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across sites but are insensitive to decade- long fertilization
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bmbm]�m�|ub;m|�-77b|bom�;==;1|v�om�7bv|bm1|�"���rooѴv�bm�-77b|bom�|o�
0�Ѵh�vobѴ���-m7���v|o1hv�1-m�_;Ѵr�u;�;-Ѵ�|_;�l;1_-mbvlv�0���_b1_�
m�|ub;m|�;==;1|v�l-��o11�uĺ�$o�|_bv�;m7ķ��;�;�-lbm;7�_o��ƐƏ��;-uv�
o=���-m7���=;u|bѴb�-|bomķ�-Ѵom;�-m7�bm�1ol0bm-|bomķ�-==;1|;7�vobѴ���-m7�
��v|ou-];��vbm]�-�Ѵom]Ŋ�|;ul�m�|ub;m|�-77b|bom�;�r;ubl;m|�u;rѴb1-|;7�
bm� mbm;� |;lr;u-|;� ]u-vvѴ-m7� vb|;v� vr-mmbm]� 1Ѵbl-|b1� -m7� ;7-r_b1�
gradients.

);�_�ro|_;vb�;7�|_-|�vobѴ���-m7���v|ou-];��o�Ѵ7�bm1u;-v;��b|_�
�� -m7� �� =;u|bѴb�-|bom� u;]-u7Ѵ;vv� o=� ;m�buoml;m|-Ѵ� 1om7b|bomv� 7�;�
|o� -� 1ol0bm-|bom� o=� bm1u;-v;7� rѴ-m|� bmr�|v� -m7� ;-uѴ�Ŋ�v|-];� Ѵb||;u�

TA B L E  1Պ"b|;�1_-u-1|;ubv|b1v�=ou�|_;�mbm;�m�|ub;m|�m;|�ouh�vb|;v�bm1Ѵ�7;7�bm�|_bv�v|�7�

Site Latitude, Longitude (°) MAT (°C) MAP (mm)
Aridity 
index Elevation (m)

�|lovr_;ub1���
7;rovb|bom�Őh]���
haƴƐ yrƴƐ) Grassland type Management regime Soil order

Soil texture (% sand, 
silt, clay) Soil % C (0– 15 cm)

Total plant biomass 
(g mƴƑ)

��m1_]u-vvķ��!�Ő����ő ƓƓĺƑѶķ�ƴƐƑƐĺƖƕ 6.77 1618 1.93 1318 2.62 �om|-m;�]u-vvѴ-m7 �ņ� �m1;r|bvoѴ ƕƏĺƓķ�ƑѵĺƔķ�ƑĺƖ ƖĺƖѶ�ŐƏĺƓő ƐƑƐѵ�ŐѵƔő

�;7-u��u;;h��$�!ķ����Ő�	!ő ƓƔĺƓƒķ�ƴƖƒĺƑƐ 6.34 740 0.83 270 7.8 $-ѴѴ]u-vv�ru-bub; �ņ� �m|bvoѴ ѶƖĺƒķ�ƑƐĺѵķ�ƖĺƔ ƐĺƑƏ�ŐƏĺƐő ƕѶƒ�Őѵѵő

�;7-u��obm|��boĺ�"|-|bomķ����Ő�	�$ő ƓƐĺƑƏķ�ƴƐƏƐĺѵƒ 9.64 456 0.40 965 5.48 "_ou|]u-vv�ru-bub; �ņ� �oѴѴbvoѴ ѵѶĺѶķ�ƑƐĺѵķ�ƖĺƔ ƐĺƓƓ�ŐƏĺƐő ƐƐƕƏ�ŐƕѶő

�om�-��$�!ķ��"�Ő�,�ő ƒƖĺƏƕķ�ƴƖѵĺƔѶ 11.6 971 0.89 440 8.29 $-ѴѴ]u-vv�ru-bub; �uu;]�Ѵ-uѴ��0�um;7 �oѴѴbvoѴ ƒƐĺƖķ�ƓƖĺѶķ�ƐѶĺƒ ƒĺƔƓ�ŐƏĺƑő ƐƓƑƓ�ŐƖƖő

�ooho�|�!b7];ķ��!�Ő����ő ƓƓĺƑƐķ�ƴƐƑƑĺƐƒ 6.9 1877 2.31 1500 2.62 �om|-m;�]u-vvѴ-m7 �ņ� Andisol ѵƖĺƏķ�ƒƏĺƐķ�ƏĺƖ ƐѵĺƑ�ŐƏĺƔő ƐƐƔƑ�ŐƐƕѶő

";�bѴѴ;|-��$�!ķ����Ő"�(ő ƒƓĺƒѵķ�ƴƐƏѵĺѵƖ 13.1 252 0.17 1600 2.91 Desert grassland �ņ� Aridisol ѶƒĺƔķ�ƐƏĺѵķ�ƔĺѶ ƏĺƒƒƔ�ŐƏĺƏƐő ƒѵƖ�ŐƑƒő

"_ou|]u-vv�"|;rr;��$�!ķ����Ő"�"ő ƓƏĺѶƑķ�ƴƐƏƓĺƕƕ 8.95 369 0.32 1650 5.31 "_ou|]u-vv�ru-bub; �ņ� �m|bvoѴ ƕƐĺƒķ�ƐƔĺƐķ�Ɛƒĺѵ ƐĺƑѶ�ŐƏĺƏѵő ƓƒƐ�ŐƓƑő

$;lrѴ;ķ�$*�Ő$���ő ƒƐĺƏƓķ�ƴƖƕĺƒƔ 19.4 877 0.60 184 7.77 $-ѴѴ]u-vv�ru-bub; �o�;7 �oѴѴbvoѴ ƑѵĺƓķ�ƒƓĺƑķ�ƒƖĺƑ ƓĺѵƑ�ŐƏĺƐő ƐƐƒѶ�ŐƐƏƑő

$u;Ѵ;-v;��u-bub;ķ����Ő$!��ő ƓƏĺƏѶķ�ƴѶѶĺѶƒ 11.1 992 0.89 200 8.58 $-ѴѴ]u-vv�ru-bub; �ņ� �oѴѴbvoѴ ƑƑĺƑķ�ѵƑĺƐķ�ƐƔĺѵ ƒĺƒƕ�ŐƏĺƐő ƔѶƕ�ŐƓƕő

Note: �77b|bom-Ѵ�vobѴ�-m7�rѴ-m|�1_-u-1|;ubv|b1v�-u;�=o�m7�bm�$-0Ѵ;�"Ɣĺ
�00u;�b-|bomvĹ���$ķ�l;-m�-mm�-Ѵ�|;lr;u-|�u;ĸ����ķ�l;-m�-mm�-Ѵ�ru;1brb|-|bomĸ�"obѴ�r;u1;m|���bv�ou]-mb1��ĺ



ՊՍՊ |ՊƐѵѵƒKELLER Et aL.

7;1olrovb|bom�-m7�v�rru;vv;7�Ѵ-|;Ŋ�v|-];�Ѵb||;u�-m7�"���7;1olroŊ
vb|bom�-|�-ѴѴ�vb|;vĺ��o�;�;uķ��;�;�r;1|;7�|o�=bm7��-ub-|bom�bm�|_;�l-]Ŋ
mb|�7;�o=�vb|;Ŋ�vr;1b=b1�u;vromv;v�|o�=;u|bѴb�-|bom�7�;�|o�7b==;u;m1;v�bm�
rѴ-m|�-m7�vobѴ�r_�vb1o1_;lb1-Ѵ�ruor;u|b;v� Ő;ĺ]ĺķ� vobѴ� |;�|�u;ķ�lbm;uŊ
-Ѵo]�ķ�r�ķ�-m7�1-|bom�;�1_-m];�1-r-1b|�őķ�1Ѵbl-|;ķ�-m7�-|lovr_;ub1�
�� 7;rovb|bom� Ő
b]�u;� Ɛőĺ� "r;1b=b1-ѴѴ�ķ� �;� _�ro|_;vb�;7� |_-|� _b]_Ѵ��
ruo7�1|b�;� vb|;v� �b|_� �;||;u� 1Ѵbl-|;v� v_o�Ѵ7� _-�;� Ѵ-u];u� ]-bmv� bm�
vobѴ����m7;u�;Ѵ;�-|;7�m�|ub;m|�v�rrѴ��1olr-u;7�|o�o|_;u�vb|;vĺ�"b|;Ŋ�
vr;1b=b1�m�|ub;m|�;==;1|v�om�vobѴ���v_o�Ѵ7�u;=Ѵ;1|���-m7ņou���m�|ub;m|�
Ѵblb|-|bom� o=� -0o�;]uo�m7� m;|� rubl-u�� ruo7�1|b�b|�� -|� |_;v;� vb|;v�
Ő
-��;|�-Ѵĺķ�ƑƏƐƔőĺ�
bm-ѴѴ�ķ��;�_�ro|_;vb�;7� |_-|� =;u|bѴb�-|bom��o�Ѵ7�
bm1u;-v;��� v|ou-];� bm�l-1uo-]]u;]-|;Ŋ�ub1_� -m7�lbm;u-ѴŊ�-vvo1b-|;7�
"���rooѴvķ��b|_�|_;�]u;-|;v|�-0voѴ�|;�bm1u;-v;v�-|��;||;u�vb|;v��b|_�
=bm;Ŋ�|;�|�u;7�vobѴv�7�;�|o�]u;-|;u�ro|;m|b-Ѵ�=ou�-]]u;]-|bomķ�1-|bomŊ�
0ub7]bm]ķ�-m7�7bu;1|�-7vour|bom�|o�lbm;u-Ѵ�v�u=-1;vĺ

ƑՊ |Պ��$��	"

ƑĺƐՊ |Պ "|�7��vb|;v

"obѴ� -m7� rѴ-m|� v-lrѴ;v� �;u;� 1oѴѴ;1|;7� =uol� mbm;� |;lr;u-|;� &ĺ"ĺ�
]u-vvѴ-m7�vb|;v� |_-|�-u;�r-u|�o=� |_;���|ub;m|��;|�ouh� Ő_||rvĹņņm�|Ŋ
m;|ĺou]ņőķ�-�7bv|ub0�|;7�-m7�1oou7bm-|;7�u;v;-u1_�m;|�ouh�7;vb]m;7�
|o�;�r;ubl;m|-ѴѴ��|;v|�|_;�;==;1|v�o=�m�|ub;m|�-77b|bom�om�;1ov�v|;l�
ruo1;vv;v�Ő�ou;u�;|�-Ѵĺķ�ƑƏƐƓ-őĺ�
ou�vb|;�Ѵo1-|bomv�-m7�ruor;u|b;vķ�v;;�

b]�u;�Ƒ�-m7�$-0Ѵ;�Ɛĺ�	;|-bѴv�o=�|_;�;�r;ubl;m|-Ѵ�7;vb]m�-u;�-�-bѴ-0Ѵ;�
bm��ou;u�;|�-Ѵĺ�ŐƑƏƐƓőĺ��ub;=Ѵ�ķ�-|�;-1_�o=�mbm;�vb|;vķ��;�v;Ѵ;1|;7�rѴo|v�
-l;m7;7��b|_�;Ѵ;�-|;7� v�rrѴ��o=���-m7��� Ő-Ѵom;�-m7� bm�1ol0bm-Ŋ
|bomőķ�-v��;ѴѴ�-v�1om|uoѴ�rѴo|v�u;1;b�bm]�mo�=;u|bѴb�;uĺ��Ѵo|v��;u;�u;rѴbŊ
1-|;7�bm�ƒ�ou�Ɠ�Ő7;r;m7bm]�om�|_;�vb|;ő�1olrѴ;|;Ѵ��u-m7olb�;7�0Ѵo1hv�
-|�;-1_�vb|;ĺ�)_bѴ;��b|_bmŊ�vb|;�u;rѴb1-|bom��-v�u;Ѵ-|b�;Ѵ�� Ѵo��Őn = 3 
ou�Ɠőķ� |_;� u;rѴb1-|;7�;�r;ubl;m|-Ѵ�7;vb]m�-1uovv�l�Ѵ|brѴ;� vb|;v�-m7�
1om7b|bomv�ruo�b7;7�-��mbt�;�orrou|�mb|��|o�|;v|�|_;�];m;u-Ѵb|��o=�
|u;-|l;m|�u;vromv;v�-1uovv�vb|;vķ�-v��;ѴѴ�-v�_o��rѴ-m|ķ�;7-r_b1ķ�-m7�
1Ѵbl-|;�=-1|ouv�l-��l;7b-|;�v�1_�u;vromv;v�Ő|o|-Ѵ�Ų�o=�rѴo|v�=�ƐƑƏőĺ�

��-m7����;u;�-rrѴb;7�-mm�-ѴѴ��ŐƐƏ�]�lƴƑ yrƴƐő�=ou�Ɩŋ�ƐƏ��;-uv�rubou�|o�
v-lrѴbm]ĺ��|�lov|�vb|;vķ���=;u|bѴb�;u��-v�-rrѴb;7�-v�-llomb�l�mb|u-|;�
Ő��4��3ő�bm�|u;-|l;m|��;-u�Ɛ�-m7�|bl;Ŋ�u;Ѵ;-v;7��u;-�ŒŐ��2ő2��œ�bm�
v�0v;t�;m|��;-uvĸ�;�1;r|bomv��;u;�"�(�-m7�$���ķ��_b1_�u;1;b�;7�
-llomb�l� mb|u-|;� bm� -ѴѴ� �;-uvķ� -m7� $!��ķ� �_b1_� u;1;b�;7� �u;-� bm�
-ѴѴ� �;-uvĺ��u;�bo�v��ouh� =o�m7� |_-|�7b==;u;m|� vo�u1;v�o=���_-7�mo�
;==;1|�om�rѴ-m|�0bol-vv�ou� ub1_m;vv�-1uovv���|ub;m|��;|�ouh�vb|;v�
Ő";-0Ѵool� ;|� -Ѵĺķ� ƑƏƐƒőĺ� �� v;r-u-|;� v|�7�� om� l�Ѵ|brѴ;� vobѴ� |�r;v�
=o�m7�lb1uo0b-Ѵ�u;vrbu-|bom�u-|;v��;u;�mo|�vb]mb=b1-m|Ѵ��-==;1|;7�0��
|_;� =oul�o=��� v�rrѴ�ķ� v�]];v|bm]�lb1uo0b-Ѵ�ruo1;vv;v�l-��-Ѵvo�0;�
bmv;mvb|b�;� |o��� vo�u1;� Ő!-lbu;�� ;|� -Ѵĺķ� ƑƏƐƏőĺ��ѴѴ� vb|;v� u;1;b�;7���
=;u|bѴb�;u�-mm�-ѴѴ��-v�|ubrѴ;Ŋ�v�r;uŊ�r_ovr_-|;�Œ�-Ő�2��4ő2].

$o� |;v|�_�ro|_;v;v�o=�_o����-m7��� -l;m7l;m|� bm=Ѵ�;m1;� vobѴ�
��7�m-lb1v�0uo-7Ѵ�ķ��;�v;Ѵ;1|;7�vb|;v�vr-mmbm]�-��b7;�1Ѵbl-|;�-m7�
vobѴ�|;�|�u;�]u-7b;m|ĺ�"b|;Ŋ�Ѵ;�;Ѵ�l;|ub1v�o=�l;-m�-mm�-Ѵ�|;lr;u-|�u;�
Ő��$őķ� l;-m� -mm�-Ѵ� ru;1brb|-|bom� Ő���őķ� ro|;m|b-Ѵ� ;�-ro|u-mvrbŊ
u-|bom� Ő��$őķ� -m7� -�lobv|�u;� bm7;�� Ő1-Ѵ1�Ѵ-|;7� -v����ņ��$ő��;u;�
o0|-bm;7�=uol���������Ő�-u];u�;|�-Ѵĺķ�ƑƏƐƕőĺ�"b|;v�-Ѵvo��-ub;7�bm�;�Ŋ
rov�u;�|o�-|lovr_;ub1���7;rovb|bomķ�0-v;7�om�lo7;Ѵ;7�o�|r�|�=uol�
�1h;ul-m�;|�-Ѵĺ�ŐƑƏƐƖőĺ�
ou�-�|bl;Ŋ�bm|;]u-|;7�l;|ub1�o=���7;rovb|bom�
vr-mmbm]�|_;�7�u-|bom�o=�|_bv�v|�7�ķ��;�-�;u-];7�-mm�-Ѵ�;v|bl-|;v�
o=���7;rovb|bom�=uol�ƑƏƐƓ�|o�ƑƏƐѵĺ���7;rovb|bom��-v�mo|�1ouu;Ѵ-|;7�
�b|_����ĺ

ƑĺƑՊ |Պ "obѴ�v-lrѴbm]�-m7�-m-Ѵ�vbv

"obѴv��;u;� v-lrѴ;7�om1;� bm� |_;� =-ѴѴ� -|� ;-1_� vb|;ķ� bm�;b|_;u�ƑƏƐƕ�ou�
ƑƏƐѶķ��b|_�l�Ѵ|brѴ;�1ou;v�r;u�rѴo|�ŐƔ�1ou;v�bm�ƑƏƐƕķ�ƒ�1ou;v�bm�ƑƏƐѶő�
1olrovb|;7� |o];|_;uĺ� $�o� vobѴ� 7;r|_v��;u;� v-lrѴ;7� bm� ;-1_� rѴo|ķ�
�b|_�|_;�;�1;r|bom�o=��,���_;u;�-�v_-ѴѴo��0;7uo1h�ru;�;m|;7�7;;r�
vobѴ�v-lrѴbm]�Őv-lrѴ;�7;r|_�-|��,���-ub;7�=uol�ƐƏ�|o�ƐƔ�1lőĺ�&rr;u�
vobѴ�_oub�omv�ŐƏŋ�ƐƔ�1lő��;u;�v-lrѴ;7��b|_�-�Ɣ�1l�7b-l;|;u�vobѴ�1ou;�
-m7� 7;;r;u� vobѴv� ŐƐƔŋ�ƒƏ� 1lő��;u;� v-lrѴ;7��b|_� -� ƑĺƔƓ� 1l� 7b-lŊ
;|;u� 1ou;ĺ�	�;� |o� 1_-ѴѴ;m];v��;� ;m1o�m|;u;7� bm� -11�u-|;Ѵ��l;-vŊ
�ubm]� 0�Ѵh� 7;mvb|�� bm� |_;� 7;;r;u� vobѴvķ� �;� =o1�v� o�u� -m-Ѵ�vbv� -m7�

TA B L E  1Պ"b|;�1_-u-1|;ubv|b1v�=ou�|_;�mbm;�m�|ub;m|�m;|�ouh�vb|;v�bm1Ѵ�7;7�bm�|_bv�v|�7�

Site Latitude, Longitude (°) MAT (°C) MAP (mm)
Aridity 
index Elevation (m)

�|lovr_;ub1���
7;rovb|bom�Őh]���
haƴƐ yrƴƐ) Grassland type Management regime Soil order

Soil texture (% sand, 
silt, clay) Soil % C (0– 15 cm)

Total plant biomass 
(g mƴƑ)

��m1_]u-vvķ��!�Ő����ő ƓƓĺƑѶķ�ƴƐƑƐĺƖƕ 6.77 1618 1.93 1318 2.62 �om|-m;�]u-vvѴ-m7 �ņ� �m1;r|bvoѴ ƕƏĺƓķ�ƑѵĺƔķ�ƑĺƖ ƖĺƖѶ�ŐƏĺƓő ƐƑƐѵ�ŐѵƔő

�;7-u��u;;h��$�!ķ����Ő�	!ő ƓƔĺƓƒķ�ƴƖƒĺƑƐ 6.34 740 0.83 270 7.8 $-ѴѴ]u-vv�ru-bub; �ņ� �m|bvoѴ ѶƖĺƒķ�ƑƐĺѵķ�ƖĺƔ ƐĺƑƏ�ŐƏĺƐő ƕѶƒ�Őѵѵő

�;7-u��obm|��boĺ�"|-|bomķ����Ő�	�$ő ƓƐĺƑƏķ�ƴƐƏƐĺѵƒ 9.64 456 0.40 965 5.48 "_ou|]u-vv�ru-bub; �ņ� �oѴѴbvoѴ ѵѶĺѶķ�ƑƐĺѵķ�ƖĺƔ ƐĺƓƓ�ŐƏĺƐő ƐƐƕƏ�ŐƕѶő

�om�-��$�!ķ��"�Ő�,�ő ƒƖĺƏƕķ�ƴƖѵĺƔѶ 11.6 971 0.89 440 8.29 $-ѴѴ]u-vv�ru-bub; �uu;]�Ѵ-uѴ��0�um;7 �oѴѴbvoѴ ƒƐĺƖķ�ƓƖĺѶķ�ƐѶĺƒ ƒĺƔƓ�ŐƏĺƑő ƐƓƑƓ�ŐƖƖő

�ooho�|�!b7];ķ��!�Ő����ő ƓƓĺƑƐķ�ƴƐƑƑĺƐƒ 6.9 1877 2.31 1500 2.62 �om|-m;�]u-vvѴ-m7 �ņ� Andisol ѵƖĺƏķ�ƒƏĺƐķ�ƏĺƖ ƐѵĺƑ�ŐƏĺƔő ƐƐƔƑ�ŐƐƕѶő

";�bѴѴ;|-��$�!ķ����Ő"�(ő ƒƓĺƒѵķ�ƴƐƏѵĺѵƖ 13.1 252 0.17 1600 2.91 Desert grassland �ņ� Aridisol ѶƒĺƔķ�ƐƏĺѵķ�ƔĺѶ ƏĺƒƒƔ�ŐƏĺƏƐő ƒѵƖ�ŐƑƒő

"_ou|]u-vv�"|;rr;��$�!ķ����Ő"�"ő ƓƏĺѶƑķ�ƴƐƏƓĺƕƕ 8.95 369 0.32 1650 5.31 "_ou|]u-vv�ru-bub; �ņ� �m|bvoѴ ƕƐĺƒķ�ƐƔĺƐķ�Ɛƒĺѵ ƐĺƑѶ�ŐƏĺƏѵő ƓƒƐ�ŐƓƑő

$;lrѴ;ķ�$*�Ő$���ő ƒƐĺƏƓķ�ƴƖƕĺƒƔ 19.4 877 0.60 184 7.77 $-ѴѴ]u-vv�ru-bub; �o�;7 �oѴѴbvoѴ ƑѵĺƓķ�ƒƓĺƑķ�ƒƖĺƑ ƓĺѵƑ�ŐƏĺƐő ƐƐƒѶ�ŐƐƏƑő

$u;Ѵ;-v;��u-bub;ķ����Ő$!��ő ƓƏĺƏѶķ�ƴѶѶĺѶƒ 11.1 992 0.89 200 8.58 $-ѴѴ]u-vv�ru-bub; �ņ� �oѴѴbvoѴ ƑƑĺƑķ�ѵƑĺƐķ�ƐƔĺѵ ƒĺƒƕ�ŐƏĺƐő ƔѶƕ�ŐƓƕő

Note: �77b|bom-Ѵ�vobѴ�-m7�rѴ-m|�1_-u-1|;ubv|b1v�-u;�=o�m7�bm�$-0Ѵ;�"Ɣĺ
�00u;�b-|bomvĹ���$ķ�l;-m�-mm�-Ѵ�|;lr;u-|�u;ĸ����ķ�l;-m�-mm�-Ѵ�ru;1brb|-|bomĸ�"obѴ�r;u1;m|���bv�ou]-mb1��ĺ

https://nutnet.org/
https://nutnet.org/
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ru;v;m|-|bom�om�|_;�v�u=-1;�vobѴ���v|o1h�7-|-ĺ��m�|_;�=b;Ѵ7ķ�vobѴv��;u;�
r-vv;7�|_uo�]_�-�Ƒ�ll�vb;�;�-m7�-ѴѴ��bvb0Ѵ;�uoo|v��;u;�u;lo�;7ĺ���Ѵh�
7;mvb|���-v�l;-v�u;7�om�|_;v;�vobѴv�0o|_�0;=ou;�-m7�-=|;u�vb;�bm]ĺ�
�u;Ŋ��-m7�rov|Ŋ�vb;�;7�0�Ѵh�7;mvb|��;v|bl-|;v��;u;�|b]_|Ѵ��1ouu;Ѵ-|;7ķ�
-Ѵ|_o�]_�ru;Ŋ�vb;�;7�;v|bl-|;v��;u;�u;7�1;7�=ou�vb|;v��b|_�_b]_�uoo|�
0bol-vv�-m7�1omv;t�;m|Ѵ�� Ѵo��0�Ѵh�7;mvb|�ĺ��b�;m� |_-|�vobѴ����-v�
l;-v�u;7�om�vb;�;7�vobѴvķ�7-|-�bm�|_;�l-bm�|;�|�-u;�1-Ѵ1�Ѵ-|;7�=uol�
rov|Ŋ�vb;�;7�0�Ѵh�7;mvb|�ķ��b|_�ru;Ŋ�vb;�;7�0�Ѵh�7;mvb|��ru;v;m|;7�bm�
v�rrѴ;l;m|-u��l-|;ub-Ѵvĺ�"obѴv��;u;�|u-mvrou|;7�|o�|_;�&mb�;uvb|��o=�
�bmm;vo|-�Ѵ-0ou-|ou��=ou�ruo1;vvbm]��b|_bm�ƑƓ�_ĺ�"obѴv��;u;�u;=ub]Ŋ
;u-|;7�rubou�|o�v_brrbm]�-m7�-=|;u�u;1;b�bm]ĸ�=ou�o�;umb]_|�v_brrbm]ķ�
vobѴv��;u;�r-1h;7�bm�1ooѴ;uv��b|_�b1;�r-1hvĺ

�m�|_;�Ѵ-0ou-|ou�ķ�vobѴv��;u;�|_;m�-buŊ�7ub;7ķ�-m7�v�0v-lrѴ;v��;u;�
]uo�m7�|o�-�=bm;�ro�7;u��vbm]�v|;;Ѵ���v�r-1h;7��b|_�v-lrѴ;v�bm|o�
�b-Ѵv� -m7� v_-h;m� bm� r-bm|� 1-mv� om� -� r-bm|� v_-h;uĺ��uo�m7� v-lrѴ;v�
�;u;�r-1h;7�bm|o�-Ѵ�lbm�l�|bmv�-m7�-m-Ѵ��;7�=ou�|o|-Ѵ�r;u1;m|���-m7�
r;u1;m|���0��1ol0�v|bom�Ő��"$�����"��ƓƏƐƏ��Ѵ;l;m|-Ѵ��m-Ѵ��;uķ�
(-Ѵ;m1b-ķ���ķ�&"�őĺ�"obѴv�=uol�vb|;v�hmo�m�ou�v�vr;1|;7�|o�_-�;�vb]Ŋ
mb=b1-m|�Ѵ;�;Ѵv�o=�bmou]-mb1���bm�|_;�=oul�o=�1-u0om-|;v�Őbĺ;ĺķ��	�$ķ�
"�(ķ�"�"ķ�$���ő��;u;� =�lb]-|;7��b|_�ƐƑ�����Ѵ�rubou� |o�r;u1;m|�
��-m-Ѵ�vbv�=oѴѴo�bm]��-uubv�;|�-Ѵĺ� ŐƑƏƏƐőĺ�
ou�|_;�v-lrѴ;v�|_-|�1omŊ
|-bm;7� 1-u0om-|;vķ� �;� u;rou|� r;u1;m|� �� =uol� =�lb]-|;7� v-lrѴ;v�
-m7�r;u1;m|���=uol�momŊ�=�lb]-|;7�v-lrѴ;vķ�-v�-1b7�=�lb]-|bom�_-v�
0;;m� v_o�m� |o� u;7�1;� |o|-Ѵ��� �-Ѵ�;v� 0�� �r� |o� ƔƏѷ� Ő�-uubv� ;|� -Ѵĺķ�
ƑƏƏƐőĺ�"b;�;7ķ�-buŊ�7ub;7�vobѴ�ŐƏŋ�ƐƔ�1lő��-v��v;7�=ou�vobѴ�r��-m-Ѵ�vbv�
ŐƐĹƐ�vobѴĹ�-|;u�vѴ�uu�ő�-m7�l;-v�u;l;m|�o=�;�1_-m];-0Ѵ;�0-v;�1-|bom�
1om1;m|u-|bomv�Ő�+ķ��-2+ķ��-+ķ�-m7��]2+őĺ�
ou�1-|bom�l;-v�u;l;m|vķ�
vobѴv��;u;� ;�|u-1|;7��b|_� ƐƏ�l����4���3� ŐƐĹƔ��Ĺ�� o=� vobѴĹ-1b7őķ�
v_-h;m�=ou�Ƒ�_ķ�-m7�1;m|ub=�];7�-|�ƓƏƏƏ]�=ou�ƐƏ�lbmĺ�$_;�v�r;um-Ŋ
|-m|�o=�;-1_�v-lrѴ;��-v�7;1-m|;7�om|o�ƏĺƑ�μl�=bѴ|;uv�ru;Ŋ�ubmv;7��b|_�
;�|u-1|-m|ĺ� $_;� ;�|u-1|��-v� v�0v;t�;m|Ѵ�� -1b7b=b;7��b|_� Ɣѷ� mb|ub1�
-1b7�=ou�v|ou-];�-|�ƓŦ�ĺ���|u-1|v��;u;�|_;m�l;-v�u;7�0��bm7�1|b�;Ѵ��
1o�rѴ;7� rѴ-vl-� or|b1-Ѵ� ;lbvvbom� vr;1|uol;|u�� Ő���Ŋ���"ő� �vbm]� -�
$_;uloŊ�"1b;m|b=b1� b���Ѥ� ƕƓƏƏ� ��� vr;1|uol;|;u� -|� |_;� &mb�;uvb|��
o=�$;mm;vv;;�)-|;u� �-Ѵb|���ou;�
-1bѴb|�ĺ��;u1;m|�roѴ��-Ѵ;m|�0-v;�
saturation was calculated as:

�_;u;�1om1;m|u-|bomv�o=�1-|bomv�-m7�1-|bom�;�1_-m];�1-r-1b|���;u;�
;�ru;vv;7�bm��mb|v�o=�l;tņƐƏƏ�]�vobѴĺ���-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;��Ѵ�-m7�
;ķ�-�
l;-v�u;�o=�roouѴ��1u�v|-ѴѴbm;��ѴŊ��-m7�
;Ŋ�0;-ubm]�lbm;u-Ѵvķ��;u;�l;-Ŋ
v�u;7�om�|_;�v�u=-1;�vobѴv�0��=buv|�v_-hbm]�ƏĺƔ�]�-buŊ�7ub;7�vobѴ��b|_�ƒƏ�lѴ�
o=�-m�o�-Ѵ-|;�voѴ�|bom�ŐƓĹƒ�u-|bo�0���oѴ�l;�o=�ƏĺƑ���-llomb�l�o�-Ѵ-|;Ĺ�
ƏĺƑ���o�-Ѵb1�-1b7ő�=ou�Ɛѵ�_ķ�1;m|ub=�]bm]ķ�-m7�|_;m�=bѴ|;ubm]�|o�ƏĺƑƑ�μm. 
��|u-1|v��;u;�-m-Ѵ��;7�=ou�roouѴ��1u�v|-ѴѴbm;��Ѵ�-m7�
;��vbm]�-m����Ŋ�
��"ĺ�"obѴ�|;�|�u;�Őr;u1;m|�v-m7ķ�vbѴ|ķ�1Ѵ-�ő��-v�7bu;1|Ѵ��l;-v�u;7�bm�1omŊ
|uoѴ�rѴo|v�rubou�|o�=;u|bѴb�-|bomĸ��_;u;�|_;v;�7-|-��;u;�mo|�-�-bѴ-0Ѵ;�-|�
|_;�0Ѵo1hŊ�Ѵ;�;Ѵķ�vb|;Ŋ�Ѵ;�;Ѵ�l;-mv��;u;��v;7ĺ

$o�;�-lbm;�_o��m�|ub;m|�-77b|bom�-==;1|;7�7bv|bm1|�"���rooѴv�
bm� v�u=-1;� vobѴvķ� -� 1olrovb|;�7;mvb|�� -m7� vb�;� =u-1|bom-|bom�ruo1;Ŋ
7�u;��-v��v;7�|o�v;r-u-|;�0�Ѵh�vobѴ�bm|o�|_u;;�rooѴvĹ�Ѵb]_|�r-u|b1�Ѵ-|;�

l-||;u� ŐѴb]_|����ķ�mo|� -vvo1b-|;7��b|_� vobѴ�lbm;u-Ѵvőķ� _;-�������
Ő����1om|-bm;7�bm�-]]u;]-|;v�>53 µlőķ�-m7�lbm;u-ѴŊ�-vvo1b-|;7�ouŊ
]-mb1�l-||;u�Ő����ķ����1om|-bm;7�bm�-]]u;]-|;v�<53 µlő�Ő"oom]�
ş��o|u�=oķ�ƑƏƐƔőĺ��ub;=Ѵ�ķ�~ѵ�]�o=�vb;�;7�-m7�-buŊ�7ub;7�v�u=-1;�vobѴv�
�-v� =buv|� v_-h;m� bm�~ƒƏ�lѴ� o=�	���-|;u� =ou� ƐƔ�lbm� -m7� |_;m� 1;mŊ
|ub=�];7�-|�ƒƓƏƏ�!rl�=ou�ƐƔ�lbmĺ��=|;u�7;1-m|bm]�|_;�v�r;um-|-m|�
Ő7bvvoѴ�;7�ou]-mb1�l-||;uőķ�;-1_�vobѴ�v-lrѴ;��-v�lb�;7��b|_�;mo�]_�
vo7b�l� roѴ�|�m]v|-|;� ŐƐĺѶƔ� ]� 1lƴƒő� |o� 0ubm]� |_;� |o|-Ѵ� voѴ�|bom� |o�
ƑƔ�lѴķ�v_-h;m�Ѵb]_|Ѵ��=ou�ƐѶ�_ķ�-m7�|_;m�1;m|ub=�];7�-|�ƒƓƏƏ�url�=ou�
ƒƏ�lbmĺ�$_;�v�vr;m7;7�Ѵb]_|������-v�-vrbu-|;7�-m7��-v_;7��b|_�
	���-|;u��m|bѴ��bvb0Ѵ��1Ѵ;-uķ�1oѴѴ;1|;7�om�-�ƑƏ�μl�m�Ѵom�l;v_�=bѴ|;uķ�
-m7�7ub;7�-|�ѵƏŦ�ĺ�$_;�u;l-bmbm]�v-lrѴ;��-v�|_;m��-v_;7��b|_�	��
�-|;u�b|;u-|b�;Ѵ�ķ��ou|;�;7�|o�v�vr;m7ķ�1;m|ub=�];7�-|�ƒƓƏƏ�!rl�=ou�
ƑƏ�lbmķ�-m7�7;1-m|;7�|_u;;�|bl;vķ�ou��m|bѴ�|_;�v�r;um-|-m|��-v�1Ѵ;-uĺ�

bm-ѴѴ�ķ�;-1_�v-lrѴ;��-v�r-vv;7�|_uo�]_�-�Ɣƒ�μl�vb;�;�|o�v;r-u-|;�
bm|o�_;-�������Ő>53 μlő�-m7������Ő<53 μlőĺ��-1_�=u-1|bom��-v�
7ub;7� -|�ѵƏŦ�ķ� ]uo�m7� |o� -� =bm;�ro�7;uķ� -m7� -m-Ѵ��;7� =ou�r;u1;m|�
��-m7�r;u1;m|���-v�-0o�;ĺ�"l-ѴѴ� v-lrѴ;�l-vv�ruo_b0b|;7�-11�u-|;�
l;-v�u;l;m|v�o=�r;u1;m|���-m7�r;u1;m|���=ou�l-m�� Ѵb]_|� =u-1|bom�
v-lrѴ;vĺ�$_;u;=ou;ķ�-1uovv�-ѴѴ�rѴo|vķ��;�;v|bl-|;7� Ѵb]_|�����=u-1Ŋ
|bom� r;u1;m|��� -m7� r;u1;m|��� 0��l-vv� 0-Ѵ-m1;� Őbĺ;ĺķ� -v� |_;� 7b==;uŊ
;m1;�0;|�;;m�0�Ѵh�vobѴ�-m7�_;-�������+��������-m7���1om|;m|őĺ�
$_bv�-rruo-1_�bm1Ѵ�7;v�7bvvoѴ�;7�ou]-mb1���-m7���bm�|_;�Ѵb]_|�����
=u-1|bomvĺ

ƑĺƒՊ |Պ �Ѵ-m|�0bol-vvķ�rubl-u��
production, and turnover

�b�;m� |_;� blrou|-m1;� o=� rѴ-m|� bmr�|v� |o� "���7�m-lb1vķ��;� u;Ŋ
Ѵ-|;7�vobѴ���v|o1hv�-m7�=u-1|bomv� |o� uoo|�v|-m7bm]�0bol-vv� Ő_;u;Ŋ
-=|;uķ� uoo|� 0bol-vvőķ� uoo|� ruo7�1|bomķ� -m7� uoo|� |�umo�;u� bm� ;-1_�
rѴo|�-m7�uoo|�-m7�Ѵ;-=�|bvv�;�1_;lbv|u��Őbĺ;ĺķ�-1b7��mŊ�_�7uoѴ�v-0Ѵ;�
u;vb7�;�Œ�&!œķ�r;u1;m|��ķ��;ѴѴ;u�;|�-Ѵĺķ�ƑƏƐƕŋ�ƑƏƐѶķ��mr�0Ѵbv_;7őķ�
-m7�-0o�;]uo�m7�r;-h�0bol-vv�Ő_;u;-=|;u�-0o�;]uo�m7�0bol-vvőĺ�
!oo|�l;-v�u;l;m|v� �;u;� |-h;m� =uol� |_u;;� vobѴ� 1ou;v� ŐƔ� 1l� 7bŊ
-l;|;uķ�ƐƔ�1l�7;r|_ő�r;u�rѴo|ĺ� �m�
-ѴѴ�o=�ƑƏƐѵķ�uoo|�0bol-vv��-v�
1-Ѵ1�Ѵ-|;7�-v�|_;�-�;u-];�uoo|�7u��l-vv�r;u�rѴo|�om�-m�-u;-Ѵ�0-vbvĺ�
!oo|�ruo7�1|bom��-v�|_;m�l;-v�u;7�0��rѴ-1bm]�om;�rѴ-v|b1�l;v_�
uoo|�bm]uo�|_�1ou;�=bѴѴ;7��b|_�ƑĹƐ�uoo|Ŋ�=u;;�m-|b�;�vobѴĹv-m7�bm�;-1_�
o=�|_;�_oѴ;v�=uol�|_;�vobѴ�1ou;vĺ�!oo|v��;u;�-ѴѴo�;7�|o�]uo��bm|o�
|_;� rѴ-v|b1� 1ou;� =ou� Ɛ� �;-uķ� -m7� bm]uo�|_� 1ou;v� �;u;� _-u�;v|;7�
bm�
-ѴѴ�ƑƏƐƕĺ�!oo|v��;u;�u;lo�;7��vbm]�=ou1;rvķ��-v_;7��b|_�	��
�-|;uķ�7ub;7�-|�ѵƏŦ��=ou�ƓѶ�_ķ�-m7��;b]_;7�|o�ƏĺƏƏƐ�]ĺ�!oo|�ruoŊ
7�1|bom��-v�1-Ѵ1�Ѵ-|;7�-v�m;|� uoo|�l-vv��b|_bm�;-1_�1ou;�-|� |_;�
|bl;�o=�_-u�;v|bm]� -m7�;�ru;vv;7�om�-m�-u;-Ѵ� 0-vbvĺ�!oo|� |�umoŊ
�;u��-v�;v|bl-|;7�-v�|_;�u-|bo�o=�uoo|�ruo7�1|bom�|o�uoo|�v|-m7bm]�
0bol-vvĺ�)_bѴ;� �;� u;1o]mb�;� bm|;u-mm�-Ѵ� �-ub-|bom� bv� Ѵbh;Ѵ�� _b]_�
=ou� 0;Ѵo�]uo�m7� -m7� -0o�;]uo�m7� rѴ-m|� 0bol-vv� -m7� |�umo�;uķ�
-m7�1-r|�ubm]�v�1_��-ub-|bom�1o�Ѵ7�0;�blrou|-m|�=ou�u;�;-Ѵbm]�u;Ŋ
Ѵ-|bomv_brv� 0;|�;;m� rѴ-m|� -m7� vobѴ� �� rooѴvķ� |_;� vb]mb=b1-m|� |bl;�
-m7�;==ou|� u;t�bu;7� =ou�l;-v�ubm]�0;Ѵo�]uo�m7�rѴ-m|�ruor;u|b;v�
Ѵblb|;7� o�u� 0;Ѵo�]uo�m7� 7-|-� |o� -� vbm]Ѵ;� |bl;� robm|ĺ� �o�;�;uķ�

[Ca
2+
] + [Mg

2+
]

Cationexchangecapacity
× 100%
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l;-v�u;l;m|v�o=�-0o�;]uo�m7�0bol-vv��;u;�l-7;�-mm�-ѴѴ��vbm1;�
=;u|bѴb�-|bom�0;]-m�-|�;-1_�vb|;�0��1Ѵbrrbm]�|�o�ƏĺƐ�l2�t�-7u-|v�o=�
r;-h�-0o�;]uo�m7�0bol-vv�r;u�rѴo|�;-1_��;-uĺ�);�1-Ѵ1�Ѵ-|;7�|_;�
l;-m�-mm�-Ѵ�-0o�;]uo�m7�0bol-vv�bm�;-1_�rѴo|�=ou�-ѴѴ��;-uv��b|_�
-�-bѴ-0Ѵ;� 7-|-� vbm1;� =;u|bѴb�-|bom� v|-u|;7ĺ�	-|-� -u;� -u1_b�;7��b|_�
|_;��m�buoml;m|-Ѵ�	-|-��mb|b-|b�;�Ő�o00b;ķ�ƑƏƑƐőĺ

ƑĺƓՊ |Պ	-|-�-m-Ѵ�vbv

�ѴѴ�7-|-�-m-Ѵ�vbv��-v�r;u=oul;7�bm�!�Ő!��;uvbom�ƒĺѵĺƐķ�!�
o�m7-|bom�
=ou�"|-|bv|b1-Ѵ��olr�|bm]�ƑƏƐƒőĺ�);��v;7�-�v;ub;v�o=�v|-|bv|b1-Ѵ�lo7Ŋ
;Ѵv�|o��m7;uv|-m7�_o��vobѴ���v|o1hv��-ub;7�-1uovv�=;u|bѴb�-|bom�|u;-|Ŋ
l;m|v�-m7�vb|;vĺ��m�0ub;=ķ��;�=buv|�;�-lbm;7�7bu;1|�������=;u|bѴb�-|bom�
;==;1|v�om�vobѴ���v|o1hv��vbm]�|�oŊ��-�����(��-m7�|_;m�-11o�m|;7�
=ou��-ub-|bom�-1uovv�vb|;v��vbm]�Ѵbm;-u�lb�;7�lo7;Ѵbm]�Ővb|;�-v�-�u-mŊ
7ol�;==;1|őĺ� ";1om7ķ��;� -vv;vv;7� =;u|bѴb�-|bom�0�� vb|;� bm|;u-1|bomv�
�b|_�m�|ub;m|�|u;-|l;m|v�-m7�vb|;�-v�=b�;7�;==;1|vĺ�$_bu7ķ�|o��m7;uŊ
v|-m7�|_;�7ub�;uv�o=�-m��vb|;�;==;1|�-m7�b|v�bm|;u-1|bom��b|_�m�|ub;m|�
|u;-|l;m|vķ��;�1omv|u�1|;7�-�v;ub;v�o=�Ѵbm;-u�lb�;7�lo7;Ѵv�|_-|�bmŊ
1Ѵ�7;7�m�|ub;m|�|u;-|l;m|v�-m7�0bo|b1ķ�;m�buoml;m|-Ѵķ�-m7�;7-r_b1�
1o�-ub-|;v�-v�=b�;7�;==;1|v�-m7�vb|;v�-v�u-m7ol�;==;1|vĺ�$_bv�-ѴѴo�;7�
�v�|o�7;|;ulbm;��_;|_;u�-m��vb|;�;==;1|v�1o�Ѵ7�0;�;�rѴ-bm;7�0���-ubŊ
-|bom� bm�l;-v�u;7�rѴ-m|ķ� vobѴ� 1_;lbv|u�ķ� ou� 1Ѵbl-|;� =-1|ouvĺ� 
bm-ѴѴ�ķ�
�;�1omv|u�1|;7�-�rb;1;�bv;�v|u�1|�u-Ѵ�;t�-|bom�lo7;Ѵ�Ő"��ő�|o�=�ѴѴ��
;�rѴou;�7bu;1|�-m7�bm7bu;1|�;==;1|v�o=�|_;v;�1o�-ub-|;v�-m7�m�|ub;m|�
-l;m7l;m|�om�vobѴ���v|o1hvĺ

�ou;�vr;1b=b1-ѴѴ�ķ�|_;�|�oŊ��-�����(��-m-Ѵ�v;v�bm1Ѵ�7;7�m�|ubŊ
;m|�|u;-|l;m|�Ő��ou��ő�-v�|_;�]uo�rbm]�=-1|ouv�-m7�vobѴ���v|o1hv�ou�
1om1;m|u-|bomv�-v�|_;�u;vromv;��-ub-0Ѵ;ĺ��m�o�u�Ѵbm;-u�lb�;7�lo7;Ѵv�
|o� |;v|� =ou� =;u|bѴb�-|bom� ;==;1|v� om� vobѴ��� v|o1hvķ� =;u|bѴb�-|bom� |u;-|Ŋ
l;m|v��;u;�=b�;7�=-1|ouv�-m7�0Ѵo1h�m;v|;7��b|_bm�vb|;��-v�-�u-m7ol�
bm|;u1;r|ĺ�!-m7ol�vѴor;v��;u;�mo|�bm1Ѵ�7;7�7�;�|o�v-lrѴ;�vb�;�ѴblŊ
b|-|bomv��b|_bm�vb|;vĺ��o7;Ѵv��;u;�=b|��b|_�|_;�nlme�r-1h-];�Őlme()őķ�
�b|_��;b]_|v�-rrѴb;7��vbm]��-u�7;m|Ő=oul�= ~ƐŇvb|;ő��_;u;�7b==;u;m|�
�-ub-m1;v� r;u� vb|;� -u;� -ѴѴo�;7ĺ� �m� o�u� Ѵbm;-u�lo7;Ѵ� bm1Ѵ�7bm]� omѴ��
=b�;7�;==;1|vķ�vobѴ���v|o1hv��;u;�ru;7b1|;7�0��=;u|bѴb�-|bom�|u;-|l;m|ķ�
vb|;ķ�-m7�|_;bu�bm|;u-1|bomvĺ

$_;� 1o�-ub-|;� Ѵbm;-u� lb�;7� lo7;Ѵv� -Ѵb]m� �b|_� o�u� 1om1;r|�-Ѵ�
l;|-Ŋ�lo7;Ѵ� Ő
b]�u;� Ɛőķ� -m7��;� =b|� v;r-u-|;�lo7;Ѵv� =ou� ;-1_� 1omŊ
v|u�1|�o=�|_;�l;|-Ŋ�lo7;Ѵĺ��ubou�|o�lo7;Ѵ�=b||bm]ķ��;�;�-lbm;7�7bvŊ
|ub0�|bomv� o=� -ѴѴ� �mb�-ub-|;� ru;7b1|ou� �-ub-0Ѵ;v� -m7� r;u=oul;7� Ѵo]�
|u-mv=oul-|bomv�om�ru;7b1|ou��-ub-0Ѵ;v�-v�m;;7;7�|o�moul-Ѵb�;��-ubŊ
-0Ѵ;�7bv|ub0�|bomvĺ�(-ub-m1;�bm=Ѵ-|bom�=-1|ouv��;u;�-ѴѴ�<ƒķ�bm7b1-|bm]�
Ѵo��1oѴѴbm;-ub|�ĺ�);�|_;m��v;7�0o|_�a priori�_�ro|_;v;v�-m7�r-bu�bv;�
1ouu;Ѵ-|bom� -m-Ѵ�vbv� |o� bm=oul� �-ub-0Ѵ;� v;Ѵ;1|bom� Ő_b]_Ѵ�� 1ouu;Ѵ-|;7�
�-ub-0Ѵ;vķ�bĺ;ĺķ�u�>�ƏĺƕƏķ��;u;�mo|�bm1Ѵ�7;7�|o];|_;u�bm�Ѵbm;-u�lo7;Ѵvőĺ�
�ѴѴ�lo7;Ѵv�=oѴѴo�;7�-�vblbѴ-u�v|u�1|�u;ĸ�m�|ub;m|�|u;-|l;m|�Ő+�ķ�+�ķ�
+�+�ķ�1om|uoѴőķ�-77b|bom-Ѵ�1o�-ub-|;vķ�-m7�bm|;u-1|bomv�0;|�;;m�m�Ŋ
|ub;m|�|u;-|l;m|�-m7�1o�-ub-|;v��;u;�bm1Ѵ�7;7�-v�=b�;7�=-1|ouvķ�-m7�
0Ѵo1hv�m;v|;7��b|_bm�vb|;v��;u;� bm1Ѵ�7;7�-v�u-m7ol�bm|;u1;r|vĺ��v�
-0o�;ķ�lo7;Ѵv��;u;�=b|��b|_�|_;�nlme�r-1h-];ķ��b|_��;b]_|v�-rrѴb;7�
�vbm]��-u�7;m|Őőĺ��m|;u-1|bom�|;ulv��;u;�7uorr;7�=uol�lo7;Ѵv�|_-|�

�;u;�mo|�vb]mb=b1-m|�ŐÑ�<�ƏĺƏƔőĺ�$_;�=buv|�v;|�o=�lo7;Ѵv�|;v|;7�|_;�7;Ŋ
]u;;�|o��_b1_�rѴ-m|�0bol-vvķ�rѴ-m|�ruo7�1|b�b|�ķ�-m7�Ѵb||;u�1_;lbv|u��
ru;7b1|;7� vobѴ��� v|o1hvĺ� "r;1b=b1-ѴѴ�ķ� |_;� bmb|b-Ѵ� =�ѴѴ�lo7;Ѵ� bm1Ѵ�7;7�
-0o�;]uo�m7�0bol-vvķ�uoo|�ruo7�1|bomķ�uoo|�0bol-vvķ�Ѵ;-=�-m7�uoo|�
�&!Ĺ�ķ�m�|ub;m|� |u;-|l;m|� Őbm� =-1|oub-Ѵőķ� -m7� bm|;u-1|bomv�0;|�;;m�
m�|ub;m|� |u;-|l;m|v� -m7� rѴ-m|� 1o�-ub-|;vĺ� &vbm]� |_bv� v-l;� Ѵbm;-u�
lb�;7�lo7;Ѵbm]�=u-l;�ouhķ��;�|_;m�|;v|;7�|_;�;==;1|v�o=�m�|ub;m|�
-l;m7l;m|�-m7�vobѴ�1_;lbv|u��Őr��-m7�ѷ�roѴ��-Ѵ;m|�0-v;�v-|�u-|bomő�
om�vobѴ���v|o1hvĺ�
bm-ѴѴ�ķ��;�|;v|;7� |_;�;==;1|v�o=�m�|ub;m|�-l;m7Ŋ
l;m|� -m7� ;7-r_b1� -m7� ;m�buoml;m|-Ѵ� =-1|ouv� Őo�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;�
Al +�
;ķ�vobѴ�r;u1;m|�vbѴ|�+�1Ѵ-�ķ�lobv|�u;�bm7;�ķ�-m7���7;rovb|bomő�om�
vobѴ���v|o1hvĺ�	�;�|o�|_;�_b]_�1oѴѴbm;-ub|��0;|�;;m�lobv|�u;� bm7;��
and soil Al +�
;�o�b7;�1om|;m|�ŐѴo]Ŋ�|u-mv=oul;7�o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;�
Al +�
;ĸ�u�=�ƏĺƖѵőķ�-�r-u-ѴѴ;Ѵ�v|-|bv|b1-Ѵ�lo7;Ѵ��-v�0�bѴ|�v�0v|b|�|bm]�
lobv|�u;�bm7;��=ou�vobѴ�lbm;u-Ѵo]�ĺ�)_bѴ;�|_;�|�o��u;]om�vb|;v�Őbĺ;ĺķ�
�����-m7�����ő��;u;�0��=-u�|_;��;||;v|�-m7�_-7�|_;�_b]_;v|��-ѴŊ
�;v� =ou� o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;��Ѵ�+� 
;ķ� -� v|uom]� 1ouu;Ѵ-|bom�0;|�;;m�
lobv|�u;� bm7;�� -m7� o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;� �Ѵ� +� 
;� r;uvbv|;7� -=|;u�
;�1Ѵ�7bm]�|_;v;�|�o�vb|;v� Őu�=�ƏĺѶƓőĺ�$o�=�u|_;u�;�-lbm;�1uovvŊ�vb|;�
r-||;umv�o=�vobѴ���v|o1hvķ��;�r;u=oul;7�vblrѴ;�-m7�l�Ѵ|brѴ;� Ѵbm;-u�
u;]u;vvbomv�u;Ѵ-|bm]�rѴ-m|ķ�vobѴ�r_�vb1o1_;lb1-Ѵķ�-m7�;m�buoml;m|-Ѵ�
�-ub-0Ѵ;v�|o�vobѴ���v|o1hv�-1uovv�vb|;vĺ

$o� -vv;vv� _o�� rѴ-m|ķ� ;7-r_b1ķ� -m7� ;m�buoml;m|-Ѵ� =-1|ouv� |oŊ
];|_;uķ�bm�1ol0bm-|bom��b|_�=;u|bѴb�-|bomķ�-==;1|�vobѴ���v|o1hvķ��;�1omŊ
v|u�1|;7�|�o�r-u-ѴѴ;Ѵ�rb;1;�bv;�"��vķ�om;�bm1Ѵ�7bm]�vobѴ�lbm;u-Ѵo]��
-m7�om;� bm1Ѵ�7bm]�lobv|�u;� bm7;�ĺ�$_;�v|uom]�1ouu;Ѵ-|bom�0;|�;;m�
lobv|�u;� bm7;�� -m7� o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;� �Ѵ� +� 
;� ru;�;m|;7� bm1Ѵ�Ŋ
vbom�o=�0o|_��-ub-0Ѵ;v�vbl�Ѵ|-m;o�vѴ�ĺ�$_bv�7-|-v;|�bv��;ѴѴŊ�v�b|;7�=ou�
-m-Ѵ�vbv� �b-�rb;1;�bv;�"��ķ��_b1_� -ѴѴo�v� =ou�m;v|;7�;�r;ubl;m|-Ѵ�
7;vb]mv� -m7� bv� mo|� Ѵblb|;7�0�� vol;�o=� |_;� 1omv|u-bm|v� o=� v|-m7-u7�
"���Ő;ĺ]ĺķ�vl-ѴѴ�v-lrѴ;�vb�;vőĺ�"���lo7;Ѵ�-m-Ѵ�vbv��-v�1-uub;7�o�|�
�b|_� |_;� piecewiseSEM 2.1� !� r-1h-];� Ő�;=1_;1hķ� ƑƏƐѵőĺ� �b;1;�bv;�
"����v;v�|;v|v�o=�7bu;1|;7�v;r-u-|bom�|o�;�-Ѵ�-|;�b=�|_;u;�bv�f�v|b=bŊ
1-|bom�=ou�;�1Ѵ�7bm]�vr;1b=b1�r-|_�-�v�bm�-m��m7;uvr;1b=b;7�lo7;Ѵķ�
-v�olbvvbom�o=�-�lbvvbm]�r-|_�1o�Ѵ7�1_-m];�|_;�bm|;uru;|-|bom�o=�|_;�
o�;u-ѴѴ�lo7;Ѵĺ���;u-ѴѴ�lo7;Ѵ�=b|�bv�;�-Ѵ�-|;7��vbm]�
bv_;uŝv���v|-|bv|b1�
�_b1_�vbl�Ѵ|-m;o�vѴ��;�-Ѵ�-|;v�-ѴѴ� |;v|v�o=�7bu;1|;7�v;r-u-|bom�=ou�
|_;�]b�;m�lo7;Ѵĺ�
ou�-ѴѴ�lbvvbm]�r-|_v�b7;m|b=b;7�bm�o�u�-m-Ѵ�v;vķ��;�
-77;7�|_;�r-|_�-�� bm|o�|_;�lo7;Ѵ�0�|�|u-mvb|bom;7�|o�;�rѴou-|ou��
7-|-�-m-Ѵ�vbv�-|�|_bv�robm|ķ�-v��;�7b7�mo|�_-�;�a priori�_�ro|_;v;v�=ou�
|_;v;�r-|_�-�vĺ��bm;-u�lb�;7�lo7;Ѵv��;u;�=b|�=ou�;-1_�1olrom;m|�
o=� |_;�"��ķ��b|_�0Ѵo1h�m;v|;7��b|_bm�vb|;� |u;-|;7�-v�-� u-m7ol�;=Ŋ
=;1|�bm�-ѴѴ�1-v;vĺ���1olrovb|;��-ub-0Ѵ;��-v�1omv|u�1|;7�|o�u;ru;v;m|�
|_;�;==;1|v�o=�rѴ-m|�0bol-vv�-m7�ruo7�1|b�b|�ĺ�"r;1b=b1-ѴѴ�ķ��;��v;7�
|_;�v|;r���Őő�=�m1|bom�bm�|_;���""�!�r-1h-];�|o�7;|;ulbm;��_b1_�
l;|ub1v�o=�rѴ-m|�0bol-vv�-m7�ruo7�1|b�b|��0;v|�ru;7b1|;7�;-1_�vobѴ���
=u-1|bom�bm�-�l�Ѵ|brѴ;�Ѵbm;-u�u;]u;vvbom�lo7;Ѵĺ��mb|b-Ѵ��-ub-0Ѵ;�v;Ѵ;1Ŋ
tion was based on a priori�_�ro|_;v;v�-m7�r-bu�bv;�1ouu;Ѵ-|bom�1oŊ
;==b1b;m|vķ�-v�7;v1ub0;7�-0o�;ķ�-m7�����lo7;Ѵ�v;Ѵ;1|bom�7;|;ulbm;7�
|_-|�o�u� bmb|b-Ѵ� =�ѴѴ�lo7;Ѵķ� bm1Ѵ�7bm]�uoo|�0bol-vvķ� uoo|�ruo7�1|bomķ�
-m7�-0o�;]uo�m7�0bol-vvķ�0;v|�ru;7b1|;7�vobѴ��� =ou�-ѴѴ� |_u;;� =u-1Ŋ
|bomvĺ���Ѵ|brѴ;�Ѵbm;-u�u;]u;vvbom�1o;==b1b;m|v��;u;�|_;m��v;7�|o�1u;Ŋ
-|;�-� 1olrovb|;��-ub-0Ѵ;� =ou�rѴ-m|�0bol-vv�-m7�ruo7�1|b�b|�ĺ��Ѵ-m|�
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|bvv�;�1_;lbv|u���-v�u;ru;v;m|;7�-v�-��;b]_|;7�-�;u-];�Ő0��u;Ѵ-|b�;�
uoo|� 0bol-vvő� o=� Ѵ;-=� -m7� uoo|��&!Ĺ�ĺ� "obѴ�lbm;u-Ѵo]���-v� u;ru;Ŋ
v;m|;7�-v�|_;�v�l�o=�o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;��Ѵ�-m7�
;ĺ

ƒՊ |Պ !�"&�$"

ƒĺƐՊ |Պ $u;-|l;m|�;==;1|v

�1uovv�mbm;�|;lr;u-|;�]u-vvѴ-m7�vb|;v��-u�bm]��b7;Ѵ��bm��;];|-|bom�
Őbm1Ѵ�7bm]�ruo7�1|b�b|�ķ�vr;1b;v�1olrovb|bomķ�-m7�7b�;uvb|�őķ�;7-r_b1ķ�
-m7� 1Ѵbl-|b1� ruor;u|b;vķ� -� 7;1-7;� o=� �� -m7� �� =;u|bѴb�-|bom� Ő-Ѵom;�
-m7� bm�1ol0bm-|bomő�_-7�mo�;==;1|�om�vobѴ���-m7���rooѴv� Őp > .10; 

b]�u;�ƒőķ�1om1;m|u-|bomv�Őp >�ĺƐƏĸ�$-0Ѵ;�"Ɛķ�
b]�u;�"Ɛőķ�ou�=u-1|bomv�
Őp >�ĺƐƏĸ�
b]�u;�Ɠőĺ�"obѴ���-m7����;u;�|b]_|Ѵ��1ouu;Ѵ-|;7�-1uovv�|u;-|Ŋ
l;m|v�-m7�vb|;vĺ��;u;-=|;u��;�=o1�v�om�vobѴ���u;vromv;vķ�mo|bm]�|_-|�
vobѴ���u;vrom7;7�vblbѴ-uѴ�ĺ

�=|;u�1om|uoѴѴbm]�=ou�7b==;u;m1;v�-lom]�vb|;v�-m7�0Ѵo1hv�bm�-�ѴbmŊ
;-u�lb�;7�lo7;Ѵķ�m�|ub;m|�-l;m7l;m|�_-7�mo�1omvbv|;m|�;==;1|�om�
0�Ѵh�vobѴ���v|o1hv�Őp >�ĺƐƏĸ�
b]�u;�ƒ7őĺ�)_bѴ;�rovb|b�;ķ�m;]-|b�;ķ�-m7�
m�ѴѴ�u;vromv;v�o=���v|o1hv�|o�=;u|bѴb�-|bom��;u;�o0v;u�;7�-|�bm7b�b7�-Ѵ�

vb|;vķ�|_;u;��-v�mo�1omvbv|;m|�7bu;1|bom-Ѵ�u;vromv;�-1uovv�vb|;vķ�vb|;v�
u;1;b�bm]���-v��u;-�ou�-llomb�l�mb|u-|;��;u;�vblbѴ-uѴ��bmv;mvb|b�;�
Ő$-0Ѵ;�"Ɣőķ�-m7��-ub-|bom�7�;�|o�=;u|bѴb�-|bom��-v�vl-ѴѴ�1olr-u;7�|o�
1uovvŊ�vb|;��-ub-|bom�Ő
b]�u;�"Ƒőĺ�$_;�=b�;7�;==;1|v�omѴ��lo7;Ѵ�v_o�;7�
vb]mb=b1-m|�vb|;ķ���-l;m7l;m|ķ�-m7�vb|;�0��m�|ub;m|�-l;m7l;m|�;=Ŋ
=;1|v�Ő$-0Ѵ;�"Ƒőĺ

ƒĺƑՊ |Պ 
-1|ouv�bm=Ѵ�;m1bm]���v|o1h�u;vromv;v�|o�
nutrient addition

�;|ub1v�o=���v�rrѴ��|o�vobѴ�Őbĺ;ĺķ�-0o�;]uo�m7�0bol-vvķ�uoo|�ruoŊ
7�1|bomķ� uoo|�0bol-vvķ� -0o�;]uo�m7� Ѵb||;u��&!Ĺ�ķ� uoo|��&!Ĺ�ő�
7b7�mo|�ru;7b1|�vobѴ���v|o1hvķ�-v�-m-Ѵ��;7��b|_�|_;�1o�-ub-|;�Ѵbm;-u�
lb�;7�lo7;Ѵv�Ő$-0Ѵ;�"ƒőĺ�"obѴ�1_;lbv|u��Őr��-m7�r;u1;m|�roѴ��-Ŋ
Ѵ;m|�0-v;�v-|�u-|bomő�-Ѵvo�7b7�mo|�ru;7b1|�vobѴ���v|o1h�u;vromv;�
|o�m�|ub;m|�-77b|bom�Ő$-0Ѵ;�"Ɠőĺ��-u];�u-m7ol�;==;1|v��-ub-m1;�bm�
|_;v;�1o�-ub-|;�Ѵbm;-u�lb�;7�lo7;Ѵv�v�]];v|v�|_;u;��;u;�v|uom]�
vb|;Ŋ�vr;1b=b1�=-1|ouv�|_-|�bm=Ѵ�;m1;7�vobѴ���v|o1hv�-m7�=u-1|bomvĺ�
�m7;;7ķ�|_;u;��;u;�Ѵ-u];�7b==;u;m1;v�0;|�;;m�l-u]bm-Ѵ�-m7�1omŊ
ditional R2��-Ѵ�;v�bm�|_;�lo7;Ѵv�o=�rѴ-m|�;==;1|v�Ő!2

m =�ƏĺƏƏƐƏķ�


 ��&!� �ƒՊ��|ub;m|�|u;-|l;m|�;==;1|v�
om�0�Ѵh�vobѴ���-m7���rooѴvĺ�
oѴѴo�bm]�
Ѵom]Ŋ�|;ul�m�|ub;m|�-l;m7l;m|�-m7�
l;-v�u;7�=uol�Ə�|o�ƐƔ�1l�7;r|_ķ�Ő-ő�vobѴ�
��v|o1hvķ�Ő0ő�vobѴ���v|o1hvķ�-m7�Ő1ő�vobѴ��Ĺ��
u-|bov�bm�1om|uoѴķ�+�ķ�+�ķ�-m7�+���rѴo|vĺ�
�1uovv�vb|;vķ�|_;u;��;u;�mo�vb]mb=b1-m|�
;==;1|v�o=�=-1|oub-Ѵ���×���-77b|bom�om�
vobѴ���-m7���v|o1hvĺ��;-m�7b==;u;m1;v�
bm�vobѴ���v|o1hv�0;|�;;m�m�|ub;m|�
-l;m7;7�-m7�1om|uoѴ�rѴo|v�v_o�m�bm�Ő7ő�
-v�1o;==b1b;m|v�=uol�Ѵbm;-u�lb�;7�lo7;Ѵ�
Őm�|ub;m|�|u;-|l;m|v�=�=b�;7�;==;1|vķ�
vb|;ņ0Ѵo1h�=�u-m7ol�;==;1|őķ��b|_�robm|v�
u;ru;v;m|bm]�l;-m�|u;-|l;m|�;==;1|v�
-1uovv�-ѴѴ�vb|;v�-m7�;uuou�0-uv�u;ru;v;m|bm]�
ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵvĺ��om=b7;m1;�
bm|;u�-Ѵv�vr-mmbm]�;b|_;u�vb7;�o=��;uo�
bm7b1-|;�mo�vb]mb=b1-m|�7b==;u;m1;v�bm�vobѴ�
��v|o1hv�0;|�;;m�1om|uoѴ�-m7�m�|ub;m|�
-l;m7;7�rѴo|vĺ�"b|;�-00u;�b-|bomv�-v�bm�
$-0Ѵ;�Ɛĺ��o|;�|_-|�om;�+���v-lrѴ;�-|�
�	�$�-m7�om;�+��v-lrѴ;�-|��,���;u;�
lbvvbm]ķ�u;v�Ѵ|bm]�bm�n =�ƐƐѶ�Œ�oѴo�u�=b]�u;�
can be viewed at wileyonlinelibrary.com]
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R2
c =�ƏĺѶƏő�-m7�vobѴ�1_;lb1-Ѵ�;==;1|v� Ő!2

m <�ƏĺƏƏƐķ�!2
c =�ƏĺѶƕő�

om�vobѴ��ķ�bm7b1-|bm]�|_-|�|_;�ru;7b1|ouv�bm�|_;�lo7;Ѵ�-11o�m|;7�
=ou��;u��Ѵb||Ѵ;�o=�|_;�-lom]Ŋ�vb|;��-ub-|bom�bm�|_;�u-m7ol�;==;1|vķ�
�_bѴ;� o|_;u� �ml;-v�u;7� vb|;� =-1|ouv� ;�rѴ-bm;7� lov|� o=� |_;�

�-ub-|bomĺ� �m� |_;�1o�-ub-|;� Ѵbm;-u�lb�;7�lo7;Ѵ��b|_� vb|;� =-1|ouv�
-m7� =;u|bѴb�-|bom� ;==;1|v� ru;7b1|bm]� vobѴ� �� v|o1hvķ� vobѴ� o�-Ѵ-|;Ŋ�
;�|u-1|-0Ѵ;��Ѵ�+�
;��-v�-�vb]mb=b1-m|�=b�;7�;==;1|�-m7�|_;u;��-v�


 ��&!� �ƓՊ��|ub;m|�|u;-|l;m|�;==;1|v�om�vobѴ���=u-1|bomvĺ�
oѴѴo�bm]�Ѵom]Ŋ�|;ul�m�|ub;m|�-l;m7l;m|�-m7�l;-v�u;7�=uol�Ə�|o�ƐƔ�1l�7;r|_ķ�
Ő-ő�Ѵb]_|����Ŋ��ķ�Ő0ő�_;-������Ŋ��ķ�-m7�Ő1ő�����Ŋ���rooѴv�bm�1om|uoѴķ�+�ķ�+�ķ�-m7�+��ĺ��1uovv�vb|;vķ�|_;u;��;u;�mo�vb]mb=b1-m|�;==;1|v�o=�
=-1|oub-Ѵ���×���-77b|bom�om�vobѴ���rooѴv�=ou�-m��vobѴ�=u-1|bomvĺ��b]_|�����rooѴ�vb�;��-v�;v|bl-|;7�0��l-vv�0-Ѵ-m1;�-v�7b==;u;m1;�0;|�;;m�0�Ѵh�
vobѴ���-m7�_;-������Ŋ���+�����Ŋ���rooѴvĺ�	�;�|o�Ѵo����rooѴv�-|�"�(�-m7��	!ķ�;v|bl-|;v�o=�Ѵb]_|������;u;�m;]-|b�;ĸ�|_;v;�robm|v�-u;�
v_o�m�-v�_oѴѴo��1bu1Ѵ;v�-m7�mo|�bm1Ѵ�7;7�bm�1-Ѵ1�Ѵ-|bomv�o=�o�;u-ѴѴ�|u;-|l;m|�l;-mv�-m7�"�ĺ�"b|;�-00u;�b-|bomv�-v�bm�$-0Ѵ;�Ɛĺ��o|;ķ�7�;�|o�roou�
u;1o�;u��o=�vol;�v-lrѴ;vķ�v-lrѴ;�vb�;v�r;u�|u;-|l;m|�=ou�-ѴѴ�=u-1|bomv��;u;�u;7�1;7�|oĹ��om|uoѴ�Őn =�ƑƑőķ�+��Őn =�Ƒѵőķ�+��Őn =�ƑƑőķ�+���ŐƑƐő�
Œ�oѴo�u�=b]�u;�1-m�0;��b;�;7�-|��bѴ;�omѴbm;Ѵb0u-u�ĺ1olœ

TA B L E  2Պ�o�-ub-|;�Ѵbm;-u�lb�;7�lo7;Ѵ�ru;7b1|bm]�_o��m�|ub;m|�
-l;m7l;m|�-m7�;m�buoml;m|-Ѵ�-m7�;7-r_b1�=-1|ouv� 
Ő��7;r�Ʒ�-|lovr_;ub1���7;rovb|bomķ�vbѴ|�Ƴ�1Ѵ-��Ʒ�r;u1;m|�vbѴ|�Ƴ�r;u1;m|�
1Ѵ-�ķ��Ѵ�Ƴ�
;�Ʒ�o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;��Ѵ�Ƴ�
;ő�-==;1|�vobѴ���v|o1hv

Parameter Estimate
Std 
error t- value p- value

+� ƴƏĺƐƏ 1.40 ƴƐĺѵƓ .10

+� 0.10 0.06 0.90 .37

+�� 0.13 0.11 1.45 .15

��7;r 0.00 0.09 ƴƐĺƏƏ .35

"bѴ|�+ clay 0.00 0.01 0.43 .67

�o]�Ő�Ѵ�+�
;ő 0.35 0.16 2.17 .03

��×���7;r 0.00 0.00 ƴƐĺƖƓ .05

!-m7ol�;==;1|v

"b|; 1.51

�Ѵo1h <0.001

Note: R2
marginal = 0.062; R2

conditional = 0.75.

TA B L E  3Պ�o�-ub-|;�Ѵbm;-u�lb�;7�lo7;Ѵ�ru;7b1|bm]�_o��m�|ub;m|�
-l;m7l;m|�-m7�;m�buoml;m|-Ѵ�-m7�;7-r_b1�=-1|ouv� 
Ő��7;r�Ʒ�-|lovr_;ub1���7;rovb|bomķ�vbѴ|�Ƴ�1Ѵ-��Ʒ�r;u1;m|�
vbѴ|�Ƴ�r;u1;m|�1Ѵ-�ő�-==;1|�vobѴ���v|o1hv

Parameter Estimate
Std 
error t- value p- value

+� ƴƏĺƏƔ 0.06 ƴƏĺѶѵ .39

+� 0.07 0.07 0.98 .33

+�� 0.05 0.08 0.54 .59

��7;r ƴƏĺƏƕ 0.04 ƴƐĺƕƕ .13

"bѴ|�+ clay 0.02 0.01 3.28 .00

�obv|�u;�bm7;� 2.59 0.22 11.72 .00

��×���7;r ƴƏĺƏƒ 0.01 ƴƐĺƖƖ .05

!-m7ol�;==;1|v

"b|; 0.24

�Ѵo1h 0.05

Note: R2
marginal = 0.74; R2

conditional = 0.77.
�m-Ѵo]o�v�|o�$-0Ѵ;�Ƒ�0�|�v�0v|b|�|bm]�lobv|�u;�bm7;��=ou�o�-Ѵ-|;Ŋ�
;�|u-1|��Ѵ�+�
;�-v�-�ru;7b1|b�;��-ub-0Ѵ;ĺ
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-� �;-h� bm|;u-1|b�;� ;==;1|� o=� -|lovr_;ub1� �� 7;rovb|bom� -m7� ��
=;u|bѴb�-|bomķ��_bѴ;�vobѴ� |;�|�u;� Őr;u1;m|�vbѴ|�+�r;u1;m|�1Ѵ-�ő�-m7�
��-l;m7l;m|��;u;�mo|�v|-|bv|b1-ѴѴ��vb]mb=b1-m|ĸ� u;]-u7Ѵ;vvķ� |_;�
;�rѴ-m-|ou��ro�;u�o=�|_;�u-m7ol�vb|;�;==;1|v��-v�l�1_�]u;-|;u�
|_-m�|_-|�o=�|_;�=b�;7�;==;1|v�Ő$-0Ѵ;�Ƒķ�!2

m =�ƏĺƏѵƑķ�!2
c =�ƏĺƕƔőĺ�

�b�;m� |_;� v|uom]� 1ouu;Ѵ-|bom� 0;|�;;m� lobv|�u;� bm7;�� -m7�
o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;� �Ѵ�+� 
;� Őu�=� ƏĺƖѵőķ� -� v;r-u-|;� -m7� r-u-ѴѴ;Ѵ�
1o�-ub-|;� Ѵbm;-u� lb�;7� lo7;Ѵ� �-v� 1omv|u�1|;7� �b|_� lobv|�u;�
bm7;�� v�0v|b|�|;7� =ou� o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;� �Ѵ�+� 
;ĸ��_bѴ;� |_;v;�
|�o� v|-|bv|b1-Ѵ�lo7;Ѵv��;u;� Ѵ-u];Ѵ�� vblbѴ-uķ� |�o�mo|-0Ѵ;� 7b==;uŊ
;m1;v� -uov;ĺ� �m� |_;�lo7;Ѵ� bm1Ѵ�7bm]�lobv|�u;� bm7;�� Ő0�|�mo|� bm�
|_;�lo7;Ѵ� bm1Ѵ�7bm]� vobѴ� �Ѵ�+� 
;� o�b7;vőķ� vobѴ� |;�|�u;� Őr;u1;m|�
silt +� 1Ѵ-�ő� �-v� -� vb]mb=b1-m|� ru;7b1|ou� o=� vobѴ� �� -m7� |_;� =b�;7�
;==;1|v�;�rѴ-bm;7�-�Ѵ-u];�-lo�m|�o=�|_;�|o|-Ѵ��-ub-|bom�Ő$-0Ѵ;�ƒķ�
R2

m =�ƏĺƕƓķ�!2
c =�Əĺƕƕőĺ

ƒĺƒՊ |Պ �b;1;�bv;�"���;�-lbmbm]�vobѴ��

)_bѴ;�o�u�Ѵbm;-u�lb�;7�lo7;Ѵbm]�-rruo-1_�u;�;-Ѵ;7�=;��1omvbv|;m|�
7bu;1|�;==;1|v�o=�m�|ub;m|�-l;m7l;m|�ou�rѴ-m|ķ�;7-r_b1ķ�ou�;m�buomŊ
l;m|-Ѵ� =-1|ouv�om�0�Ѵh�vobѴ���v|o1hvķ��;�;�r;1|;7�l-m��o=� |_;v;�
;==;1|v�|o�0;�bm7bu;1|ĺ�$_�vķ��;�1om7�1|;7�rb;1;�bv;�"���-m-Ѵ�vbv�
|o�;�-lbm;�7bu;1|�-m7�bm7bu;1|�1om|uoѴv�om�vobѴ���v|ou-];ĺ��m-Ѵ�vbv�
o=�o�u�bmb|b-Ѵ�"���bm1Ѵ�7bm]�vobѴ�o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;��Ѵ�+�
;�v_o�;7�
�;� �;u;� lbvvbm]� vb]mb=b1-m|� r-|_�-�v� 0;|�;;m� vobѴ� o�-Ѵ-|;Ŋ�
;�|u-1|-0Ѵ;��Ѵ�+�
;�-m7�rѴ-m|�0bol-vv�-m7�ruo7�1|b�b|�ĺ��;u;ķ��;�
ru;v;m|� o�u� u;�bv;7�lo7;Ѵ� v|u�1|�u;ķ� mo|bm]� |_-|� 0�� u;�bvbm]� o�u�
bmb|b-Ѵ�lo7;Ѵ�v|u�1|�u;�|_;�-m-Ѵ�vbv�0;1ol;v�v|ub1|Ѵ��;�rѴou-|ou��bm�
m-|�u;ĺ���;u-ѴѴķ�|_;�vobѴ�lbm;u-Ѵo]��"���;�rѴ-bm;7�ѶƔѷ�o=��-ub-|bom�
bm�vobѴ��� Ő
bv_;uŝv���=�ƐƖĺѶƒƐķ�7=�=�ƑƏķ�p =� ĺƓѶƖőķ��;|�lov|�o=�|_bv�
�-ub-|bom��-v�7�;� |o� |_;� u-m7ol��-ub-m1;� v|u�1|�u;� Ő!2

m =� ƏĺƏƑķ�
R2

c =�ƏĺѶƔő�-m7�|_;u;��;u;�mo�vb]mb=b1-m|�7bu;1|�;==;1|v�o=�-m��;�oŊ
];m;o�v�ou�;m7o];mo�v��-ub-0Ѵ;v�om�vobѴ��� Ő
b]�u;�Ɣ-őĺ��o�;�;uķ�
�� =;u|bѴb�-|bom� Ő-m7� |_;� bm|;u-1|bom� 0;|�;;m� �� =;u|bѴb�-|bom� -m7� 
��7;rovb|bomő�-m7�vobѴ�o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;��Ѵ�+�
;�vb]mb=b1-m|Ѵ��-=Ŋ
=;1|;7� rѴ-m|� 0bol-vvĺ� �b�;m� |_;� v|uom]� 1ouu;Ѵ-|bom� 0;|�;;m� vobѴ�
o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;��Ѵ�+�
;�-m7�lobv|�u;�bm7;��Őru;�;m|bm]�bm1Ѵ�Ŋ
vbom� o=� 0o|_� �-ub-0Ѵ;v� bm� -� vbm]Ѵ;� "��őķ� |_;� "��� -m-Ѵ�vbv� 1-mmo|�
7;|;ulbm;��_;|_;u�|_;�-rr-u;m|�;==;1|�o=�vobѴ�o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;�
Al +� 
;�om�rѴ-m|�0bol-vv� bv�l;1_-mbv|b1�ou� u;=Ѵ;1|v� |_;�;==;1|�o=�
lobv|�u;�om�rѴ-m|�0bol-vvĺ

��u� "��� bm1Ѵ�7bm]� lobv|�u;� bm7;�� Őbmv|;-7� o=� vobѴ� o�-Ѵ-|;Ŋ�
;�|u-1|-0Ѵ;� �Ѵ� +� 
;� -m7� �b|_� -m� -77;7� r-|_� 0;|�;;m� lobv|�u;�
bm7;��-m7�vobѴ�r�ő�;�rѴ-bm;7�Ѷѵѷ�o=��-ub-|bom�bm�vobѴ���Ő
b]�u;�Ɣ0ķ�

bv_;uŝv� ��=� ƑƐĺƕѵƔķ� 7=�=� ƐѶķ� p =� ĺƑƓƒőĺ� �m� 1om|u-v|� |o� |_;� "���
�b|_� vobѴ� o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;� �Ѵ�+� 
;ķ�lov|� o=� |_bv� �-ub-|bom��-v�
-11o�m|;7�=ou��b|_�|_;�=b�;7�;==;1|v�Ő!2

m =�ƏĺƕƖķ�!2
c =�ƏĺѶƔőĺ�$_;u;�

�;u;�vb]mb=b1-m|�7bu;1|�rovb|b�;�;==;1|v�o=�lobv|�u;�bm7;��om�vobѴ��ĺ�
�obv|�u;� bm7;��_-7�-�7bu;1|�m;]-|b�;�;==;1|�om�vobѴ�r�ķ�-m7�vblbŊ
Ѵ-u�|o�|_;�"����b|_�vobѴ��Ѵ�+�
;�o�b7;vķ���=;u|bѴb�-|bom�-m7�|_;�bmŊ
|;u-1|bom�0;|�;;m���=;u|bѴb�-|bom�-m7���7;rovb|bom�-==;1|;7�rѴ-m|�
biomass.

ƒĺƓՊ |Պ "b|;�=-1|ouv�7ub�bm]�vobѴ��

��|ub;m|� |u;-|l;m|� ;==;1|v� om� vobѴ� �� rooѴv� �;u;� vl-ѴѴ� 1olr-u;7�
|o� v|uom]� vb|;� 7b==;u;m1;v� bm� vobѴ��� v|ou-];� Ő$-0Ѵ;� "Ɣőĺ� "b|;� ;==;1|v�
�;u;�r-u|b1�Ѵ-uѴ��v|uom]��_;m�1olr-ubm]�|_;�|�o��u;]om�vb|;v�Őbĺ;ĺķ�
����ķ�����őķ��_b1_�_-�;��o�m]�vobѴv�7olbm-|;7�0��roouѴ��1u�v|-ѴŊ
Ѵbm;�lbm;u-Ѵvķ��b|_�|_;�u;l-bmbm]�v;�;m�vb|;vĺ��m�-�;u-];ķ�|_;��u;]om�
vb|;v�_-7�ƑĺƔ�|bl;v�lou;�vobѴ���1olr-u;7�|o�|_;�o|_;u�v;�;m�vb|;vĺ�
��1Ѵ�7bm]� |_;��u;]om� vb|;vķ� 0�Ѵh� vobѴ� �� v|o1hv��;u;� v|uom]Ѵ�� ru;Ŋ
7b1|;7�0��-0o�;]uo�m7�0bol-vv�Ő
ƐķƖƑ =�ѵƑĺƓƑķ�!2 =�ƏĺƓƏķ�p <�ĺƏƏƐőķ�
0�|� mo|� 0�� uoo|� ruo7�1|bom� Ő
b]�u;� ѵ-ķ0őĺ� "obѴ� |;�|�u;� Őr;u1;m|�
silt +�r;u1;m|�1Ѵ-�ő��-v�-Ѵvo�rovb|b�;Ѵ��u;Ѵ-|;7�|o�0�Ѵh�vobѴ���v|o1hv�
Ő
ƐķƖƑ =� ƐƖƏĺƒķ� !2 =� Əĺѵƕķ� p <� ĺƏƏƐő� -m7�����Ŋ��� Ő
Ɛķѵƕ =� ƒƐƔĺƐķ�
R2 =� ƏĺѶƑķ�p <� ĺƏƏƐő� -1uovv� |_;v;� v;�;m� vb|;v� Ő
b]�u;� ƕ1ķ=őĺ�)_bѴ;�
o�-Ѵ-|;Ŋ�;�|u-1|-0Ѵ;� �Ѵ� +� 
;� �-v� rovb|b�;Ѵ�� u;Ѵ-|;7� |o� ����Ŋ���
-1uovv� |_;� v;�;m� vb|;v� o�|vb7;� �u;]om� Ő
Ɛķѵƕ =� ƐƐƏĺƔķ� !2 =� ƏĺѵƑķ�
p <� ĺƏƏƐĸ� 
b]�u;� ƕ7őķ� �Ѵ�+� 
;� -Ѵvo� v|uom]Ѵ�� ru;7b1|;7� 0�Ѵh� vobѴ� ��
-1uovv�-ѴѴ�mbm;�vb|;v�Ő
ƐķƐƐƔ =�ƓƏƓĺƑķ�!2 =�ƏĺƕѶķ�p <�ĺƏƏƐĸ�
b]�u;�ƕ-őĺ�
"blbѴ-uѴ�ķ�lobv|�u;�bm7;���-v�rovb|b�;Ѵ��u;Ѵ-|;7�|o�0�Ѵh�vobѴ���-1uovv�
-ѴѴ� mbm;� vb|;v� Ő
ƐķƐƐѵ =� ƓƕƏĺƐķ� !2 =� ƏĺѶƏķ�p <� ĺƏƏƐĸ� 
b]�u;� ƕ0őķ� -m7�
rovb|b�;Ѵ��u;Ѵ-|;7�|o�����Ŋ���-=|;u�;�1Ѵ�7bm]�|_;�|�o��u;]om�vb|;v�
Ő
Ɛķѵƕ =�ƔƔĺƏķ�!2 =�ƏĺƓƓķ�p <�ĺƏƏƐĸ�
b]�u;�ƕ;őĺ��77b|bom-ѴѴ�ķ�-1uovv�-ѴѴ�
mbm;�vb|;vķ�����Ŋ���v|o1hv��;u;�rovb|b�;Ѵ��u;Ѵ-|;7�|o�-0o�;]uo�m7�
0bol-vv�Ő
ƐķѶƖ =�ƒѶĺƒƖķ�!2 =�ƏĺƑƖķ�p <�ĺƏƏƐő�0�|�mo|�uoo|�ruo7�1|bom�
Ő
b]�u;�ѵ1ķ7őĺ

ƓՊ |Պ	�"�&""���

ƓĺƐՊ |Պ 
;u|bѴb�-|bom�;==;1|v�om�vobѴ���rooѴv

);�;�-lbm;7�|_;�u;vromv;v�o=�vobѴ���-m7���rooѴv�-m7�=u-1|bomv�|o�
-�7;1-7;�o=���-m7���=;u|bѴb�-|bom�-1uovv�mbm;�|;lr;u-|;�&ĺ"ĺ�]u-vvŊ
Ѵ-m7v�-m7�-vv;vv;7�_o��rѴ-m|ķ�vobѴķ�-m7�;m�buoml;m|-Ѵ�=-1|ouv�l;7bŊ
-|;7�v�1_�u;vromv;v�Ő]b�;m�|_;�|b]_|�1ouu;Ѵ-|bom�0;|�;;m�vobѴ���-m7� 
��r-||;umvķ�_;u;-=|;u��;�u;=;u�omѴ��|o�vobѴ��őĺ��m�1om|u-v|�|o�o�u�bmb|b-Ѵ�
_�ro|_;vbvķ���-m7���bmr�|v�_-7�_b]_Ѵ���-ub-0Ѵ;�;==;1|v�om�0�Ѵh�vobѴ�
���b|_�vb|;Ŋ�vr;1b=b1�m�|ub;m|�;==;1|v�u-m]bm]�=uol�-�~40% decrease 
Ő+��-|��,�ő�|o�-�ƓѶѷ�bm1u;-v;�Ő+���-|��	�$ő�bm�vobѴ��ĺ�)_bѴ;�m�|ubŊ
;m|�;==;1|v�1o�Ѵ7�0;�Ѵ-u];ķ�-lom]Ŋ�vb|;��-ub-0bѴb|��bm�vobѴ����-v�l�1_�
Ѵ-u];uĺ�"obѴ���v|o1hv��-ub;7�m;-uѴ��ƓƏŊ�=oѴ7�-1uovv�vb|;vĺ���u�vb|;v�u;rŊ
u;v;m|�-�v�0v;|�o=�vb|;v�ru;�bo�vѴ��u;rou|;7�|o�v_o��lbmbl-Ѵ�1_-m];�
bm� 0�Ѵh� vobѴ� �� =oѴѴo�bm]� v_ou|Ŋ�|;ul� ŐƑŋ�Ɠ� �;-uvő��� ou� �� =;u|bѴb�-|bom�
Ő�uo�|_;u�;|�-Ѵĺķ�ƑƏƐƖőĺ�$_;�u;v�Ѵ|v�ru;v;m|;7�_;u;�bm7b1-|;�|_-|�vobѴ�
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