB�=>=G~��SB�H16 0@=��7�7f 1\`^�7�7f �kB�*OC�7�7f �9�K�W`S8;.1: ?W.�=>N1<7<70@=X,/=-,/.OB(,P6 47=>=>0@=�4�2�*\ND,>E/: 0@*[,/=-: *�,/.10GFI0AE/: 4\C�HI0A,+8�0@0@*�*10@09CD6 0G2�B�6 6UB�*OC=/B�QeF16 : *1<�8�0AE/0_*10@<76 : <7: H16 07f I&498�0@JK0AE9` ?@47*1?@0@*[,>EWB(,/: 47*1=k4�2P� : *v*10@09CD6 0Y2�B�6 6&: *v�-4�E/47ª\N16 B254�E/0@=X,;8�0AE/0PQGN1?W.R.1: <7.10AE;,/.OB�*Y: *YCD09B7C�*10@09CD6 0@=;?@476 6 0@?A,/09Ck2 E/47Q 8;: ,/.1: *�,/.10V?AE/498;*1=@f}S6 N1?A,/NOB(,/: 47*1=e: *v*10@09CD6 0�2�B�6 6]*\ND,>E/: 0@*[,Z6 0@JK0@6 =R=>.1498�09C«*14�CD: =X,/: *1?A,R=>09B�=>47*OB�6&FOB(,>,/0AE/*1=@`B�6 ,/.147N1<7.���<R6 0@JK0@6 =]E/09B�?W.109C_BZQRB=3D: QGN1Q B(,&,/.10-0@*OCY4�2�,/.10-8�0A,&=>09B�=>47*�~��]FDE/: 6 (D�YB@jO�;: *HI4�,/.k,/.10V�-4�E/47ª\N16 BZB�*OC��-4�E/47QRB�*1:I254�E/0@=X,&F16 4�,/=P~��]F1FI0@*OCD: 3��O1\f �(�Wf��47*[,/.16 jZ?@47*1?@0@*[,>EWB(,/: 47*1=U4�2aT�`K��B�*OCR��B-: *e*10@09CD6 0 2�B�6 6O: *R�iN16 B�=>0A8 B-254�E/0@=X, B(E/0;=>.1498;*: *�}S: <7NDE/0"�(�[f �[f��gE/0@*OCD=P254�Ee��B�*OC GI*%8�0AE/0R=>: Qe: 6 B(EG,/4Y,/.OB(,�4�2]T�`i8;.10AE/09B�=�,/.10Z,>E/0@*OCD=254�ER��<D` E B�*OC���*�8�0AE/0k=>: Qe: 6 B(EG,/4_,/.OB(,G4�2V��B\`�B�6 ,/.147N1<7.�6 0@=>=GFDE/47*147N1*1?@09Caf%�\09B�=>47*OB�6J7B(E/: B(,/: 47*1=-: *�*10@09CD6 0�2�B�6 63*\ND,>E/: 0@*[,V6 0@JK0@6 =-: *��-4�E/47ª\N16 B�B�*OC"�-4�E/47QRB�*1:S254�E/0@=X,/=-8�0AE/0Z?@47QZLFOB(EWB�H16 0],/4-,/.147=>0&=>.1498;*R254�E;�iN16 B�=>0A8 BP254�E/0@=X,-~�=>0@0V�]F1FI0@*OCD: 3R�O1\f �(�Wf��U6 09B(E/6 j[`D?AjD?@6 47*10-�\: *OB.OB7CRB�QGN1?W.e6 B(E/<70AE;: QeFOB�?A, 47*k*10@09CD6 0]2�B�6 6g*\ND,>E/: 0@*[,�6 0@JK0@6 =U,/.OB�*�B�*[je=>09B�=>47*OB�6a,>E/0@*OCRQe: <7.[,.OB9JK0G.OB7CafR��Bk6 0@JK0@6 =P: *�FI47=X,>LM?AjD?@6 47*10Z*10@09CD6 0G2�B�6 6�8�0AE/0e6 498�0AEP,/.OB�*",/.147=>0Z: *�FDE/0ALM?AjD?@6 47*10*10@09CD6 0 2�B�6 6�`\8;.10AE/09B�=�T�`\�S`[�Z`\��<D`O��*RB�*OC GI*e6 0@JK0@6 =38�0AE/0VB�6 6O.1: <7.10AEU,/.OB�*e: *RFDE/0ALM?AjD?@6 47*10*10@09CD6 0]2�B�6 6gN1*[,/: 6O2547NDE;Qe47*[,/.1=�B(2 ,/0AE ,/.10&0@JK0@*[,U8;.10@*�*\ND,>E/: 0@*[,�?@47*1?@0@*[,>EWB(,/: 47*1=�E/0A,/NDE/*109Ce,/4FDE/0ALM?AjD?@6 47*10V6 0@JK0@6 =P~�}S: <7NDE/0e�(�[f �7�Wf���.10@=>0-?W.OB�*1<70@=]: *�?@47*1?@0@*[,>EWB(,/: 47*1=]=>N1<7<70@=X,],/.OB(,]CDNDE/: *1<,/.1: =;FI0AE/: 4\C�E/0@6 B(,/: JK0@6 j�j[47N1*1<Z*10@09CD6 0@=]CD: 09CYB�*OCk250@6 6i8;: ,/.147ND,&?@47QeF16 0A,/0VE/0A,>EWB�*1=>6 4[?9B(,/: 47*"4�2
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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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,/.10@: EP*\ND,>E/: 0@*[,/=@fe��.10RCD: Da0AE/0@*1?@0@=P: *�Qe09B�*1=-4�2 FDE/0AL]B�*OC�FI47=X,>LM?AjD?@6 47*10e?@47*1?@0@*[,>EWB(,/: 47*1=P: **10@09CD6 0]2�B�6 6I254�E;09B�?W.k=>: ,/0VB(E/0V=>.1498;*k: *��SB�H16 0��(�[f �P,/47<70A,/.10AE 8;: ,/.R,/.10@: E =>: <7*1: �O?9B�*1?@0V6 0@JK0@6 =@f�\: Qe: 6 B(Ee?W.OB�*1<70@=e: *«*10@09CD6 0k2�B�6 6]*\ND,>E/: 0@*[,Z?@47*1?@0@*[,>EWB(,/: 47*1=Z8�0AE/0�47H1=>0AE/JK09C�: *vB%� b5�1 \�§/¦O[Wb��/¦[d>¦ F16 B�*[,WB(,/: 47*k254�E/0@=X,VB(,�I&N1QeFD,+j0.V4[4D` �&N10@0@*1=>6 B�*OCa`1B(2 ,/0AE&B�8;: 6 C\�1E/0PCD0A25476 : B(,/09C�,/.10=X,WB�*OCk: *��9�K�O1Y~M�YB�<7<7=@`S�9�;1\�(�Wf�\: <7*1: �O?9B�*[,�CD: Da0AE/0@*1?@0@=38�0AE/0]47H1=>0AE/JK09CGHI0A,+8�0@0@*R=>: ,/0@=&~��SB�H16 0-�(�[f �K�W`DFI47=>=>: H16 jGE/04,O0@?A,/: *1<CD: Da0AE/0@*1?@0@=k: * =>: ,/0�h[NOB�6 : ,+j[fn�^E/0ALM?AjD?@6 47*10�6 0@JK0@6 =�4�2�T�` �S`;��B�B�*OC GI* 8�0AE/0".1: <7.10@=X,Y: *,/.10k�iN16 B�=>0A8 B"254�E/0@=X,eF16 4�,G8;.10AE/09B�=R��<�B�*OC E 6 0@JK0@6 =�8�0AE/0�.1: <7.10@=X,Z: *��-4�E/47ª\N16 BY254�E/0@=X,9f��B�*OC���*�?@47*1?@0@*[,>EWB(,/: 47*1=�8�0AE/0k.1: <7.10@=X,G: *�,/.10k�iN16 B�=>0A8 B"B�*OC%�-4�E/47QRB�*1:U254�E/0@=X,ZF16 4�,/=@`E/0@=>FI0@?A,/: JK0@6 j[f]T&4R=>: <7*1: �O?9B�*[,-CD: Da0AE/0@*1?@0@=]8�0AE/0P2547N1*OCY254�E&,/.10PTn?@47*1?@0@*[,>EWB(,/: 47*1=&: *"*10@09CD6 02�B�6 6iHI0A,+8�0@0@*�,/.10-=>: ,/0@=]: *�,/.10-FI47=X,>LM?AjD?@6 47*10-FI0AE/: 4\Caf ��BeB�*OCCGI*Y6 0@JK0@6 =;: *Y*10@09CD6 0-2�B�6 6g8�0AE/0B�<KB�: *Y.1: <7.10@=X,;: *k,/.10V�iN16 B�=>0A8 BG254�E/0@=X,]F16 4�,9`D8;.10AE/09B�=]�S`O��<eB�*OC Ev6 0@JK0@6 = 8�0AE/0-.1: <7.10@=X,;: *,/.10V�-4�E/47ª\N16 B�254�E/0@=X,&F16 4�,&B�*OCY��*�8 B�=;.1: <7.10@=X,]: *�,/.10V�-4�E/47QRB�*1:a254�E/0@=X,]F16 4�,9f
����������� � � ��	  � 	 � � � ����	 	 � � ������� ����	���� � � ������	�� �� �  � ���	
� � ���

�]Qe47N1*[,/=R4�2G*\ND,>E/: 0@*[,/=�CD0@FI47=>: ,/09C 47*[,/4�,/.10"254�E/0@=X,7,O4[4�EY: *t6 : ,>,/0AE>2�B�6 6P: * ,/.10��iN16 B�=>0A8 B\`�-4�E/47ª\N16 BGB�*OCk�-4�E/47QRB�*1:O254�E/0@=X,&F16 4�,/=;CDNDE/: *1<�,/.10&=X,/NOC\jkB(E/0-<7: JK0@*�: *��SB�H16 0@=-�(�[f +	(Y�(�[f �\`E/0@=>FI0@?A,/: JK0@6 j[fST&0@09CD6 0 2�B�6 6OB�?@?@47N1*[,/09CG254�E��K�[f +�: 4�2I,/.10�,/4�,WB�6DE/0A,/NDE/*G4�2a� ,/4V,/.10�254�E/0@=X,�,O4[4�E: *-,/.10U�iN16 B�=>0A8 B;254�E/0@=X,�F16 4�,9`KB�*OCV254�E��7�\f �;: 4�21,/.OB(,i254�EU��B 8;: ,/.�: *[,/0AE/Qe09CD: B(,/03J7B�6 N10@=g254�E�T�`��B�*OC���<Df3)+*e,/.10&476 CD0AE 254�E/0@=X,/=�8;.10AE/0&8�4[4\C\jk6 : ,>,/0AE>2�B�6 6a254�E/Qe09CkBP6 B(E/<70AE;2 EWB�?A,/: 47*�4�2i,/4�,WB�66 : ,>,/0AE>2�B�6 6]~��SB�H16 0k�(�[f �(�W`i*10@09CD6 0�2�B�6 6�=X,/: 6 63B�?@?@47N1*[,/09C_254�E�BR6 B(E/<70ZFDE/47FI4�E>,/: 47*�4�23,/.10ZB�*1*\NOB�6E/0A,/NDE/*G4�2a*\ND,>E/: 0@*[,/=S,/4V,/.10U254�E/0@=X,�,O4[4�E9f�)+*�,/.10 �-4�E/47ª\N16 B&254�E/0@=X,UF16 4�,3*10@09CD6 0�2�B�6 6IB�?@?@47N1*[,/09C254�EN+K�W:n4�2g,/.10&B�*1*\NOB�6OE/0A,/NDE/*R4�2S��B�*OCZ254�E;�\�=:n4�2g,/.OB(,�254�E]��B-8;: ,/.k: *[,/0AE/Qe09CD: B(,/0]J7B�6 N10@=254�EUT�~��\�=:Z�W`[�n~M©��W:Z��B�*OCe��<e~F1;1W:Z�Wf3�\: Qe: 6 B(EUJ7B�6 N10@=^8�0AE/0;47H1=>0AE/JK09CG: *Z�-4�E/47QRB�*1:D254�E/0@=X,8;.10AE/0;*10@09CD6 0;2�B�6 6aB�?@?@47N1*[,/09CG254�E]©O1W: 4�2a,/.10;FDE/0ALM?AjD?@6 47*10]B�*1*\NOB�61E/0A,/NDE/*e4�2i��B�*OCG254�E �\�=:
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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

�	��
� �  W�C� �����Q?R���C"��!' �+> "��C� �(�!%�"��!'#)!570Z1$28:9<;Z��%�� �C�("G%<�Z�&�Z�N1%A>�����%('(���A����� �4" F �4� B
�&%��N>�$�F4FL�4"X�N1% �C�CF $2'7%�-/$I>�����%('(�:DGF ���&c

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



���� ��� � "O����
���������� ����� � �!����"#
��$�%��&!�$��
��$� ��� #

�	��
� �  W�C� �C���Q?R���C"��!' �+>6"��C� �(�!%�"��!'U)!570Z1$28:9<;Z��%�� �C�("G%<�U�&� �N1%A>�����%('(���A�����6�4" F �4� B
�&%��N>�$�F4FL�4" �N1% � ������5��CF $Q>�����%('(�:DGF ���&c

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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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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Tulasewa forest (1984)
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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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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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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
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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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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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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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EU0@?9B�N1=>0;?@47*1?@0@*[,>EWB(,/: 47*1=34�2a*\ND,>E/: 0@*[,/=�: *Z6 : ,>,/0AE>2�B�6 6aCD: C�*14�,UJ7B(E>jP,/4[4-QGN1?W.GHI0A,+8�0@0@*G254�E/0@=X,/=@`,/.10�E/0A,/NDE/*P4�2O*\ND,>E/: 0@*[,/=a,/4;,/.103254�E/0@=X, ,O4[4�E^J\: B;6 : ,>,/0AE>2�B�6 6\8 B�=S=X,>E/47*1<76 j-E/0@6 B(,/09CP,/4;,/.10UB�*1*\NOB�66 : ,>,/0AE>2�B�6 6^B�Qe47N1*[,/=@fU�\: Qe: 6 B(E&*\ND,>E/: 0@*[, E/0A,/NDE/*1=�8�0AE/0-,/.10AE/0A254�E/0-2547N1*OCk254�E],/.10VT&: <70AE/: B�*"B�*OC}S: ?X: B�*�254�E/0@=X,/=@`U8;.10AE/09B�=eB".1: <7.10AEGE/0A,/NDE/*%8 B�=e47H1=>0AE/JK09C�254�EZ,/.10"�9�\f ©_j[09B(EZ476 C�254�E/0@=X,e: *��N10AE>,/4%�]: ?@4Df I&498�0@JK0AE9`;: 2P*\ND,>E/: 0@*[,/=e: * 6 : ,>,/0AE>2�B�6 6-CDNDE/: *1<�,/.10YFOB�=>=/B�<70�4�2P?AjD?@6 47*10@=kB(E/0,WB�ªK0@*Z: *[,/4-?@47*1=>: CD0AEWB(,/: 47*g`[,/.10�E/0A,/NDE/*1=^254�EU,/.10;}S: ?X: B�*e254�E/0@=X,/=�B(E/0].1: <7.10AE3,/.OB�*G,/.147=>0;4�2gB�*[j4�2S,/.10V4�,/.10AE;254�E/0@=X,/=@f
��.10kB�?@?@N1QGN16 B(,/: 47*�4�2]6 : ,>,/0AE�8;: ,/.�: *1?AE/09B�=>: *1<"254�E/0@=X,eB�<70k: *%,/.10R}S: ?X: B�*�=X,/NOC\j�254�E/0@=X,/=.OB�=3HI0@0@*ZF16 4�,>,/09CZ: *e}S: <7NDE/0P�(�[f �e~�HI4�,/.ZFDE/0ALSB�*OCGFI47=X,>LM?AjD?@6 47*10]C1B(,WBK�W`K,/47<70A,/.10AE38;: ,/.Z,/.147=>0Qe09B�=>NDE/09C�: *�� b5�1 \�R§/¦O[Wb��/¦[d>¦ 254�E/0@=X,/=Z: *%4�,/.10AE�,>E/47F1: ?9B�6�?@47N1*[,>E/: 0@=@f_��.10kB�?A,/NOB�6 B�Qe47N1*[,/=
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+: Present study
*: Other studies

Pre-cyclone
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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

B(E/0�<7: JK0@*": *��SB�H16 0k�(�[f �(©[f���.10ZC1B(,WBe=>.1498nBe<70@*10AEWB�63B�?@?@N1QGN16 B(,/: 47*_4�2U6 : ,>,/0AEV8;: ,/."254�E/0@=X,B�<707` B�6 ,/.147N1<7.«,/.10�=>?9B(,>,/0AEk: =e?@47*1=>: CD0AEWB�H16 07f � E/0@<�E/0@=>=>: 47* 6 : *10�8 B�=Z�1,>,/09C�,/.DE/47N1<7.�,/.10<�EWB�=>=>6 B�*OC_B�*OCkFDE/0ALM?AjD?@6 47*10&254�E/0@=X,&6 : ,>,/0AE]=X,WB�*OCD: *1<Z?AE/47F_C1B(,WB�?@476 6 0@?A,/09CY: *_}S: ?X:a,/4eCD0@=>?AE/: HI0,/.10V: *1?AE/09B�=>0P: *�6 : ,>,/0AE]6 B@j[0AE]QRB�=>=P~�� "M`1ª\<G.OBB698A�U8;: ,/.k254�E/0@=X,VB�<70R~ ��\`1: *�j[09B(E/=W�\A
� "�l 1K���7�D~Y>��9�K�7� ���K�7�\~Y>��(©7� �	��

*Cl +D` � � l�� � �7� ~X�(�[f �7�
�t?@47QeFOB(E/: =>47*k4�2S6 : ,>,/0AE]B�?@?@N1QGN16 B(,/: 47*�: *R,/.10&T&: <70AE/: B�*�=X,WB�*OCD=�8;: ,/.k,/.147=>0&: *Y��N10AE>,/4��]: ?@4=>.1498;=;,/.OB(,],/.10P=>?9B(,>,/0AE&QGN1=X,]HI0�CDN10V,/4RCD: Da0AE/0@*1?@0@=]: *"CD0@?@47QeFI47=>: ,/: 47*_EWB(,/0@=;EWB(,/.10AE],/.OB�*6 : ,>,/0AE�FDE/4\CDN1?A,/: 47*vEWB(,/0@=@`&HI0@?9B�N1=>0"6 : ,>,/0AE�FDE/4\CDN1?A,/: 47* 8 B�=�.1: <7.10@=X,�: *v,/.10���N10AE>,/4��]: ?9B�*254�E/0@=X,/=Z~��SB�H16 0k�(�[f �9�K�WfG��.10G.1: <7."J7B�6 N10@=]2547N1*OC_254�EV,/.10	E3EWBO<@: 6 : B�*�254�E/0@=X,/=-QRB@jYHI0ZCDN10P,/4: *1?@6 N1=>: 47*Y4�2�CD0@?@47QeFI47=>: *1<Z=>6 B�=>.Y2 E/47Q	,/.10-FDE/0@J\: 47N1=�EWB�: *�254�E/0@=X,G~��SB�H16 0Z�(�[f �(©7�Wf��.10�B�?@?@N1QGN16 B(,/: 47*�4�2&QRB�?AE/47*\ND,>E/: 0@*[,/=�: *%,/.10k6 : ,>,/0AEZ6 B@j[0AEG4�2],/.10k}S: ?X: B�*«F16 B�*[,WB(,/: 47*1=CDNDE/: *1<RBeE/4�,WB(,/: 47*�FI0AE/: 4\C": =&=>.1498;*�: *�}S: <7NDE/0k�(�[f 1\f-T&ND,>E/: 0@*[,V?@47*[,/0@*[,/=]: *1?AE/09B�=>09C"4(JK0AE-BE/4�,WB(,/: 47*YFI0AE/: 4\C�H1ND, ,/.10-B�?@?@N1QGN16 B(,/: 47*�EWB(,/0V8 B�=;*14�,]=>: Qe: 6 B(E;254�EVB�6 6g*\ND,>E/: 0@*[,/=@f
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��.10R6 B(E/<70@=X,GE/0@6 B(,/: JK0kB�?@?@N1QGN16 B(,/: 47*1=-8�0AE/0R47H1=>0AE/JK09C�254�Ee��B"B�*OC���<D`S8;: ,/.�B�Qe47N1*[,/==X,/4�E/09C": *_,/.10�6 : ,>,/0AE-6 B@j[0AE-B(,V,/.10�0@*OC_4�23,/.10PE/4�,WB(,/: 47*�HI0@: *1<��\f ©"~M��BK�;,/4k�\f ��~M��<[�;,/: Qe0@=,/.147=>0G: *_,/.10�6 : ,>,/0AE-6 B@j[0AE-: *_,/.10�TVB�HI47N"<�EWB�=>=>6 B�*OC�=>: ,/07f��U47*[,/0@*[,/=V4�2UT B�*OC_� : *1?AE/09B�=>09CH[jY2�B�?A,/4�E/=P4�2]�[f �eB�*OC��[f +D`iE/0@=>FI0@?A,/: JK0@6 j[`a8;.10AE/09B�=-,/.10ZB�?@?@N1QGN16 B(,/: 47*�4�2;� 8 B�=-E/0@6 B(,/: JK0@6 j=>6 498zB�=G,/.10k?@47*[,/0@*[,Z: *1?AE/09B�=>09C�H[j�B_2�B�?A,/4�ER4�2��7f +�47*16 j[f���.10_��B�B�*OC«��<�?@47*[,/0@*[,/=G4�2,/.10k6 : ,>,/0AER6 B@j[0AEe: *«�-4�E/47ª\N16 B_254�E/0@=X,e8�0AE/0�E/0@6 B(,/: JK0@6 j�.1: <7.g`U8;.10AE/09B�=Z,/.10k��?@47*[,/0@*[,G8 B�=E/0@6 B(,/: JK0@6 j 6 498-f	��.1: =k8 B�=_B(,>,>E/: H1ND,/09Cv,/4«CD: Da0AE/0@*1?@0@=�: * ,/.10"=>: ,/0�h[NOB�6 : ,+j[f )+* ?@47*[,>EWB�=X,,/4Y,/.10e4�,/.10AE�QRB�?AE/47*\ND,>E/: 0@*[,/=@`^T B�*OC%��?@47*[,/0@*[,/=P=>.1498�09C�BY6 : *109B(EG: *1?AE/09B�=>0R8;: ,/.%254�E/0@=X,B�<70RB�*OC",/.10eB�?@?@N1QGN16 B(,/: 47*�4�2�,/.10@=>0Z*\ND,>E/: 0@*[,/=&,/.10AE/0A254�E/0R=>0@0@Qe09C_EWB(,/.10AEP: *OCD0@FI0@*OCD0@*[,-4�2=>: ,/0eh[NOB�6 : ,+j«~�}S: <7NDE/0��(�[f 1K�Wfk�g: *109B(EPE/0@<�E/0@=>=>: 47*�B�*OB�6 jD=>: =-8 B�=PN1=>09C",/4�47HD,WB�: *�043DFDE/0@=>=>: 47*1=~ � l%� �! � �9�;CD0@=>?AE/: H1: *1<e,/.10-?W.OB�*1<70P: *_*\ND,>E/: 0@*[,]?@47*[,/0@*[,]4�2�,/.10-6 : ,>,/0AEV6 B@j[0AEG~ �G��8;: ,/.254�E/0@=X,ZB�<70"~ !"�Wf_��.10ZE/0@=>N16 ,/: *1<YE/0@<�E/0@=>=>: 47*�?@47*1=X,WB�*[,/=�B�*OC�?@4[0��e?@: 0@*[,/=G4�2]CD0A,/0AE/Qe: *OB(,/: 47*~��K�@� B(E/0-<7: JK0@*�: *_�SB�H16 0Z�(�[f �*+Df	��.10-6 B(,>,/0AE;8�0AE/0PFOB(E>,/: ?@N16 B(E/6 j�6 498 254�E!GI*g`D8;.1: ?W.Y=>.1498�09C
�	��
� �  W�C�  �����TQ% 0���%('<'(�!��" �<��"'(�&$�"��!'J$�"G�#�N1%��4�O'(�&$�"G��$����Z%��(�����<'#)+K<%�� -/%<%�" K���$��<5�%��!' ;
$�"G� �<��%��E���!%�"��!' �+>6��%��&%��(?6�4"G$�� �!��"#>���� %��(DG��%('<'(�!��"' ��%('7���(�!K��4"30 �N1%R�<1$�"30Y%('6�4" "��CB
� �(�!%�"��.�<��"��&%�"��6)!570 1$28:9<;X�+>R�N1%#F �4� �&%��RF $�,�%��#- �4�N1#>�����%('(�O$70Y% ) ,�%<$��<' ; �4" V�� �L�4� �
�L%�S���c � �4"G%('6-/%���% �a� �&%<�U�N13������0216>����C�R��$��&$JD����4"��!'J��% DG��%('7%�"�� �4"30 $70Y% �2f ��f���� $�"G�
��
R,�%<$��<'7c

� ���3
��

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

6 : ,>,/6 0ZJ7B(E/: B(,/: 47*"8;: ,/.%B�<707`SB�*OCY254�EP�Z`I8;.1: ?W."8 B�=-043D?@0@FD,/: 47*OB�6 6 j�6 498 B(,-�-4�E/47ª\N16 BR254�E/0@=X,9f��.10-Qe09B�*YB�*1*\NOB�6a: *1?AE/09B�=>0P: *k,/.10-*\ND,>E/: 0@*[, ?@47*[,/0@*[,;4�2^,/.10V6 : ,>,/0AE]6 B@j[0AE]4(JK0AE]B�E/4�,WB(,/: 47*_: =<7: JK0@*eH[j�,/.10 E/0@<�E/0@=>=>: 47*k?@47*1=X,WB�*[,	�I`78;.10AE/09B�= �;B�F1FDE/4)3D: QRB(,/0@=^,/.10;*\ND,>E/: 0@*[,3?@47*[,/0@*[,U4�2I,/.106 : ,>,/0AE]6 B@j[0AE]: *k,/.10-FDE/0@?@09CD: *1<Z<�EWB�=>=>6 B�*OCaf�SB�H16 0k�(�[f �(©e: 6 6 N1=X,>EWB(,/0@=V,/.10P6 B(E/<70GJ7B(E/: B(,/: 47*"043D: =X,VHI0A,+8�0@0@*_,/.10�B�Qe47N1*[,/=]4�2U*\ND,>E/: 0@*[,/=,/.OB(,-QRB@j_HI0Z: QeQe47H1: 6 : <@09C_: *�,/.10G6 : ,>,/0AEP6 B@j[0AE/=V4�2]� b5�1 \�Z§/¦O[Wb��/¦[d>¦ 254�E/0@=X,/=P4�2�=>: Qe: 6 B(E�B�<707f}14�EZ: *1=X,WB�*1?@07`�,/.10RT ?@47*[,/0@*[,G4�2],/.10R6 : ,>,/0AEZ6 B@j[0AEZ: *«�)(O�7�kj[09B(EG476 C%254�E/0@=X,/=GEWB�*1<709C%2 E/47Q�K�e,/4"�9�7�kª\<k.OB 698 8;: ,/.�B�*�B9JK0AEWB�<70Z4�2 �\�Zª\<R.OB 698 fG�\: Qe: 6 B(EPCD: Da0AE/0@*1?@0@=V8�0AE/0G47H1=>0AE/JK09C254�E-,/.10G4�,/.10AEP*\ND,>E/: 0@*[,/=@fZ�\47Qe0G4�2�,/.10@=>0GJ7B(E/: B(,/: 47*1=PQRB@j_HI0G043DF16 B�: *109C�H[j"CD: Da0AE/0@*1?@0@=-: *CD0@*1=>: ,+j�B�*OCk?@47QeFI47=>: ,/: 47*Y4�2^,/.10VN1*OCD0AE/<�E/498 ,/.gf
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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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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
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I-� ���P?@47*1?@0@*[,>EWB(,/: 47*�<7: JK0@*_: *��SB�H16 0k�9�\f �e254�EV,/.10�FDE/0ALM?AjD?@6 47*10PFI0AE/: 4\C"QRB@jk,/.10AE/0A254�E/0GHI0=>0AE/: 47N1=>6 jY4(JK0AE/0@=X,/: QRB(,/09C 8 f��.10�?@47*1?@0@*[,>EWB(,/: 47*1=e4�2-B�6 6 ?@47*1=X,/: ,/N10@*[,/=Z: *«FDE/0ALPB�*OC�FI47=X,>LM?AjD?@6 47*10kEWB�: *�8 B(,/0AEZ8�0AE/0043\,>E/0@Qe0@6 jG6 498-`[8;: ,/.Z8�0@: <7.[,/09CeB9JK0AEWB�<70@=U4�2i|U��EWB�*1<7: *1<V2 E/47Q �)(D� 5 �G?@Q7698�254�EU,/.10 : *16 B�*OCEWB�: *D2�B�6 6\=X,WB(,/: 47*1=SB(,��&6 0@476 0@<KB&B�*OC-�iN16 B�=>0A8 B\`7,/4 1)(\� 5 �V?@Q 698 254�ES,/.10�Qe4�E/03?@4KB�=X,WB�6[=X,WB(,/: 47*1=B(,S,/.10U�-4�E/47ª\N16 B&B�*OCP�-4�E/47QRB�*1:[=>: ,/0@=;~M�\0@0�}S: <7NDE/0;�[f �7�Wf���.10AE/0A254�E/0�,/.10�|U��=>.1498�09C�B�~�JK0AE>j8�09B�ª1�V*10@<KB(,/: JK0e,>E/0@*OC�8;: ,/.�CD: =X,WB�*1?@0e2 E/47Q ,/.10e4[?@09B�*gf_��.1: =�QRB@j�HI0RB�=>?AE/: HI09C%,/4Y6 498�0AE?@47*1?@0@*[,>EWB(,/: 47*1=�4�2iTVBPB�*OCR�U6I: *eEWB�: *e8 B(,/0AE ?@476 6 0@?A,/09CkB(, : *16 B�*OCe=X,WB(,/: 47*1=@`\FI47=>=>: H16 jkB�6 =>4GB�=BGE/0@=>N16 ,V4�23CD: 6 ND,/: 47*"CDN10-,/4Z,/.10P: *1?AE/09B�=>0�4�2�EWB�: *D2�B�6 6^B�Qe47N1*[,/=;8;: ,/."CD: =X,WB�*1?@0-,/4Z,/.10P?@4KB�=X,~ §4i9c �%0@: ?X0AE/=]B�*OC6g3N1<�,/=@`a�9�7�7���a�[,/N1: ?+2 <9B�*OCa`i�9�7�7�K�Wf��.10]?W.10@Qe: ?9B�6O?@47QeFI47=>: ,/: 47*R4�2aEWB�: *e8 B(,/0AE�?@476 6 0@?A,/09CkB(, B�*[jZ6 4[?9B(,/: 47*kQRB@jGJ7B(E>jZ?@47*1=>: C\L0AEWB�H16 j�8;: ,/.G,/: Qe0;B�*OCGCD0@FI0@*OCD=�47*G,/.10 B�Qe47N1*[,�4�2IEWB�: *D2�B�6 6S~�CD: 6 ND,/: 47*Z04Da0@?A,9`78 B�=>.1: *1<-47ND,34�2B�0AE/47=>476 =W�W`a,/.10P6 0@*1<�,/._4�2�,/.10PFDE/0@?@09CD: *1<kC\E>j�FI0AE/: 4\C�~�B�?@?@N1QGN16 B(,/: 47*_4�2UC\E>jYCD0@FI47=>: ,/: 47*I�]B�=
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$�"G�^�!��"E�<��"G�<%�"�� ��$�� �!��"' ) ?=0 F 8:9�;^�4"\��$��4"\-/$��&%��R- �4�N1 $�"G$�F ,�� �!�<$�F���%��&%<��� �!��"\F �4?6�4�!'
) ?=0 F 8:9�;2f#�<���(��%(' D���"G���4"30E�<��"G�<%�"�� ��$�� �!��"'^�4" '7%<$�-/$��&%��X$�"G� ��%��(�4S�%<� ���<%<$�"��!� �<��"�B
� �(�!K��C� �!��"'*>����^%<$��<1E�<��"'(� �4� ��%�"��=$�����%<�R>����^�<��?ID�$��(�@'7��"Gc �Q"G$�F ,2'7%(' �+>U��$��4"E-/$��&%��
�<��F4F %<���&%<�U$+><�&%��O�N1%�D�$2'<'7$70Y% �+>O��,���F ��"G%OVW�4"G$R��% DG��%('7%�"��/'(�4"30�F %='7$�?IDGF %('7c

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



� ��� �������	��
���2��� � �!����"#
��$���������	
 � "#���$����
��

0 10 20 30 40 50 60 70 80 90 100
Rainfall amount [mm]

0

10

20

30

40

50

60

E
C

 [
uS

 c
m

-1
]

A
A

A
AA

A

AAA

A

A

A

AA

A

AB

B

B

BBB
B B

B

B

B
C

CCC C C
C

C C

A: Tulasewa
B: Korokula
C: Koromani

��� ���	���  ���  �� �*e B&S�$�F ��%('^�4" ��$��4" -/$��&%��=><����? '(�4"30�F %^'(�&���(? %�S�%�"��!'Z"G%<$��^�N1% �C�CB
F $2'7%�-/$2f � ������5��CF $Z$�"G� � ������?R$�"���>�����%('(�:DGF ���!'J$70Y$��4"'(�I�<���(��%(' D���"G���4"30#'(�&���(? '(� ��%('7c

8�0@6 6aB�=�47*e8;: *OCe=>FI0@09C_~�?AjD?@6 47*10@=W�Wf3��.10&|U�«4�2gEWB�: *R8 B(,/0AE�?@476 6 0@?A,/09C�CDNDE/: *1<-FI0AE/: 4\CD=U8;: ,/.DL47ND,U?AjD?@6 47*10@=�CD0@?AE/09B�=>09CZ8;: ,/.e,/.10;=X,/4�E/Q =>: <@0VB�=U=>.1498;*R: *R}S: <7NDE/0P�9�\f �7fU|U�3LMJ7B�6 N10@=U<�E/09B(,/0AE,/.OB�*%�9� 5 ��?@Q7698;8�0AE/0�*14�,&47H1=>0AE/JK09Ck8;.10@*YEWB�: *D2�B�6 6^043D?@0@09CD09C_�K©*(�+K�RQeQYf |U�3LMJ7B�6 N10@=]4�2EWB�: *D2�B�6 6�`a?@476 6 0@?A,/09CY: *_?@6 09B�*_?@47*[,WB�: *10AE/=�~�*14eC\E>jYCD0@FI47=>: ,/: 47*I�;CDNDE/: *1<Z6 B(E/<70�=X,/4�E/Qe=;: *YTVB7CD:EWB�*1<709CRHI0A,+8�0@0@*Y�V,/4Z� 5 �e?@Q7698AfU�\N1?W.R6 498 |U�3LMJ7B�6 N10@= : *REWB�: *D2�B�6 6I8�0AE/0-B�6 =>4G47H1=>0AE/JK09CRH[j�YB�6 Qe0AE�~X�9�7�7�K� : *YBG?9B(,/?W.1Qe0@*[,;=X,/NOC\jR: *"�DB�HOB�.g`O�YB�6 B@jD=>: B\f
��,U,/.10].10@: <7.[,�4�2i?AjD?@6 47*10-�\: *OB-6 B(E/<70VB�Qe47N1*[,/=U4�2i=>09BP=>FDEWB@jZ8�0AE/0&?9B(E>E/: 09CR: *16 B�*OCaf���.1: =E/0@=>N16 ,/09C%: *%QRB)?X4�EG: *1?AE/09B�=>0@=G: *%,/.10e?@47*1?@0@*[,>EWB(,/: 47*1=G4�2;TVB\`��Z`^��<D`���B\`U�U6�B�*OC��1�!KZ: *EWB�: *v8 B(,/0AEk?@476 6 0@?A,/09C B(2 ,/0AEk,/.10Y?AjD?@6 47*10_0@JK0@*[,9`;B�=R=>.1498;* : * �SB�H16 0%�9�\f �\f���.10_.1: <7.10@=X,?@47*1?@0@*[,>EWB(,/: 47*1=]8�0AE/0�2547N1*OC_B(,V�-4�E/47ª\N16 BZ254�E/0@=X,V8;.1: ?W.Y8 B�=V6 4[?9B(,/09C�B(,-BRCD: =X,WB�*1?@0�4�236 0@=>=,/.OB�* ��ª\Q 2 E/47Q ,/.10_?@4KB�=X,9f I&0AE/0Y,/.10_|U� 4�2VEWB�: * 8 B(,/0AEk: *1?AE/09B�=>09Cv2 E/47Q B�8�0@: <7.[,/09CB9JK0AEWB�<70e4�2�1 5 �"?@Q7698-254�E�FI0AE/: 4\CD=-8;: ,/.147ND,�?AjD?@6 47*10@=-,/4��(��� 5 ��?@Q7698PB(2 ,/0AEP,/.10e0@JK0@*[,9f��.10�CD0@FI47=>: ,/: 47*�4�21=>09B]=>FDEWB@jPCDNDE/: *1< ,/.1030@JK0@*[,^CD0@?AE/09B�=>09C-8;: ,/.P,/.10UCD: =X,WB�*1?@032 E/47Q ,/.103?@4KB�=X,B�*OCR|U�3LMJ7B�6 N10@=U4�23�9�7� 5 �Z?@Q7698�B�*OCR��� 5 �Z?@Q769838�0AE/0]47H1=>0AE/JK09CZ254�E�EWB�: *e8 B(,/0AE ?@476 6 0@?A,/09CB(,Z,/.10k�-4�E/47QRB�*1: B�*OCv�&6 0@476 0@<KB�=>: ,/0@=@`UE/0@=>FI0@?A,/: JK0@6 j[f@EU0@?9B�N1=>0�,/.10R25N1*1*10@6�4�2&,/.10k<KB�N1<70B(,-,/.10e�iN16 B�=>0A8 B�254�E/0@=X,G=>: ,/0G8 B�=�H16 498;*%B@8 B@j%CDNDE/: *1<k,/.10Z?AjD?@6 47*10Z*14�=/B�QeF16 0@=P?@47N16 C�HI0?@476 6 0@?A,/09Caf I&498�0@JK0AE9`g|U�tQe09B�=>NDE/0@Qe0@*[,/=;4�23,/.DE/47N1<7.D2�B�6 6^B(2 ,/0AEV,/.10P?AjD?@6 47*10k~M�\0@?A,/: 47*��9�\f +[�=>N1<7<70@=X,/09C_,/.OB(,&,/.10G|U� 4�2UEWB�: *_8 B(,/0AEPB(,P�iN16 B�=>0A8 BkQGN1=X,&.OB9JK0�HI0@0@*"?@47*1=>: CD0AEWB�H16 j"6 498�0AE,/.OB�*_,/.147=>0GQe09B�=>NDE/09C"B(,-�-4�E/47ª\N16 Bk4�E-�-4�E/47QRB�*1:�f-T&4k=>N1?W.": *1?AE/09B�=>0@=P: *"?@47*1?@0@*[,>EWB(,/: 47*1=8�0AE/0-47H1=>0AE/JK09Ck254�E;EWB�: *D2�B�6 6^B�=>=>4[?@: B(,/09CY8;: ,/.�,/.10VFOB�=>=/B�<70�4�2^?AjD?@6 47*10-�&B�0-: *"�YB(E/?W.g`g�9�7�7�\`CDNDE/: *1<�8;.1: ?W.v8;: *OCv=>FI0@09CD=R: *t�[� g&: ,/:&�g0@J\Nv8�0AE/0_QGN1?W.«6 498�0AE�,/.OB�*«,/.147=>0_47H1=>0AE/JK09CCDNDE/: *1<G?AjD?@6 47*10��\: *OB�~M�\0@?A,/: 47*"�[f +Df +[�Wf
��.10G4[?@09B�*1: ?Z?@47*[,>E/: H1ND,/: 47*1=&4�2U: 47*1=V: *"EWB�: *_8 B(,/0AE9`g043DFDE/0@=>=>09C�B�=-BeFI0AE/?@0@*[,WB�<70G4�23,/.10,/4�,WB�6�`IB(E/0P=>.1498;*"�SB�H16 0e�9�\f �eB�=;8�0@6 6�f]��B�6 ?@N16 B(,/: 47*"4�2�043D?@0@=>=]?@47*1?@0@*[,>EWB(,/: 47*1=;254�E&FDE/0ALUB�*OCFI47=X,>LM?AjD?@6 47*10�EWB�: *v8 B(,/0AEk=>.1498�09C�,/.OB(,RTVB%B�*OCv��<%4�E/: <7: *OB(,/09Cv2 E/47Q QRB(E/: ,/: Qe0�=>47NDE/?@0@=043D?@6 N1=>: JK0@6 j[f]��09B�=>NDE/09C���<R?@47*1?@0@*[,>EWB(,/: 47*1=]8�0AE/0�6 498�0AE&,/.OB�*Y043DFI0@?A,/09Ca`I0@=>FI0@?@: B�6 6 j"B(,],/.10?@4KB�=X,WB�6O=X,WB(,/: 47*1=3254�EU8;.1: ?W.ZJ7B�6 N10@=3N1FG,/4Z�(�7�;:�8�0AE/0;?9B�6 ?@N16 B(,/09Caf�I&498�0@JK0AE9`K?@47*1?@0@*[,>EWB(,/: 47*1=4�2i��<-8�0AE/0;?@6 47=>0;,/4V,/.10]CD0A,/0@?A,/: 47*e6 : Qe: ,9`[B�*OCG,/.10;B7C=?XN1=X,/Qe0@*[,3: *Z?@47*1?@0@*[,>EWB(,/: 47*e*10@?@0@=>=/B(E>j,/4_47HD,WB�: *«B��9�7�W: QRB(E/: ,/: Qe0e4�E/: <7: *�8 B�=�8;: ,/.1: *%,/.10eEWB�*1<70R4�2;,/.10RQRB=3D: QGN1Q B�*OB�6 j\,/: ?9B�60AE>E/4�EZ<7: JK0@*�: *��SB�H16 0"�9�\f �[f��]=�=>N1?W.�: ,Z?9B�*�HI0R=/B(250@6 j�B�=>=>N1Qe09C�,/.OB(,ZB�6 6;��<": *%EWB�: *D2�B�6 68 B�=ZCD0AE/: JK09C�2 E/47Q 4[?@09B�*1: ?k=>47NDE/?@0@=@f���B\`U�1�!KRB�*OC�� 4�E/: <7: *OB(,/09C�FOB(E>,/6 j�2 E/47Q QRB(E/: ,/: Qe0B�*OC�FOB(E>,/6 j�2 E/47Q ,/0AE>E/0@=X,>E/: B�6]=>47NDE/?@0@=@`�8;.10AE/09B�=Z,/.10�4�,/.10AER?@47*1=X,/: ,/N10@*[,/=e4�E/: <7: *OB(,/09C�2 E/47Q,/0AE>E/0@=X,>E/: B�6�=>47NDE/?@0@=�043D?@6 N1=>: JK0@6 j[fY��.10e?@47*[,>E/: H1ND,/: 47*%4�2;?9B(,/: 47*1=�,/4�,/.10R��.P��CD0@?AE/09B�=>09C%: *
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,/.10&25476 6 498;: *1<k4�EWCD0AE]TVB � T I!K � � ����< ����B ���\:�fU��.10AE/0A254�E/0P,/.10-B7C1CD: ,/: 47*Y4�2�T I!KB�*OC-�v2 E/47Q�,/0AE>E/0@=X,>E/: B�6D=>47NDE/?@0@=^: *�EWB�: *P8 B(,/0AE�?W.OB�*1<709C-,/.10U?9B(,/: 47*1: ? =>09h[N10@*1?@0�B�=S?@47QeFOB(E/09C,/4R,/.OB(,-: *�=>09B@8 B(,/0AE9f	.VN1=X,VFOB(E>,/: ?@6 0@=-254�E/Q�,/.10�QRB�: *",/0AE>E/0@=X,>E/: B�6�=>47NDE/?@0Z4�2;�\:^: 47*1=PB�*OC"B<74[4\Ck?@4�E>E/0@6 B(,/: 47*�8;: ,/.�?@47*1?@0@*[,>EWB(,/: 47*1= 4�2^��4�E&��B�=>.147N16 CRHI0V47H1=>0AE/JK09CR: 2i,/.10@=>0V.OB7CRHI0@0@*CD0AE/: JK09C�2 E/47Qn,/.10]CD: =>=>476 ND,/: 47*R4�2i=>N1?W.ZFOB(E>,/: ?@6 0@=@f�I&498�0@JK0AE9`\�]=>=>0@*\HI0AE/<e~X�9�7�7�K�347H1=>0AE/JK09CZ*14?@4�E>E/0@6 B(,/: 47*YHI0A,+8�0@0@*_�\:gB�*OCk� 4�E&��BG: *kEWB�: *�8 B(,/0AE;?@476 6 0@?A,/09CY: *k,/.10-�&6 0@476 0@<KBZ?9B(,/?W.1Qe0@*[,B�*OCk=>N1<7<70@=X,/09C�,/.OB(,;H1: 476 47<7: ?9B�6^=>47NDE/?@0@=]QRB@jR.OB9JK0VFDE/4(J\: CD09Ck,/.10V043D?@0@=>=;?@47*1?@0@*[,>EWB(,/: 47*1=]4�2,/.10@=>0�?@47*1=X,/: ,/N10@*[,/=@fP��.10�: QeFI4�E>,WB�*1?@0�4�2�T I!KP: *_,/.10�?9B(,/: 47*1: ?Z=>09h[N10@*1?@0GB�6 =>4kFI47: *[,/=&,/4kBH1: 476 47<7: ?9B�6S=>47NDE/?@07f
�]=VBZE/0@=>N16 ,V4�2�,/.10�6 B(E/<70G?@47*[,>E/: H1ND,/: 47*1=&4�23=>09BR=>FDEWB@jY: *"?AjD?@6 47*10PEWB�: *_8 B(,/0AE&,/.10�QRB(E>L: ,/: Qe0P?@47*[,>E/: H1ND,/: 47*1=&4�2 ��B\`g�Z`g�1�!K�`�I-� ����B�*OC"�U�!KP: *1?AE/09B�=>09C"?@47*1=>: CD0AEWB�H16 j_?@47QeFOB(E/09C,/4_,/.147=>0�: *�FDE/0AL-B�*OC�FI47=X,>LM?AjD?@6 47*10kEWB�: *D2�B�6 6�f�=>: Qe: 6 B(E/6 j[`�,/.10RE/0@6 B(,/: JK0�: QeFI4�E>,WB�*1?@0k4�2],/.10?9B(,/: 47*1= CD0@?AE/09B�=>09Ck: *R,/.10]4�EWCD0AE TVB �t��< � � �t��B � T I!K �t�\:OE/0@=>0@QGH16 : *1<�Qe4�E/0;,/.OB(,47H1=>0AE/JK09Ck: *Y=>09B@8 B(,/0AE9f
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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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�%0@: <7.[,/09CYB9JK0AEWB�<70PJ7B�6 N10@=;4�23|U�]`OF�I B�*OC�: 47*Y?@47*1?@0@*[,>EWB(,/: 47*1=]4�2^,/.10V,/.DE/47N1<7.D2�B�6 6i?@476 L6 0@?A,/09C�: *�,/.10Y�iN16 B�=>0A8 B\` �-4�E/47ª\N16 B�B�*OC��-4�E/47QRB�*1:�254�E/0@=X,kF16 4�,/=@` B�*OC%,/.OB(,e4�2V=X,/0@Q0,O498?@476 6 0@?A,/09Ct: * ,/.10��iN16 B�=>0A8 B�254�E/0@=X,"F16 4�,_B(E/0�FDE/0@=>0@*[,/09C : *��SB�H16 0��9�\f ©[f�gUB�6 N10@=k254�EY,/.10?AjD?@6 47*10Y0@JK0@*[,RB(E/0YHOB�=>09C«47*v=>: *1<76 0_=/B�QeF16 0@=@ft�^E/0ALM?AjD?@6 47*10�,/.DE/47N1<7.D2�B�6 6]=/B�QeF16 0@=e: *«,/.10�-4�E/47QRB�*1:I254�E/0@=X,&F16 4�,;8�0AE/0P?@476 6 0@?A,/09C_CDNDE/: *1<G,/.10-C\E>jk=>09B�=>47*_47*16 jYB�*OCkQRB@jR,/.10AE/0A254�E/0PHI0
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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

6 0@=>=3E/0@FDE/0@=>0@*[,WB(,/: JK07f��]6 ,/.147N1<7.Z,/.10 ?@47*1?@0@*[,>EWB(,/: 47*1=U: *Z,/.DE/47N1<7.D2�B�6 618�0AE/0].1: <7.10AE3,/.OB�*Z,/.147=>0: *�EWB�: *D2�B�6 6�`IQe47=X,;?@47*1=X,/: ,/N10@*[,/= E/0@QRB�: *109Ck?@6 47=>0-,/4G,/.10-CD0A,/0@?A,/: 47*Y6 : Qe: ,9`1: QeF16 jD: *1<�,/.OB(, ,/.100AE>E/4�E/=;: *�,/.10VFDE/0@=>0@*[,/09CkJ7B�6 N10@=;QRB@jk=X,/: 6 6gHI0-?@47*1=>: CD0AEWB�H16 07f��.10k: *1?AE/09B�=>0�: *�Qe09B�*�|U�n4�2;,/.DE/47N1<7.D2�B�6 6�?@47QeFOB(E/09C�,/4_,/.10R?@4�E>E/0@=>FI47*OCD: *1<_EWB�: *D2�B�6 6?@47N16 C_HI0ZB(,>,>E/: H1ND,/09C_QRB�: *16 j�,/4k: *1?AE/09B�=>0@=-: *_,/.10�?@47*1?@0@*[,>EWB(,/: 47*1=V4�2�TVB\`a�Z`i�U6�B�*OC��1�!K�f��.10 |U�%CD0@?AE/09B�=>09CZB�<KB�: *G8;: ,/.ZCD: =X,WB�*1?@0U2 E/47Q�,/.10U4[?@09B�*g`K?@4�E>E/0@=>FI47*OCD: *1<&8;: ,/.ZCD0@?AE/09B�=>0@=�: *,/.10U?@47*1?@0@*[,>EWB(,/: 47*1=S4�2O?@47*1=X,/: ,/N10@*[,/=S4�2OQRB(E/: ,/: Qe034�E/: <7: *gf3��.1: =S,>E/0@*OCV8 B�=^Qe4�E/0UFDE/47*147N1*1?@09C: *�,/.DE/47N1<7.D2�B�6 6g,/.OB�*k,/.OB(,]: *�EWB�: *D2�B�6 6SFDE/0@=>N1QRB�H16 jkHI0@?9B�N1=>0-4�2^,/.10-Qe4�E/0V0��e?@: 0@*[,;,>EWB�F1F1: *1<4�2I=>09B&=>FDEWB@j�H[j-,/.10U254�E/0@=X,3?9B�*147F[jGB�=^?@47QeFOB(E/09CP,/4],/.10UEWB�: *Z<KB�N1<707f���.10 F�I«4�2O,/.DE/47N1<7.D2�B�6 68 B�=]=>: Qe: 6 B(E;,/4G,/.OB(,;4�2^,/.10V?@4�E>E/0@=>FI47*OCD: *1<GEWB�: *D2�B�6 6�f��.10Y.1: <7.10AEe: 47*v?@47*1?@0@*[,>EWB(,/: 47*1=e: *�,/.DE/47N1<7.D2�B�6 6;?@47N16 C�HI0�043DF16 B�: *109C�47*16 j�FOB(E>,/6 j�H[j0@J7B�FI4�EWB(,/: 47*�6 47=>=>0@=�2 E/47Q ,/.10Z8�0A,�?9B�*147F[j[fY�g09B�?W.1: *1<_4�2;: 47*1=P2 E/47Q ,/.10e?9B�*147F[j[`S: *%?@47QZLH1: *OB(,/: 47*Y8;: ,/.Y,/.10-.1: <7.10AE],>EWB�F1F1: *1<Z0��e?@: 0@*1?Aj_B�6 E/09B7C\j�E/0A250AE>E/09C�,/4e?@47*1=X,/: ,/ND,/0PBZF16 B�N1=>: H16 0043DF16 B�*OB(,/: 47*R254�E�,/.10]043D?@0@=>=U?@47*1?@0@*[,>EWB(,/: 47*1=@fU��.1: =U8 B�=�=>N1F1FI4�E>,/09CeH[jG,/.10;2�B�?A,�,/.OB(,�*14�, B�6 6?@47*1=X,/: ,/N10@*[,/=^=>.1498�09CG=>: Qe: 6 B(EU: *1?AE/09B�=>0@=3: *G?@47*1?@0@*[,>EWB(,/: 47*1=3B(2 ,/0AEU?@4�E>E/0@?A,/: 47*Z254�E30@J7B�FI4�EWB(,/: JK06 47=>=>0@=Z~��SB�H16 0R�9�\f �K�WfV��.10P47*16 jY?@47*1=X,/: ,/N10@*[,&=>.1498;: *1<kJK0AE>j�6 : ,>,/6 0�J7B(E/: B(,/: 47*": *Y,/.10@=>0PEWB(,/: 47=HI0A,+8�0@0@*Y=>: ,/0@=VCDNDE/: *1<ZHI4�,/.YFDE/0AL�B�*OC�FI47=X,>LM?AjD?@6 47*10-FI0AE/: 4\CD=;8 B�=-�1�!K�f��&B(,/: 47=]4�2 �7f �G8�0AE/02547N1*OCk254�E],/.10-FI47=X,>LM?AjD?@6 47*10-FI0AE/: 4\Ca`O=>N1<7<70@=X,/: *1<e,/.OB(,;6 09B�?W.1: *1<Z2 E/47Q ,/.10-?9B�*147F[j�?@47N16 C�HI0?@47*1=>: CD0AE/09CY*10@<76 : <7: H16 07fNI&0@*1?@0��1�!KVQRB@jkHI0P?@47*1=>: CD0AE/09Ck,/4eHI0PBZ?@47*1=>0AE/J7B(,/: JK0-?@47*1=X,/: ,/N10@*[,B�*OC_,/.10Z47H1=>0AE/JK09C": *1?AE/09B�=>0@=P: *�?@47*1?@0@*[,>EWB(,/: 47*1=P4�2;�1�!KG: *�FDE/0ALM?AjD?@6 47*10�,/.DE/47N1<7.D2�B�6 63?@47QZLFOB(E/09C«,/4�,/.147=>0": * ?@4�E>E/0@=>FI47*OCD: *1<%EWB�: *D2�B�6 6VQRB@j�HI0"B(,>,>E/: H1ND,/09C«,/4�,/.10_.1: <7.10AER,>EWB�F1F1: *1<0��e?@: 0@*1?AjR4�2g,/.10]254�E/0@=X,;?9B�*147F[je?@47QeFOB(E/09CZ,/4P,/.10]EWB�: *k<KB�N1<70Z~M��: 6 6 0AE dW��¦7¤ c `O�9�K�����I�^B(E/ªK0AE9`�9�;17�K�WfU��.10]EWB(,/: 47= 4�2^�1�!K]?@47*1?@0@*[,>EWB(,/: 47*1=�: *R,/.DE/47N1<7.D2�B�6 6gB�*OCZEWB�: *D2�B�6 6g=>N1<7<70@=X,/09Ce,/.OB(,U,/.10B�?A,/NOB�6�B(,/Qe47=>F1.10AE/: ?R*\ND,>E/: 0@*[,P: *1F1ND,/=-,/4Y,/.10Z254�E/0@=X,eCDNDE/: *1<�,/.10eFDE/0ALM?AjD?@6 47*10eFI0AE/: 4\C�8�0AE/0
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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

�\�\(�+[©;: .1: <7.10AE�,/.OB�*e,/.147=>0&HOB�=>09Ce47*REWB�: *k<KB�N1<70&=/B�QeF16 : *1<GB�*OCe<7: JK0@*k: *k�SB�H16 0��9�\f +Df���.10.1: <7.�EWB(,/: 4kB�=>=>4[?@: B(,/09CY8;: ,/.Y,/.10-?AjD?@6 47*10P0@JK0@*[,&B(,]�-4�E/47ª\N16 BZ: *OCD: ?9B(,/09C�,/.OB(,;,/.10-: *[,/0AE/?@0@FDL,/: 47*�4�2;=>09B_=>FDEWB@j%H[j�,/.10Z254�E/0@=X,G8 B�=�,/.DE/0@0e,/: Qe0@=�6 B(E/<70AEG,/.OB�*�,/.OB(,G?9B�N1<7.[,GH[j�,/.10ZEWB�: *<KB�N1<707f ��.10AE/0A254�E/0P,/.10PB(,/Qe47=>F1.10AE/: ?-: *1F1ND,/=]CDNDE/: *1<Z?AjD?@6 47*10G�\: *OB\`IB�=]<7: JK0@*Y: *_�SB�H16 0e�9�\f +D`8�0AE/0-=>0AE/: 47N1=>6 j�N1*OCD0AE/0@=X,/: QRB(,/09Caf
�]<KB�: *RB�=>=>N1Qe: *1<&,/.OB(,��1�!K�HI0@.OB9JK09CG?@47*1=>0AE/J7B(,/: JK0@6 j[`K6 09B�?W.1: *1<-4�2a: 47*1=�2 E/47Q ,/.10 ?9B�*147F[j4[?@?@NDE>E/09CR: 2S,/.10@: E�EWB(,/: 47=;043D?@0@09CD09Ce,/.OB(, 254�E&�1�!K�~��SB�H16 0G�9�\f �K�WfU)+*R,/.1: =U8 B@jk6 09B�?W.1: *1<G4�2^�Z`��<�B�*OCk�\:18 B�=�47H1=>0AE/JK09CRB(, B�6 6I=>: ,/0@=@`1B�6 ,/.147N1<7.R*14�,�0@JK0AE>j\8;.10AE/0&B(,U,/.10]=/B�Qe0;EWB(,/07`DCDNDE/: *1<HI4�,/.",/.10GFDE/0AL;B�*OC"FI47=X,>LM?AjD?@6 47*10ZFI0AE/: 4\CD=@fZ�g09B�?W.1: *1<�4�2�� B�6 =>4Y=>0@0@Qe09C_,/4k: *1?AE/09B�=>0Z8;: ,/.254�E/0@=X,]B�<707`D8;.10AE/09B�=�,/.10&47F1FI47=>: ,/0&8 B�=;47H1=>0AE/JK09Ce254�E&�\:�f3�g09B�?W.1: *1<G4�2���<�8 B�= FDE/47*147N1*1?@09CQe47=X,-: *",/.10G�-4�E/47ª\N16 BR254�E/0@=X,PF16 4�,9f	I&498�0@JK0AE9`g,/.10G.1: <7.�EWB(,/: 4k2547N1*OC_254�EP� : *��-4�E/47QRB�*1:254�E/0@=X,�QRB@j_E/04,O0@?A,�CD: Da0AE/0@*1?@0@=-: *�,/.10ZFI0AE/: 4\CD=P4�2�=/B�QeF16 : *1<�254�E-,/.DE/47N1<7.D2�B�6 6&~�C\E>j"=>09B�=>47*I�B�*OC%EWB�: *D2�B�6 6�~�C\E>j�B�*OC%8�0A,e=>09B�=>47*I�Wf �],/.10AE>8;: =>07`�HI4�,/.�FDE/0ALPB�*OC�FI47=X,>LM?AjD?@6 47*10�6 09B�?W.1: *1<EWB(,/0@=�8�0AE/0V2�B�: E/6 jY=>: Qe: 6 B(E;: *�,/.10&�-4�E/47ª\N16 BZB�*OCk�-4�E/47QRB�*1:I254�E/0@=X,]F16 4�,/=@fU��.10PC1B(,WBP254�E;,/.10�iN16 B�=>0A8 BZ254�E/0@=X,VF16 4�,]: *OCD: ?9B(,/09C�,/.OB(,-��BZ.OB7C�*14�,&HI0@0@*Y6 09B�?W.109C�2 E/47Q ,/.10-?9B�*147F[jYCDNDE/: *1<,/.10�FDE/0ALM?AjD?@6 47*10�FI0AE/: 4\Ca`�8;.10AE/09B�=e,/.10�6 09B�?W.1: *1<�EWB(,/0�8 B�=R=>: Qe: 6 B(Ee,/4�,/.147=>0Y47H1=>0AE/JK09CvB(,,/.10-4�,/.10AE]=>: ,/0@=VCDNDE/: *1<G,/.10-FI47=X,>LM?AjD?@6 47*10PFI0AE/: 4\Caf;�g09B�?W.1: *1<e4�2�TVBeB�*OC_�U6g8 B�=&.1: <7.10@=X,&: *�-4�E/47ª\N16 BP254�E/0@=X,VB�*OCk4[?@?@NDE>E/09CYB(,]QGN1?W.R6 498�0AE]EWB(,/0@=;: *Y�iN16 B�=>0A8 BeB�*OC��-4�E/47QRB�*1:I254�E/0@=X,/=@f�U�!KZ8 B�=�6 09B�?W.109C%2 E/47Q ,/.10e?9B�*147F[j%: *��iN16 B�=>0A8 B�B�*OC��-4�E/47QRB�*1:3254�E/0@=X,/=@`3H1ND,-254�EZ=>47Qe0N1*1ª\*1498;*RE/09B�=>47*�~�H1: 476 47<7: ?9B�6^B�?A,/: J\: ,+j��(��*14�,;: *Y�-4�E/47ª\N16 B�254�E/0@=X,9f
�U47*1?@0@*[,>EWB(,/: 47*1=G4�2;T-����`��U�!K7`��]6�`S,/4�,WB�6�}107`U��*�B�*OC�,/4�,WB�6���: *�HI4�,/.�EWB�: *D2�B�6 6 B�*OC,/.DE/47N1<7.D2�B�6 6i8�0AE/0�2 E/09h[N10@*[,/6 jYHI0@6 498�,/.10GCD0A,/0@?A,/: 47*"6 : Qe: ,/=&B�*OCY,/.10@: E]EWB(,/: 47=VQRB@j�,/.10AE/0A254�E/0*14�,-B�?@?@NDEWB(,/0@6 j_E/04,O0@?A,&,/.10GB�?A,/NOB�6�0@*DE/: ?W.1Qe0@*[,/=]: *_,/.DE/47N1<7.D2�B�6 6�fG�U47*1?@0@*[,>EWB(,/: 47*1=-4�2UT I!K�`B�*OCe4[?@?9B�=>: 47*OB�6 6 jYT-���(`D: *R,/.DE/47N1<7.D2�B�6 6I8�0AE/0&6 498�0AE ,/.OB�*R,/.147=>0&: *REWB�: *D2�B�6 6iB(2 ,/0AE;?@4�E>E/0@?A,/: 47*254�Ee0@J7B�FI4�EWB(,/: JK0�6 47=>=>0@=@f I&498�0@JK0AE9`U: ,e: =ZN1*16 : ªK0@6 j%,/.OB(,eT I!KR4�EeT-���R8�0AE/0k,WB�ªK0@*«N1F�H[j,/.10�?9B�*147F[j[f���.10AE/0A254�E/07`i,/.10GQe09B�=>NDE/09C_?@47*1?@0@*[,>EWB(,/: 47*1=V8�0AE/0Z0@: ,/.10AEV,/4[4�.1: <7.�: *�EWB�: *D2�B�6 6�`4�EZ?@47*1?@0@*[,>EWB(,/: 47*1=�8�0AE/0RE/09CDN1?@09C%: *�,/.DE/47N1<7.D2�B�6 6;B�=ZBYE/0@=>N16 ,Z4�2&H1: 476 47<7: ?9B�6]B�?A,/: J\: ,+j ~ d9c �[cN1FD,WB�ªK0eH[j%B�6 <KB�0(��: *%,/.10e,/.DE/47N1<7.D2�B�6 6 <KB�N1<70@=�~FE3E/N1: ?X*�<@0@0@6�`]�9�;17�7B�� �]: C1CD0AE dW�P¦7¤ c ` �9�;1K©7�Wf��.10&N1=>0&4�2i,/.10]?@4�E>E/0@=>FI47*OCD: *1<�EWB(,/: 4�254�E ,/4�,WB�6aTtQRB@jZ,/.10AE/0A254�E/0VHI0&Qe4�E/0VB�?@?@NDEWB(,/0]254�E ,/.10
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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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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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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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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
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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
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E�B�=>04,O498«=/B�QeF16 0@=i8�0AE/0�?@476 6 0@?A,/09CG4(JK0AES,/.10U*14�E/QRB�6KEWB�*1<70�4�2OHOB�=>04,O498vCD: =>?W.OB(E/<70V~��\f �\�\(\�\f �O+QeQt. 698W�aB�*OCV,/.103B9JK0AEWB�<70�CD: =>?W.OB(E/<70�B(,S=/B�QeF16 : *1<-~��\f �K�;>V�\f �\� QeQt. 698@`(EWB�*1<70U�\f �7�7�)(\�\f �7�7�QeQ . 698A�38 B�=;=>: Qe: 6 B(E],/4�,/.10&8�0@: <7.[,/09CYB9JK0AEWB�<70V254�E],/.10&8;.1476 0-FI0AE/: 4\CafU��.10PB9JK0AEWB�<70-?@47*DL?@0@*[,>EWB(,/: 47*1=�47HD,WB�: *109CZ2 E/47Q ,/.10@=>0]=/B�QeF16 0@=�B(E/0&FDE/0@=>0@*[,/09Ce: *k�SB�H16 0��9�\f �(�[f �U47*1?@0@*[,>EWB(,/: 47*1=4�2&�U�!K7`�,/4�,WB�6 �S`��]6�`UB�*OC�,/4�B_6 0@=>=>0AEe043\,/0@*[,�T-���kB�*OC�,/4�,WB�6 T�`i8�0AE/0�4�2 ,/0@*�HI0@6 498 ,/.10CD0A,/0@?A,/: 47*k6 : Qe: ,/=;B�*OCe,/.10]E/0@=>N16 ,/: *1<ZB9JK0AEWB�<70@=;QGN1=X,U,/.10AE/0A254�E/0VHI0],/4[4Z.1: <7.gf3��.10VCD47Qe: *OB�*[,: 47*k: *R=X,>E/09B�Q0,O498v8 B�=NI-� ����`[8;.1: ?W.�B�?@?@47N1*[,/09CZ254�E]���W:n4�2i,/.10]=>N1Q 4�2i: 47*1=@`\25476 6 498�09CkH[j�\:i~M���W:Z�W`\TVBZ~M�7�;:Z�W`1�U6S~��W:Z�W`D��<k~F1W:Z�W`D�1�!K-~/+�:Z�W`DB�*OCR��Be~��W:Z�Wf3�U47*[,>E/: H1ND,/: 47*1=3,/4V,/.10=>N1Q 4�23: 47*1=&H[jk,/.10P4�,/.10AE&?@47*1=X,/: ,/N10@*[,/=;8�0AE/0�6 0@=>=&,/.OB�*��=:Rf&��.10P=X,WB�*OC1B(EWC_CD0@J\: B(,/: 47*1=&4�2,/.10P?@47*1?@0@*[,>EWB(,/: 47*1=V4�23,/.10�QRB)?X4�EV: 47*1=&8�0AE/0P8;: ,/.1: *g`a4�E-?@6 47=>0�,/4D`I,/.10-EWB�*1<70G4�2�B�*OB�6 j\,/: ?9B�6
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VCM � '(�&$�"G��$����^��%�S��!$�� �!��"��*" �J"��C?RK<%�� �+>J'7$�?IDGF %(' ;Z�4" �N1% ��F %<��F % 0Y$ �<$��&�<13?R%�"��Q$�"G�
�N1%=��$�� �!�Z�+>O�<��"G�<%�"�� ��$�� �!��"'=�4" K<$2'7% �A��- �&�R�N1�2'7%O�4"RDG��%<��� DG�4�&$�� �!��"E)�� �� ��$�� �!�<;�c

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

0AE>E/4�E/=Z~��SB�H16 0k�9�\f �7�WfG��.10GHOB�=>04,O498n?@47QeFI47=>: ,/: 47*�QRB@j�,/.10AE/0A254�E/0ZHI0G?@47*1=>: CD0AE/09C"?@47*1=X,WB�*[,CDNDE/: *1<],/.10 FDE/0ALM?AjD?@6 47*10�FI0AE/: 4\Ca`\B�6 ,/.147N1<7.eB&=>09B�=>47*OB�61,>E/0@*OC�?@47N16 CGHI0 47H1=>0AE/JK09CP8;: ,/.Z=>47Qe0AL8;.OB(,]6 498�0AE&,/.OB�*_B9JK0AEWB�<70P?@47*1?@0@*[,>EWB(,/: 47*1=VCDNDE/: *1<G,/.10V8�0A,&=>09B�=>47*g`aB�*OC�=>47Qe0A8;.OB(,&.1: <7.10AE?@47*1?@0@*[,>EWB(,/: 47*1=]CDNDE/: *1<�,/.10PC\E>jk=>09B�=>47*gf
��.10GEWB(,/: 4Y4�2�?@47*1?@0@*[,>EWB(,/: 47*1=P: *�=X,>E/09B�Q0,O498 ~ �-�;,/4k,/.147=>0Z: *�EWB�: *D2�B�6 6]~��U�&FDE/4(J\: CD0@=-B<74[4\CY: *OCD: ?9B(,/: 47*_4�2�.1498 ,/.10-?@47QeFI47=>: ,/: 47*_4�2^,/.10V8 B(,/0AEV: =]B�6 ,/0AE/09C�8;.10@*_FOB�=>=>: *1<Z,/.DE/47N1<7.,/.10V0@?@47=XjD=X,/0@Q ~��g: ªK0@*1= dW� ¦7¤ c `g�9�K�7�7�Wf�|�J7B�FI4�,>EWB�*1=>F1: EWB(,/: 47*�E/09CDN1?@09Ck,/.10-B�Qe47N1*[, 4�2^8 B(,/0AE6 09B9J\: *1<;,/.10 �&6 0@476 0@<KB&?9B(,/?W.1Qe0@*[,SH[jPB 2�B�?A,/4�EU�\f +G~M�\0@?A,/: 47*	1\f �K�i?@47QeFOB(E/09C-,/4;EWB�: *D2�B�6 6D: *1F1ND,9f)M2�,/.1: =]8�47N16 C"HI0P,/.10P47*16 j_FDE/4[?@0@=>=PB�?A,/: *1<R,/4R?W.OB�*1<70P,/.10�?@47QeFI47=>: ,/: 47*�4�23,/.10PEWB�: *_8 B(,/0AE,/.10@*Y?@47*1?@0@*[,>EWB(,/: 47*1=]: *_=X,>E/09B�Q0,O498t8�47N16 C_B�6 6S: *1?AE/09B�=>0�H[j�BG2�B�?A,/4�E-�\f +Df]��.10 ��L��«EWB(,/: 47=254�E�I-� ���-B�*OC_��*�8�0AE/0V2�B�: E/6 jY?@6 47=>0-,/4G,/.1: =;J7B�6 N107`1H1ND, ,/.10&EWB(,/: 47=;254�E],/.10V4�,/.10AE]: 47*1=]CD0ALJ\: B(,/09C�=>N1H1=X,WB�*[,/: B�6 6 j[`O: *OCD: ?9B(,/: *1<Z,/.OB(,&4�,/.10AE]FDE/4[?@0@=>=>0@=G~ d9c �[c 8�09B(,/.10AE/: *1<D`IH1: 47<70@4[?W.10@Qe: ?9B�6FDE/4[?@0@=>=>0@=W�U8�0AE/0PB�?A,/: *1<�,/4Z?W.OB�*1<70&,/.10&?@47*1?@0@*[,>EWB(,/: 47*1=;4�2S,/.10@=>0V: 47*1=@fU��.10 ��L���EWB(,/: 47= 254�E�Z`ST I!KeB�*OC�,/4�,WB�6�T 8�0AE/0k6 498-`3=>N1<7<70@=X,/: *1<_,/.OB(,�,/.10@=>0R: 47*1=�8�0AE/0kB�?@?@N1QGN16 B(,/: *1<_: *%,/.10?9B(,/?W.1Qe0@*[,9`gFDE/0@=>N1QRB�H16 j": *�,/.10ZF1: *10ZH1: 47QRB�=>=V254�EP,/.1: =PB�?A,/: JK0@6 j�<�E/498;: *1<�254�E/0@=X,9fY�\: Qe: 6 B(EEWB(,/: 47=G8�47N16 C�HI0k043DFI0@?A,/09C%254�EeT-����`��U�!K�B�*OC%,/4�,WB�6;�S`3B�=G,/.10@=>0k?@47*1=X,/: ,/N10@*[,/=ZB(E/0YB�6 =>4=X,>E/47*1<76 j�: *-,ON10@*1?@09C"H[j�H1: 476 476 47<7: ?9B�6�FDE/4[?@0@=>=>0@=k~5��B(E/: *1<YB�*OC%�\?W.16 0@=>: *1<70AE9`U�9�;1K©7�W`^H1ND,P*14?@47*1?@6 N1=>: 47*1=G?@47N16 C%HI0kC\EWB@8;*�: *%,/.1: =PE/0@=>FI0@?A,ZHI0@?9B�N1=>0e,/.10@: EG?@47*1?@0@*[,>EWB(,/: 47*1=�8�0AE/0kHI0@6 498,/.10;CD0A,/0@?A,/: 47*e6 : Qe: ,/=3: *ZHI4�,/.ZEWB�: *D2�B�6 6IB�*OCZ=X,>E/09B�Q 8 B(,/0AE9f3��.10;=/B�Qe0 8 B�=�,>E/N10 254�E��]6�f ��L��EWB(,/: 47= 254�EV�\:�`O��<D`a��BGB�*OCkTVBP8�0AE/0-.1: <7.g`1.1498�0@JK0AE9`D: *OCD: ?9B(,/: *1<G,/.OB(, ,/.10@=>0V*\ND,>E/: 0@*[,/=U8�0AE/06 09B�?W.109CZ2 E/47Q ,/.10;?9B(,/?W.1Qe0@*[,9f^��.10&Qe47=X,U6 : ªK0@6 je=>47NDE/?@0]4�2g,/.10@=>0]0@6 0@Qe0@*[,/=U: =38�09B(,/.10AE/: *1<�4�2,/.10VFOB(E/0@*[, E/4[?Wª�B�*OCkFDE/: QRB(E>jkQe: *10AEWB�6 =;: *k,/.10V=>47: 6U~M�\0@?A,/: 47*7+Df +[�Wf
�^E/0ALM?AjD?@6 47*10eC1B(,WBk47*�,/.10G?W.10@Qe: =X,>E>j"4�2U,/.10ZHOB�=>04,O498 2 E/47Q�,/.10e�&6 0@476 0@<KBY?9B(,/?W.1Qe0@*[,9`B�*OCk2 E/47Q =>0@JK0AEWB�6i4�,/.10AE]254�E/0@=X,/09C_B�*OCY<�EWB�=>=>6 B�*OCY?9B(,/?W.1Qe0@*[,/=;: *�,/.10-=/B�Qe0�B(E/09B\`I?@476 6 0@?A,/09CCDNDE/: *1<V,/.10]C\E>jG=>09B�=>47*R4�23�9�7�7�\`DB(E/0]<7: JK0@*R: *R�SB�H16 0P�9�\f �9�\fU��.10]C1B(,WB-?@6 09B(E/6 je: *OCD: ?9B(,/0;,/.OB(,B=Da4�E/0@=X,WB(,/: 47*_CD: Ck*14�, E/0@=>N16 ,]: *�=>: <7*1: �O?9B�*[,;?W.OB�*1<70@=;: *k,/.10VHOB�=>04,O498 ?@47*1?@0@*[,>EWB(,/: 47*1=;4�2^�Z`�i4�,WB�6�T�`ST-����`U�U�!K�`U�i4�,WB�6 � B�*OC���*t~��:l �\f �K©7�Wf%�i4�,WB�6;� 8 B�= ?XN1=X,eB�HI4(JK0R4�EZHI0@6 498,/.10&CD0A,/0@?A,/: 47*k6 : Qe: ,;B(,;B�6 6a=>: ,/0@= B�*OCR043DFI4�E>,/=�4�2g,/.1: =�0@6 0@Qe0@*[, B(E/0&,/.10AE/0A254�E/0V6 498 HI4�,/.R2 E/47Q<�EWB�=>=>6 B�*OCtB�*OCv254�E/0@=X,Y?9B(,/?W.1Qe0@*[,/=@f �U47*1?@0@*[,>EWB(,/: 47*1=�4�2�T I!K�8�0AE/0�=>: <7*1: �O?9B�*[,/6 j .1: <7.10AE
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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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: *vHOB�=>04,O498z2 E/47Q ,/.10�254�E/0@=X,/09C TVB(E/N1ª\Nv?9B(,/?W.1Qe0@*[,Z,/.OB�*«2 E/47Q ,/.10Y)+J\: C1B�QGN«<�EWB�=>=>6 B�*OC?9B(,/?W.1Qe0@*[,9f I&498�0@JK0AE9`\,/.1: = QRB@jeE/04,O0@?A, 6 4[?9B�6g2�B�?A,/4�E/=;HI0@?9B�N1=>0&,/.10-CD: Da0AE/0@*1?@0&HI0A,+8�0@0@*k,/.10Qe09B�*1=&254�E-,/.10R�&6 0@476 0@<KBYB�*OC�)+J\: C1B�QGN"?9B(,/?W.1Qe0@*[,/=]8�0AE/0e*14�,-=>: <7*1: �O?9B�*[,9fJ.V: Da0AE/0@*1?@0@=-: *,/.10���<�B�*OC���B"?@47*1?@0@*[,>EWB(,/: 47*1=G2 E/47Q ,/.10RTVB(E/N1ª\N�B�*OC�)+J\: C1B�QGN%?9B(,/?W.1Qe0@*[,/=-8�0AE/0�*14�,=>: <7*1: �O?9B�*[,9`O=>N1<7<70@=X,/: *1<RB�<KB�: *Y,/.OB(,;,/.10-: QeFOB�?A,]4�2�B=Da4�E/0@=X,WB(,/: 47*"47*�,/.10-?@47*1?@0@*[,>EWB(,/: 47*1=]4�2,/.10@=>0e*\ND,>E/: 0@*[,/=P: *�HOB�=>04,O498 8 B�=�*10@<76 : <7: H16 07`�B�*OC�,/.OB(,�,/.10e47H1=>0AE/JK09C%CD: Da0AE/0@*1?@0@=�254�E�,/.104�,/.10AE;=>: ,/0@=]QGN1=X, HI0PCDN10&,/4eCD: Da0AE/0@*1?@0@=;: *�<70@476 47<�j[`1EWB(,/.10AE;,/.OB�*�JK0@<70A,WB(,/: 47*gf
I&498�0@JK0AE9` ?@47*1?@0@*[,>EWB(,/: 47*1=R4�2��1�!K�: *vHOB�=>04,O498 2 E/47Q ,/.10�254�E/0@=X,/09Cv?9B(,/?W.1Qe0@*[,/=G8�0AE/0=>: <7*1: �O?9B�*[,/6 j�.1: <7.10AE;,/.OB�*k,/.147=>0-2 E/47Q	,/.10-<�EWB�=>=>6 B�*OCY?9B(,/?W.1Qe0@*[,9`\8;.10AE/09B�=]?@47*1?@0@*[,>EWB(,/: 47*1=4�2;TVB_B�*OC��U6U8�0AE/0R=>: <7*1: �O?9B�*[,/6 j%6 498�0AE9f���.10@=>0kCD: Da0AE/0@*1?@0@=�?@47N16 C%*14�,GHI0RB(,>,>E/: H1ND,/09C�,/4CD: Da0AE/0@*1?@0@=U: *R<70@476 47<�jkB�*OCeQGN1=X,3,/.10AE/0A254�E/0]E/04,O0@?A, CD: Da0AE/0@*1?@0@=U: *e,/.10]H1: 47<70@4[?W.10@Qe: ?9B�6IFDE/4�L?@0@=>=>0@=�: *P254�E/0@=X,UB�*OC�<�EWB�=>=>6 B�*OCaf^� .1: 6 =X,^,/.103E/: =>0 : *e�1�!K3?@47*1?@0@*[,>EWB(,/: 47*ZQe: <7.[,^HI03E/0@6 B(,/09C�,/4.1: <7.10AE HOB�?A,/0AE/: 476 47<7: ?9B�6SB�?A,/: J\: ,+jR: *R,/.10]254�E/0@=X,/09C�B(E/09B�= ,/.10VC\E/47FR: *�TVB�B�*OCk�U6a: = Qe4�E/0VCD: 2 L�O?@N16 ,�,/4�043DF16 B�: *gfU�;2 ,/0AE;B�6 6�`OB�FI47=>: ,/: JK0V?W.OB�*1<70&8�47N16 CR.OB9JK0&HI0@0@*�043DFI0@?A,/09CR: *kJ\: 0A8t4�2i,/.106 B(E/<70AE-,>EWB�F1F1: *1<R0��e?@: 0@*1?Aj_254�E-QRB(E/: ,/: Qe0GB�0AE/47=>476 =P4�23,/.10�254�E/0@=X,-?9B�*147F[j�~ §4i9c �\0@?A,/: 47*��9�\f +47*Z,/.DE/47N1<7.D2�B�6 6O?W.10@Qe: =X,>E>jO�Wf^��.10;47*16 jZ043DF16 B�*OB(,/: 47*e,/.OB(,U47*10;: =U6 0A2 ,U8;: ,/.RB(,�FDE/0@=>0@*[,�8�47N16 CHI0RB�?@?@N1QGN16 B(,/: 47*%4�2;TVBYB�*OC��U6U: *�,/.10eH1: 47QRB�=>=�4�2 ,/.10Z254�E/0@=X,GH1ND,P8�0R6 B�?Wª",/.10RC1B(,WB�,/4=>N1H1=X,WB�*[,/: B(,/0&,/.1: =;=>N1F1FI47=>: ,/: 47*gf��=>09B�=>47*OB�6\,>E/0@*OCV8 B�=^47H1=>0AE/JK09CP: *P,/.10UFDE/0ALgB�*OCPFI47=X,>LM?AjD?@6 47*10UHOB�=>04,O498�?@47*1?@0@*[,>EWB(,/: 47*1=4�2G�U�!K�`V�i4�,WB�6VT B�*OC � 2 E/47Q ,/.10"<�EWB�=>=>6 B�*OCt?9B(,/?W.1Qe0@*[,9` 8;: ,/. E/0@6 B(,/: JK0@6 j .1: <7. 6 0@JK0@6 =B(,�,/.10�0@*OC 4�2�,/.10�C\E>j =>09B�=>47*g`PB�*OC 6 498 6 0@JK0@6 =_B(,�,/.10�0@*OC 4�2�,/.10"8�0A,_=>09B�=>47*gfz��.10FOB(,>,/0AE/*�?@4�E>E/0@=>FI47*OCD09C�8;: ,/.�,/.10�=>09B�=>47*OB�6;<�E/498 ,/.vFOB(,>,/0AE/*�4�2&,/.10k<�EWB�=>=>6 B�*OC«JK0@<70A,WB(,/: 47*~M�U.OB�FD,/0AE-�9�K�Wf3T&4Z=>N1?W.k,>E/0@*OCD=�8�0AE/0P47H1=>0AE/JK09CR254�E],/.10&254�E/0@=X,/09CY?9B(,/?W.1Qe0@*[,/=@f
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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
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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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BZnMnMgCaKPNAgeLocation

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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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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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



 ��� ��� �	&�� � �4� ����� &!��
 � �!����"#
��$�%� ����� "#� � � # !
2�B�6 61B�Qe47N1*[,/=^CDNDE/: *1<],/.10UFI47=X,>LM?AjD?@6 47*10�FI0AE/: 4\C�~��SB�H16 0 �\f �K�^B(,^,/.10��-4�E/47ª\N16 B&B�*OC��-4�E/47QRB�*1:F16 4�,/=]8�0AE/0e�*(O�9�W:z6 498�0AEV,/.OB�*_,/.10�?@4�E>E/0@=>FI47*OCD: *1<k6 47*1<�L�,/0AE/Q�B9JK0AEWB�<70�254�E-TVB�HI47N"=X,WB(,/: 47*~��SB�H16 0 �\f �7�W`78;.1: ?W.�8;: 6 6D.OB9JK0U6 : Qe: ,/09CP*\ND,>E/: 0@*[,^6 47=>=>0@=�J\: B&C\EWB�: *OB�<70�,/4&=>47Qe0U043\,/0@*[,�B(,^,/.10@=>0=>: ,/0@=�?@47QeFOB(E/09C�,/4Y,/.147=>0e,/.OB(,�8�47N16 C%.OB9JK0e4[?@?@NDE>E/09C�8;: ,/.�Qe4�E/0ZE/0@FDE/0@=>0@*[,WB(,/: JK0eEWB�: *D2�B�6 6?@47*OCD: ,/: 47*1=@f���.10 ?@47*\JK0AE/=>0U8 B�=�,>E/N10U254�EU*\ND,>E/: 0@*[,^6 47=>=>0@=3J\: BVC\EWB�: *OB�<70]B(,�,/.10 �iN16 B�=>0A8 BV=>: ,/07`8;.10AE/0;FI47=X,>LM?AjD?@6 47*10 EWB�: *D2�B�6 6O8 B�=�+[�;:�.1: <7.10AEU,/.OB�*G,/.10;?@4�E>E/0@=>FI47*OCD: *1<P6 47*1<�L�,/0AE/Q B9JK0AEWB�<707f��.10U*\ND,>E/: 0@*[,S0@*DE/: ?W.1Qe0@*[,S4�21,/.10U=>47: 6\47*103j[09B(E�B(2 ,/0AE^,/.10U?AjD?@6 47*10U0@JK0@*[,9`�: *�?@47QGH1: *OB(,/: 47*8;: ,/.�,/.10G25NDE>,/.10AE-E/0@6 09B�=>0R4�2 *\ND,>E/: 0@*[,/=-B�?@?@N1QGN16 B(,/09C": *�,/.10Z6 : ,>,/0AE�6 B@j[0AE9`S=>0@0@Qe=-=>N �e?@: 0@*[,,/4RHOB�6 B�*1?@0G,/.10P254�E/0@=X,P*\ND,>E/: 0@*[,&N1FD,WB�ªK0P254�EPB(,-6 09B�=X,�B�*14�,/.10AE&j[09B(E9f��]=&=>N1?W._,/.10�04Da0@?A,-4�2BZQRB)?X4�E&?AjD?@6 47*10P47*Y,/.10P: *[,>EWB(LM=XjD=X,/0@Q *\ND,>E/: 0@*[,;?AjD?@6 0�QRB@jk6 B�=X,V=>0@JK0AEWB�6ij[09B(E/=@`ICD0@FI0@*OCD: *1<47*k,/.10-B�Qe47N1*[, 4�2�C1B�QRB�<70-B=Me: ?A,/09CR,/4G,/.10&254�E/0@=X,�~�CD0@?AE/09B�=>0-: *�=X,/4[?Wª\: *1<[� B�*OCR,/.10]EWB(,/0-4�2CD0@?@47QeFI47=>: ,/: 47*Y4�2S,/.10V?AjD?@6 47*10PCD0@HDE/: =@f�\N1?W. CD: =XE/N1FD,/: 47*1=k4�2-,/.10_: *[,>EWB(LM=XjD=X,/0@Q *\ND,>E/: 0@*[,k?AjD?@6 0@=�B�=�B�E/0@=>N16 ,�4�2�=>0@JK0AE/0_8;: *OCC1B�QRB�<70 ,/4-*OB(,/NDEWB�61EWB�: *Z254�E/0@=X,/=U8�0AE/0&B�6 =>4P47H1=>0AE/JK09CZ: *R��N10AE>,/4P�]: ?@4�B(2 ,/0AE�.\NDE>E/: ?9B�*10 I&N1<74,>EWB�*1=X250AE>E/09C�6 B(E/<70;B�Qe47N1*[,/=S4�2O*\ND,>E/: 0@*[,/=i2 E/47Q�,/.10U254�E/0@=X,�?9B�*147F[jP,/4;,/.10�=>47: 6D=>NDE>2�B�?@0V~��g4\CD<70dW� ¦7¤ c `a�9�7�\� �g�[,/0@NOCD6 0AE dW� ¦7¤ c `a�9�7�\� �g�\?9B(,/0@*OB dW� ¦7¤ `g�9�7�7�K�Wf



� #D¬ �������	��
��� ��� ���	� �@��� � &���� &!��
 � � � �!����"#
��$�%� ������
 �


