
2572Պ |Պ  wileyonlinelibrary.com/journal/gcb Glob Change Biol. 2023;29:2572–2590.© 2023 John Wiley & Sons Ltd.

!;1;b�;7Ĺ�ƒ���Ѵ��ƑƏƑƑՊ |Պ!;�bv;7Ĺ�ƐƓ��1|o0;u�ƑƏƑƑՊ |Պ�11;r|;7Ĺ�ƑѶ��o�;l0;u�ƑƏƑƑ
	��Ĺ�ƐƏĺƐƐƐƐņ]10ĺƐѵѵƒƑ��

R E S E A R C H  A R T I C L E

Assessing long- term impacts of cover crops on soil organic 
carbon in the central US Midwestern agroecosystems

Ziqi Qin1,2 Պ|   Kaiyu Guan1,2,3 Պ|   Wang Zhou1,2 Պ|   Bin Peng1,2Պ|   Jinyun Tang4 Պ|   
Zhenong Jin5 Պ|   Robert Grant6Պ|   Tongxi Hu1,2Պ|   María B. Villamil7Պ|   Evan DeLucia7 Պ|   
Andrew J. Margenot1,7 Պ|   Mishra Umakant8,9Պ|   Zhangliang Chen1,2Պ|   Jonathan Coppess10

Ɛ�]uo;1ov�v|;l�"�v|-bm-0bѴb|���;m|;uķ�
�mv|b|�|;�=ou�"�v|-bm-0bѴb|�ķ��m;u]�ķ�-m7�
�m�buoml;m|ķ�&mb�;uvb|��o=��ѴѴbmobv�-|�
&u0-m-��_-lr-b]mķ�&u0-m-ķ��ѴѴbmobvķ�&"�
2	;r-u|l;m|�o=��-|�u-Ѵ�!;vo�u1;v�-m7�
�m�buoml;m|-Ѵ�"1b;m1;vķ��oѴѴ;];�o=�
�]ub1�Ѵ|�u-Ѵķ��omv�l;u�-m7��m�buoml;m|-Ѵ�
"1b;m1;vķ�&mb�;uvb|��o=��ѴѴbmobv�-|�&u0-m-Ŋ�
�_-lr-b]mķ�&u0-m-ķ��ѴѴbmobvķ�&"�
3�-|bom-Ѵ��;m|;u�=ou�"�r;u1olr�|bm]�
�rrѴb1-|bomvķ�&mb�;uvb|��o=��ѴѴbmobv�-|�
&u0-m-Ŋ��_-lr-b]mķ�&u0-m-ķ��ѴѴbmobvķ�&"�
Ɠ�Ѵbl-|;�"1b;m1;v�	;r-u|l;m|ķ��-�u;m1;�
�;uh;Ѵ;���-|bom-Ѵ��-0ou-|ou�ķ��;uh;Ѵ;�ķ�
�-Ѵb=oumb-ķ�&"�
5	;r-u|l;m|�o=��boruo7�1|v�-m7�
�bov�v|;lv��m]bm;;ubm]ķ�&mb�;uvb|��o=�
�bmm;vo|-ķ��bmm;-roѴbvķ��bmm;vo|-ķ�&"�
ѵ	;r-u|l;m|�o=�!;m;�-0Ѵ;�!;vo�u1;vķ�
&mb�;uvb|��o=��Ѵ0;u|-ķ��7lom|omķ��Ѵ0;u|-ķ�
�-m-7-
7	;r-u|l;m|�o=��uor�"1b;m1;vķ��oѴѴ;];�o=�
�]ub1�Ѵ|�u-Ѵķ��omv�l;u�-m7��m�buoml;m|-Ѵ�
"1b;m1;vķ�&mb�;uvb|��o=��ѴѴbmobv�-|�&u0-m-Ŋ�
�_-lr-b]mķ�&u0-m-ķ��ѴѴbmobvķ�&"�
Ѷ"-m7b-��-|bom-Ѵ��-0ou-|oub;v��-Ѵb=oumb-ķ�
�olr�|-|bom-Ѵ��boѴo]��ş��bor_�vb1vķ�
�-Ѵb=oumb-ķ�&"�
9�obm|��bo�m;u]���mv|b|�|;ķ��-�u;m1;�
�;uh;Ѵ;���-|bom-Ѵ��-0ou-|ou�ķ��-Ѵb=oumb-ķ�
&"�
ƐƏ	;r-u|l;m|�o=��]ub1�Ѵ|�u-Ѵ�-m7�
�omv�l;u��1omolb1vķ��oѴѴ;];�o=�
�]ub1�Ѵ|�u-Ѵķ��omv�l;u�-m7��m�buoml;m|-Ѵ�
"1b;m1;vķ�&mb�;uvb|��o=��ѴѴbmobv�-|�&u0-m-Ŋ�
�_-lr-b]mķ��ѴѴbmobvķ�&u0-m-ķ�&"�

Correspondence
,btb� bm�-m7��-b�����-mķ��]uo;1ov�v|;l�
"�v|-bm-0bѴb|���;m|;uķ��mv|b|�|;�=ou�
"�v|-bm-0bѴb|�ķ��m;u]�ķ�-m7��m�buoml;m|ķ�
&mb�;uvb|��o=��ѴѴbmobv�-|�&u0-m-��_-lr-b]mķ�
&u0-m-ķ����ѵƐѶƏƐķ�&"�ĺ
�l-bѴĹ��btbtbmƑŠbѴѴbmobvĺ;7�; kaiyug@
bѴѴbmobvĺ;7�

Abstract
�o�;u�1uorv�_-�;�0;;m�u;rou|;7�-v�om;�o=�|_;�lov|�;==;1|b�;�ru-1|b1;v�|o� bm1u;-v;�
vobѴ�ou]-mb1�1-u0om�Ő"��ő�=ou�-]uo;1ov�v|;lvĺ��lr-1|v�o=�1o�;u�1uorv�om�"���1_-m];�
�-u��7;r;m7bm]�om�vobѴ�ruor;u|b;vķ�1Ѵbl-|;ķ�-m7�l-m-];l;m|�ru-1|b1;vķ�0�|�b|�u;l-bmv�
�m1Ѵ;-u�_o��|_;v;�1om|uoѴ�=-1|ouv�-==;1|�"���0;m;=b|v�=uol�1o�;u�1uorvķ�-v��;ѴѴ�-v�
�_b1_�l-m-];l;m|�ru-1|b1;v�1-m�l-�blb�;�"���0;m;=b|vĺ�$o�-77u;vv�|_;v;�t�;v|bomvķ�
�;� �v;7� -m� -7�-m1;7� ruo1;vvŊ�0-v;7� -]uo;1ov�v|;l� lo7;Ѵķ� ecosysķ� |o� -vv;vv� |_;�
blr-1|v�o=��bm|;u�1o�;u�1uorrbm]�om�"���-11�l�Ѵ-|bom��m7;u�7b==;u;m|�;m�buoml;m|-Ѵ�
-m7�l-m-];l;m|�1om7b|bomvĺ�);�-bl;7�|o�-mv�;u�|_;�=oѴѴo�bm]�t�;v|bomvĹ�ŐƐő�$o��_-|�
;�|;m|� 7o� 1o�;u� 1uorv� 0;m;=b|� "��� -11�l�Ѵ-|bomķ� -m7� _o��7o� "���0;m;=b|v� =uol�
1o�;u�1uorv��-u���b|_�7b==;u;m|�=-1|ouv�Őbĺ;ĺķ� bmb|b-Ѵ�vobѴ�ruor;u|b;vķ�1o�;u�1uor�|�r;vķ�
1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7ķ�-m7�1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�
|bl;őĵ�ŐƑő��o��1-m��;�;m_-m1;�"���0;m;=b|v�=uol�1o�;u�1uorv��m7;u�7b==;u;m|�1o�;u�
1uor�l-m-];l;m|�or|bomvĵ�"r;1b=b1-ѴѴ�ķ��;�=buv|�1-Ѵb0u-|;7�-m7��-Ѵb7-|;7�|_;�ecosys 
lo7;Ѵ� -|� |�o� Ѵom]Ŋ�|;ul� =b;Ѵ7� ;�r;ubl;m|� vb|;v��b|_� "���l;-v�u;l;m|v� bm� �ѴѴbmobvĺ�
);�|_;m�-rrѴb;7�|_;�ecosys�lo7;Ѵ�|o�vb��1o�;u�1uor�=b;Ѵ7�;�r;ubl;m|�vb|;v�vr-mmbm]�
-1uovv� �ѴѴbmobv�|o�-vv;vv�|_;� blr-1|v�o=�7b==;u;m|�=-1|ouv�om�"���-11�l�Ѵ-|bomĺ���u�
lo7;Ѵbm]�u;v�Ѵ|v�u;�;-Ѵ;7�|_;�=oѴѴo�bm]�=bm7bm]vĹ� ŐƐő��uo�bm]�1o�;u�1uorv�1-m�0ubm]�
"���0;m;=b|v�0��ƏĺƒƒՓ±ՓƏĺƏѵ��]��_-ƴƐ yearƴƐ�bm�vb��1o�;u�1uor�=b;Ѵ7�;�r;ubl;m|�vb|;v�
-1uovv��ѴѴbmobvķ�-m7�|_;�"���0;m;=b|v�-u;�vr;1b;v�vr;1b=b1�|o�Ѵ;]�l;�-m7�momŊ�Ѵ;]�l;�
1o�;u�1uorvĺ�ŐƑő��mb|b-Ѵ�"���v|o1hv�-m7�1Ѵ-��1om|;m|v�_-7�o�;u-ѴѴ�vl-ѴѴ�bm=Ѵ�;m1;v�om�
"��� 0;m;=b|v� =uol� 1o�;u� 1uorvĺ� 	�ubm]� |_;� 1o�;u� 1uor� ]uo�|_� r;ubo7� Őbĺ;ĺķ� �bm|;u�
-m7�vrubm]�bm�|_;�&"��b7�;v|őķ�_b]_�|;lr;u-|�u;�bm1u;-v;7�"���0;m;=b|v�=uol�1o�;u�
1uorvķ��_bѴ;� |_;� blr-1|v� =uol� Ѵ-u];u� ru;1brb|-|bom�om�"���0;m;=b|v� �-ub;7� =b;Ѵ7� 0��
=b;Ѵ7ĺ� Őƒő�$_;�"���0;m;=b|v�=uol�1o�;u�1uorv�1-m�0;�l-�blb�;7�0��or|blb�bm]�1o�;u�
1uor�l-m-];l;m|� ru-1|b1;v� Ő;ĺ]ĺķ� v;Ѵ;1|bm]� 1o�;u� 1uor� |�r;v� -m7� 1om|uoѴѴbm]� 1o�;u�
1uor�]uo�|_�r;ubo7ő�=ou�|_;�&"��b7�;v|;um�l-b�;ŋ�vo�0;-m�uo|-|bom�v�v|;lĺ�
bm-ѴѴ�ķ�
�;�7bv1�vv;7�|_;�;1omolb1�-m7�roѴb1��blrѴb1-|bomv�o=�-7or|bm]�1o�;u�1uorv�bm�|_;�&"�
�b7�;v|ķ�bm1Ѵ�7bm]�|_-|�1�uu;m|�;1omolb1�bm1;m|b�;v�|o�]uo��1o�;u�1uorv�l-��mo|�0;�
v�==b1b;m|�|o�1o�;u�1ov|vĺ�$_bv�v|�7��v�v|;l-|b1-ѴѴ��-vv;vv;7�1o�;u�1uor�blr-1|v�=ou�
"��� 1_-m];� bm� |_;�&"��b7�;v|� 1om|;�|ķ��_bѴ;� -Ѵvo� 7;lomv|u-|bm]� |_-|� |_;�ecosys 

mailto:
https://orcid.org/0000-0001-5854-0323
mailto:
https://orcid.org/0000-0002-3499-6382
https://orcid.org/0000-0002-8432-9828
https://orcid.org/0000-0002-4792-1259
https://orcid.org/0000-0002-1252-2514
https://orcid.org/0000-0003-3400-6286
https://orcid.org/0000-0003-0185-8650
mailto:ziqiqin2@illinois.edu
mailto:kaiyug@illinois.edu
mailto:kaiyug@illinois.edu
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fgcb.16632&domain=pdf&date_stamp=2023-02-28


ՊՍՊ |ՊƑƔƕƒQIN et al.

ƐՊ |Պ ��$!�	&�$���

"obѴ�_oѴ7v�m;-uѴ��ѶƏѷ�o=�|_;��-u|_ŝv�1-u0om�bm�|_;�|;uu;v|ub-Ѵ�;1oŊ
v�v|;l�Ő�m|Ѵ�ş�"1_�Ѵ|;ķ�ƑƏƐƑőķ�-m7�-]ub1�Ѵ|�u-Ѵ�Ѵ-m7v�_-�;�|_;�Ѵ-u]Ŋ
;v|� 1-u0om� v|ou-];�-lom]�-ѴѴ� |_;� Ѵ-m7��v;� |�r;v� Ő�-Ѵķ� ƑƏƏѶőĺ� "obѴ�
ou]-mb1�1-u0om� Ő"��őķ��_b1_� bv�1-u0om�v|ou;7�-v�ou]-mb1�=oulv� bm�
|_;�vobѴķ�rѴ-�v�-�1ub|b1-Ѵ�uoѴ;�bm��-ubo�v�;1ov�v|;l�ruo1;vv;vķ�bm1Ѵ�7Ŋ
bm]�r_�vb1-Ѵ�ruo1;vv;v�o=�l-bm|-bmbm]�vobѴ�r_�vb1-Ѵ� v|u�1|�u;v�-m7�
vobѴ��-|;u�u;|;m|bomķ�-m7�0bo1_;lb1-Ѵ�ruo1;vv;v�o=�v�rrou|bm]�vobѴ�
lb1uo0;� -1|b�b|b;v� -m7� vobѴ� =;u|bѴb|�� Ő�m|Ѵ� ş� "1_�Ѵ|;ķ� ƑƏƐƑőĺ� "ol;�
-]ub1�Ѵ|�u-Ѵ� ru-1|b1;v� _-�;� |_;� -0bѴb|�� |o� v;t�;v|;u� -|lovr_;ub1�
��2� bm|o� Ѵ-m7� -m7� bm1u;-v;� "��ķ� v�1_� -v� moŊ�|bѴѴķ� 1o�;u� 1uorķ� -m7�
0bo1_-u� Ő�-b� ;|� -Ѵĺķ� ƑƏƐƖĸ�)-m]� ş�)-m]ķ� ƑƏƐƖőķ� -m7� |_;v;� ru-1Ŋ
|b1;v�_-�;�0;;m�u;1;m|Ѵ��m-l;7�-v�1Ѵbl-|;Ŋ�vl-u|�=-ulbm]�ru-1|b1;v�
7�;� |o� |_;bu� ro|;m|b-Ѵ� 1om|ub0�|bom� bm� lb|b]-|bm]� 1Ѵbl-|;� 1_-m];�
Ő�brr;u�;|�-Ѵĺķ�ƑƏƐƓőĺ��lom]�7b==;u;m|�1Ѵbl-|;Ŋ�vl-u|�=-ulbm]�ru-1Ŋ
|b1;vķ� rѴ-m|bm]� 1o�;u� 1uorv�_-v�0;;m� v;;m� -v�om;�o=� |_;�lov|� ;=Ŋ
=;1|b�;�ru-1|b1;v�|o�bm1u;-v;�"���Ő��;m;|�;|�-Ѵĺķ�ƑƏƑƐĸ��o;rѴ-��ş�
	omķ�ƑƏƐƔĸ�,_-m]�;|�-Ѵĺķ�2022őĺ��m�|_;�&"��b7�;v|�1om|;�|ķ�rѴ-m|bm]�
1o�;u� 1uor�l;-mv� =b||bm]�-�momŊ�_-u�;v|;7�1uor�7�ubm]� |_;��bm|;u�
r;ubo7� 0;|�;;m� |_;� |�o� v�ll;u� ]uo�bm]� v;-vomvķ��_b1_� bv� ru;Ŋ
7olbm-|;Ѵ��-�l-b�;�ŐZea mays��ĺőŋ�vo�0;-m�ŐGlycine max��ő�uo|-|bom�
v�v|;l�Ő�;_mh;�ş�(bѴѴ-lbѴķ�ƑƏƐƖőĺ�"|�7b;v�_-�;�=o�m7�|_-|�rѴ-m|bm]�
�bm|;u�1o�;u�1uorv�bm�|_;�&mb|;7�"|-|;v�Ѵ;-7v�|o�"���-11�l�Ѵ-|bom�
-m7�-Ѵvo�0ubm]v�-�m�l0;u�o=�1oŊ�0;m;=b|vķ�bm1Ѵ�7bm]�u;7�1bm]�mb|uoŊ
];m� Ѵ;-1_bm]ķ� vѴo�bm]� 7o�m� vobѴ� ;uovbomķ� -m7� v�rru;vvbm]��;;7v�
Ő�07-ѴѴ-�;|�-Ѵĺķ�ƑƏƐƖőĺ

!;7�1bm]� 1-u0om� ;lbvvbom� -m7� bm1u;-vbm]� vobѴ� 1-u0om� v|ou-];�
|_uo�]_� 1Ѵbl-|;Ŋ�vl-u|� =-ulbm]�ru-1|b1;v�_-v� ]-bm;7�lou;� |u-1|bom�
-m7�lol;m|�l�7�;�|o�|_;��u];m|�vo1b;|-Ѵ�m;;7v�|o�1ol0-|�1Ѵbl-|;�
1_-m];� -m7� bm1u;-vbm]� bm�;v|l;m|v� =uol� r�0Ѵb1� -m7� rub�-|;� v;1Ŋ
|ouv� Ő�Ѵ7=b;Ѵ7�;|�-Ѵĺķ�ƑƏƑƐķ�2022ĸ�"lb|_�;|�-Ѵĺķ�2020őĺ�$-u];|bm]� |_;�
]Ѵo0-Ѵ��-ulbm]�0;Ѵo��ƑŦ��]o-Ѵ�u;t�bu;v�7u-v|b1�1_-m];�|o�u;7�1;�-�
Ѵ-u];� -lo�m|� o=� ]u;;m_o�v;� ]-v� Ő���ő� ;lbvvbomvķ� -m7� -]ub1�Ѵ|�u;�
v;u�;v�-v�-m�blrou|-m|�v;1|ou�|o�1om|ub0�|;�|o�|_bv�]o-Ѵ�Ő����ķ�ƑƏƐƓķ�
ƑƏƐƖőĺ��o|_�]o�;uml;m|� -];m1b;v� -m7� bm7�v|ub;v�m;;7� |o�t�-m|b=��
"���0;m;=b|v� =uol� 1Ѵbl-|;Ŋ�vl-u|� =-ulbm]� ru-1|b1;vķ� -lom]��_b1_�
rѴ-m|bm]� 1o�;u� 1uorv� bv� om;� o=� |_;� l-fou� ru-1|b1;v� |o� 0;� -rrѴb;7ĺ�
�;�;u|_;Ѵ;vvķ�-m�-11�u-|;�-m7�1ov|Ŋ�;==b1b;m|�"���0;m;=b|�t�-m|b=bŊ
1-|bom�l;|_o7� bv� v|bѴѴ� Ѵ-u];Ѵ�� �m-�-bѴ-0Ѵ;� Ő��-m� ;|� -Ѵĺķ� ƑƏƑƐőĺ��o��
v�11;vv=�ѴѴ��|_bv�m;;7�1o�Ѵ7�0;�=�Ѵ=bѴѴ;7ķ�|o�-�Ѵ-u];�;�|;m|ķ�7;|;ulbm;v�

|_;�=�|�u;�-7or|bom�o=�1o�;u�1uorv�-m7�o|_;u�1Ѵbl-|;Ŋ�vl-u|�=-ulbm]�
ru-1|b1;vĺ

$u-7b|bom-ѴѴ�ķ� u;v;-u1_;uv� �v;� vobѴ� v-lrѴbm]� bm� r-bu;7� =b;Ѵ7� ;�Ŋ
r;ubl;m|v� Őbĺ;ĺķ� �b|_Ŋ�� -m7� �b|_o�|Ŋ�1o�;uŊ�1uor� 1om7b|bomv� bm� -7f-Ŋ
1;m|� =b;Ѵ7vő� |o�t�-m|b=��"���0;m;=b|v� =uol�1o�;u�1uorv� Ő�o;rѴ-��ş�
	omķ�ƑƏƐƔőĺ��o�;�;uķ�=b;Ѵ7�;�r;ubl;m|v�_-�;�vr-|b-Ѵ�-m7�|;lrou-Ѵ�
Ѵblb|-|bomv� bm�7;|;ulbmbm]�|_;�l-]mb|�7;�o=�1o�;u�1uor� blr-1|v�om�
"��ĺ�"r;1b=b1-ѴѴ�ķ�lov|�=b;Ѵ7�v|�7b;v�o=�1o�;u�1uorv�-u;�vb|;�vr;1b=b1�
-m7�];m;u-ѴѴ���b|_�-�v_ou|�|bl;�vr-m�Ő;ĺ]ĺķ�<ƔՓ�;-uvőķ��v�-ѴѴ��Ѵ;-7bm]�
|o�Ѵ-u];u��m1;u|-bm|b;v�bm�"���l;-v�u;l;m|v�1olr-u;7�|o�"���0;mŊ
;=b|v�=uol�1o�;u�1uorv�Ő�-bѴѴ-u7�;|�-Ѵĺķ�ƑƏƐƕĸ��o|-v_�;|�-Ѵĺķ�2022őĺ��v�
l;m|bom;7�-0o�;ķ��vbm]�vobѴ�v-lrѴbm]v�|o�l;-v�u;�"���0;m;=b|v�u;Ŋ
t�bu;v�0o|_��b|_Ŋ��-m7��b|_o�|Ŋ�1o�;uŊ�1uor�1om7b|bomvĺ�$_;��b|_o�|Ŋ�
1o�;uŊ�1uor�1om7b|bomv�-u;�-Ѵvo�1-ѴѴ;7�ľ|_;�0-v;Ѵbm;ĺĿ��o�;�;uķ��mѴbh;�
u;v;-u1_�=b;Ѵ7v�|_-|�_-�;�r-bu;7�rѴo|v�bm1Ѵ�7bm]�|_;�0-v;Ѵbm;ķ�bm�lov|�
1oll;u1b-Ѵ�1o�;u�1uor�=b;Ѵ7vķ�|_;�0-v;Ѵbm;�7o;v�mo|�;�bv|ĺ�$o�1u;-|;�
|_;�0-v;Ѵbm;� bm�"���0;m;=b|�t�-m|b=b1-|bomķ� =-ul;uv�_-�;� |o� bm|;mŊ
|bom-ѴѴ��l-m-];� |_;� v;|Ŋ�-vb7;� rѴo|vķ��_b1_� bv� m;b|_;u� ru-1|b1-Ѵ� mou�
1om�;mb;m|ĺ�$_�vķ�b|�bv�7b==b1�Ѵ|�|o�t�-m|b=��"���0;m;=b|v�7bu;1|Ѵ��-|�
1oll;u1b-Ѵ�1o�;u�1uor�=b;Ѵ7v�0-v;7�om�vobѴ�v-lrѴbm]ĺ

$o�-77u;vv� |_;�-0o�;� bvv�;v� =uol�vobѴ� v-lrѴbm]ķ�ruo1;vvŊ�0-v;7�
lo7;Ѵv�ruo�b7;�-m�-Ѵ|;um-|b�;�-rruo-1_�|o�t�-m|b=��1-u0omŊ�u;Ѵ-|;7�
0;m;=b|v� =uol� ru-1|b1;vķ� 0-v;7� om� |_;� =oѴѴo�bm]� u-|bom-Ѵ;v� Ő�;m]�
;|�-Ѵĺķ�2020ĸ�"lb|_�;|�-Ѵĺķ�2020őĺ�
buv|ķ�ruo1;vvŊ�0-v;7�lo7;Ѵv�_-�;�|_;�
1-r-0bѴb|��o=�vbl�Ѵ-|bm]�Ѵom]Ŋ�|;ul�ru-1|b1;v�bm�-m��=b;Ѵ7�|o�t�-m|b=��
|_;�"���0;m;=b|v�=uol�1o�;u�1uorvĺ�";1om7ķ�ruo1;vvŊ�0-v;7�lo7;Ѵv�
-u;�u;-7bѴ��-0Ѵ;�|o�t�-m|b=��"���0;m;=b|v�=uol�1o�;u�1uorv�-v�|_;�7b=Ŋ
=;u;m1;�o=�"���1_-m];v�0;|�;;m��b|_Ŋ��-m7��b|_o�|Ŋ�1o�;uŊ�1uor�1omŊ
7b|bomvķ� ;�;m� b=� �b|_o�|Ŋ�1o�;uŊ�1uor� 1om7b|bomv� -u;� 1o�m|;u=-1|�-Ѵĺ�
$_;v;�-7�-m1;l;m|v�o=�ruo1;vvŊ�0-v;7�lo7;Ѵv�l-h;�|_;l�;==;1|b�;�
|ooѴv�bm�t�-m|b=�bm]�1o�;u�1uor�"���0;m;=b|vĺ��o�;�;uķ�b|�bv�blrou|Ŋ
-m|�|o�0;�-�-u;�|_-|��m1omv|u-bm;7�ou��m1-Ѵb0u-|;7�lo7;Ѵv��b|_�7;Ŋ
=-�Ѵ|�r-u-l;|;uv��v�-ѴѴ��Ѵ;-7�|o�Ѵ-u];��m1;u|-bm|b;v�bm�|_;�vbl�Ѵ-|;7�
u;v�Ѵ|v�Ő�;�;|�-Ѵĺķ�ƑƏƐƕĸ��;m]�;|�-Ѵĺķ�2020őĺ�$_�vķ�-Ѵ|_o�]_�ruo1;vvŊ�
0-v;7�lo7;Ѵv�1-m�0;�;==;1|b�;�bm�t�-m|b=�bm]�1-u0omŊ�u;Ѵ-|;7�0;m;Ŋ
=b|vķ�|_;��m;;7�|o�0;�1-u;=�ѴѴ��1-Ѵb0u-|;7�-m7��-Ѵb7-|;7��b|_�]uo�m7�
|u�|_�7-|-�0;=ou;�0;bm]�-rrѴb;7�=ou�t�-m|b=b1-|bom�Ő�;m]�;|�-Ѵĺķ�2020; 
"lb|_�;|�-Ѵĺķ�2020őĺ

�Ѵ|_o�]_�1o�;u�1uorv�1o�Ѵ7�0ubm]�0;m;=b|v�|o�"��ķ�b|�bv�mo|��;ѴѴ�
�m7;uv|oo7�_o��-m7�|o��_-|�;�|;m|�7b==;u;m|�=-1|ouvķ�v�1_�-v� bmbŊ
|b-Ѵ�vobѴ�ruor;u|b;vķ�1o�;u�1uor�|�r;vķ�1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�

Funding information

o�m7-|bom�=ou�
oo7�-m7��]ub1�Ѵ|�u;�
!;v;-u1_ĸ��ѴѴbmobv���|ub;m|�!;v;-u1_�
ş��7�1-|bom��o�m1bѴ�Ő�!��őĸ��"
�
��!��!���-u7ķ��u-m|ņ��-u7���l0;uĹ�
ƐѶƓƕƒƒƓĸ�&"	����
���uo]u-lķ��u-m|ņ
��-u7���l0;uĹ�ƑƏƐƕŊ�ѵƕƏƐƒŊ�ƑѵƑƔƒ�-m7�
ƑƏƐѶŊ�ѵѶƏƏƑŊ�ƑƕƖѵƐ

lo7;Ѵķ��b|_�ub]ouo�v��-Ѵb7-|bom��vbm]�=b;Ѵ7�;�r;ubl;m|�7-|-ķ�1-m�0;�-m�;==;1|b�;�|ooѴ�
|o�]�b7;�|_;�-7-r|b�;�l-m-];l;m|�o=�1o�;u�1uorv�-m7�t�-m|b=��"���0;m;=b|v� =uol�
1o�;u� 1uorvĺ� $_;� v|�7�� |_�v� ruo�b7;v� ru-1|b1-Ѵ� |ooѴv� -m7� bmvb]_|v� =ou� ru-1|b|bom;uv�
-m7�roѴb1�Ŋ�l-h;uv�|o�7;vb]m�1o�;u�1uor�u;Ѵ-|;7�]o�;uml;m|�-]ub1�Ѵ|�u-Ѵ�roѴb1b;v�-m7�
bm1;m|b�;�ruo]u-lv�=ou�=-ul;uv�-m7�-]ubŊ�=oo7�u;Ѵ-|;7�bm7�v|ub;vĺ

� � + )� !	 "
1o�;u�1uorķ�ecosysķ�l-m-];l;m|�ru-1|b1;vķ�ruo1;vvŊ�0-v;7�lo7;Ѵvķ�vobѴ�ou]-mb1�1-u0om�Ő"��őķ�
&"��b7�;v|

 13652486, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/gcb.16632 by U

niversity O
f Illinois A

t U
rbana C

ham
paign, W

iley O
nline Library on [30/06/2023]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



ƑƔƕƓՊ |ՊՊՍ QIN et al.

]uo�|_�r;ubo7ķ�-m7�1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;�1om|uoѴ�
"���0;m;=b|v�=uol�1o�;u�1uorvĺ�"���0;m;=b|v�=uol�1o�;u�1uorv��-u��
-lom]�7b==;u;m|�=b;Ѵ7vķ��_b1_�u-m];v�=uol�ƏĺƐ�|o�Ɛ��]��_-ƴƐ yearƴƐ 
0-v;7�om�;-uѴb;u�l;|-Ŋ�v|�7b;v�-m7�7b==;u;m|�=-1|ouv�Ѵ;-7�|o�|_;��-ubŊ
-|bomv�Ő�07-ѴѴ-�;|�-Ѵĺķ�ƑƏƐƖĸ��Ѵ-m1oŊ��-mt�b�;|�-Ѵĺķ�ƑƏƐƔĸ��b-mķ�	�ķ�ş�
"|;�-u|ķ�2020ĸ��o;rѴ-��ş�	omķ�ƑƏƐƔőĺ��Ѵ|_o�]_�v|�7b;v�v_o��|_-|�
"��� 7;1u;-v;v� =-v|;u� bm� vobѴv� �b|_� _b]_;u� bmb|b-Ѵ� "��� v|o1hv� -m7�
Ѵo�;u�1Ѵ-��1om|;m|vķ� b|� bv�mo|�1Ѵ;-u�|o��_-|�;�|;m|� bmb|b-Ѵ�vobѴ�ruorŊ
;u|b;v�Ő;ĺ]ĺķ�"���v|o1h�-m7�1Ѵ-��1om|;m|ő�-==;1|�"���1_-m]bm]�u-|;v�
-m7� "��� 0;m;=b|v� =uol� 1o�;u� 1uorv� Ő�o;rѴ-�� ş� 	omķ� ƑƏƐƔőĺ� $_;�
blr-1|v�=uol�ru;1brb|-|bom�-m7�|;lr;u-|�u;�7�ubm]�|_;�1o�;u�1uor�
]uo�|_�r;ubo7�om�"���0;m;=b|v�1-m�0;�vb|;�vr;1b=b1�-m7�|_;��m7;uŊ
Ѵ�bm]�r-|_�-�v�u;l-bm��m1Ѵ;-u�Ő�07-ѴѴ-�;|�-Ѵĺķ�ƑƏƐƖĸ��Ѵ-m1oŊ��-mt�b�
;|�-Ѵĺķ�ƑƏƐƔĸ��b-mķ�	�ķ�ş�"|;�-u|ķ�2020őĺ��m�-77b|bom�|o�|_;�-0o�;�;mŊ
�buoml;m|-Ѵ�=-1|ouvķ�1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;�rѴ-��
blrou|-m|�uoѴ;v�bm�1om|uoѴѴbm]�"���0;m;=b|v�=uol�1o�;u�1uorvĺ��-uѴb;u�
rѴ-m|bm]�-m7�Ѵ-|;u�|;ulbm-|bm]�1-m�Ѵ;-7�|o�Ѵ-u];u�1o�;u�1uor�0bol-vvķ�
-m7�|_�v�Ѵ;-7bm]�|o�Ѵ-u];u�"���0;m;=b|v�Ő!ov-�;|�-Ѵĺķ�ƑƏƑƐőĺ��o�;�;uķ�
b|�u;l-bmv��m1Ѵ;-u�_o��-�Ѵom];u�1o�;u�1uor�]uo�|_�r;ubo7�bm1u;-v;v�
"���0;m;=b|v�t�-m|b|-|b�;Ѵ�ĺ�)b|_�|_;v;� bvv�;v��mvoѴ�;7ķ�ruo1;vvŊ�
0-v;7�lo7;Ѵvķ��b|_� ub]_|� u;ru;v;m|-|b�;v� o=� �m7;uѴ�bm]� ruo1;vv;v�
-=|;u� 1-Ѵb0u-|bom� -m7� �-Ѵb7-|bomķ� 1-m� 0;� -rrѴb;7� |o� -77u;vv� |_;v;�
t�;v|bomvĺ�$_uo�]_�v;mvb|b�b|��-m-Ѵ�vbvķ�ruo1;vvŊ�0-v;7�lo7;Ѵv�|_-|�
_-�;�v�==b1b;m|�vor_bv|b1-|bom�bm�|_;bu�ruo1;vv;v�-Ѵvo�_-�;�|_;�1-r-Ŋ
0bѴb|��|o�u;�;-Ѵ�|_;�blr-1|v�=uol�7b==;u;m|�=-1|ouv�om�"���0;m;=b|v�
=uol�1o�;u�1uorvĺ

�m� |_bv� v|�7�ķ��;�-bl� |o�t�-m|b=�� |_;�"���0;m;=b|v� =uol�1o�;u�
1uorv� �m7;u� 7b==;u;m|� 1om7b|bomv� bm� 1Ѵbl-|;� -m7� vobѴ� ruor;u|b;v�
|_uo�]_�1-Ѵb0u-|bm]�-m7��-Ѵb7-|bm]�-�ruo1;vvŊ�0-v;7�lo7;Ѵ��b|_�=b;Ѵ7Ŋ�
l;-v�u;7�1o�;u�1uor�-m7�"���7-|-ĺ�);�-Ѵvo�-bl�|o�u;�;-Ѵ�|_;�r-|_Ŋ
�-�v�o=�_o��7b==;u;m|�1om|uoѴѴbm]�=-1|ouv�Őbĺ;ĺķ�bmb|b-Ѵ�vobѴ�ruor;u|b;vķ�
1o�;u�1uor�|�r;vķ�1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7ķ�-m7�
1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]� |bl;ő�-==;1|� |_;�"���0;m;=b|v�
=uol� 1o�;u� 1uorvĺ� "r;1b=b1-ѴѴ�ķ� �;� =buv|� �v;7� |�o� vb|;v� �b|_� Ѵom]Ŋ�
|;ul�"���l;-v�u;l;m|v�|o�1-Ѵb0u-|;�-m7��-Ѵb7-|;�|_;�ecosys model. 
�m;� bv� |_;� �ouuo�� rѴo|v� Ѵo1-|;7� bm� �_-lr-b]m� �o�m|�ķ� �ѴѴbmobv�
�b|_� ƐƏƏՓ�;-uv� o=� "���l;-v�u;l;m|v� -|� Əŋ�ƏĺƐƔ�l� 7;r|_� Ő�u;=�ş�
)-m7;uķ� ƐƖƖƕőĺ� $_;� o|_;u� bv� |_;�	b�om� "rubm]v� 1o�;u� 1uor� ;�r;uŊ
bl;m|� vb|;� Ѵo1-|;7� bm� �or;��o�m|�ķ� �ѴѴbmobv��b|_� ƐƑՓ�;-uv� Əŋ�ƏĺƕƔՓl�
"���l;-v�u;l;m|v�Ő�Ѵvom�;|�-Ѵĺķ�ƑƏƐƏķ�ƑƏƐƓőĺ�$_;mķ��;��v;7�ecosys 
|o�vbl�Ѵ-|;�"���0;m;=b|v�=uol�1o�;u�1uorv�-|�vb��1o�;u�1uor�;�r;uŊ
bl;m|�vb|;v�-1uovv� �ѴѴbmobvķ��_;u;��;�_-�;�ru;�bo�vѴ���-Ѵb7-|;7� |_;�
r;u=oul-m1;�o=�ecosys� =ou� |_;�l-b�;� -m7� vo�0;-m��b;Ѵ7� -v��;ѴѴ� -v�
1o�;u�1uor�0bol-vv�Ő bm�;|�-Ѵĺķ�ƑƏƑƐőĺ�
bm-ѴѴ�ķ��;�v�m|_;vb�;7�|_;�blŊ
r-1|v�o=�7b==;u;m|�=-1|ouv�om�"���0;m;=b|vĺ��m�|_bv�v|�7�ķ��;�-bl�|o�
-mv�;u�|�o�v1b;m|b=b1�t�;v|bomvĹ�ŐƐő�$o��_-|�;�|;m|�7o�1o�;u�1uorv�
0;m;=b|� "��� -11�l�Ѵ-|bomķ� -m7� _o�� 7o� "��� 0;m;=b|v� =uol� 1o�;u�
1uorv� �-u���b|_� 7b==;u;m|� 1om|uoѴѴbm]� =-1|ouv� Őbĺ;ĺķ� bmb|b-Ѵ� vobѴ� ruorŊ
;u|b;vķ�1o�;u�1uor�|�r;vķ�1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;Ŋ
ubo7ķ�-m7�1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;őĵ�ŐƑő��o��1-m��;�
;m_-m1;�"���0;m;=b|v�=uol�1o�;u�1uorv��m7;u�7b==;u;m|�1o�;u�1uor�
l-m-];l;m|�or|bomv�Ő;ĺ]ĺķ�v;Ѵ;1|bm]�1o�;u�1uor�|�r;v�-m7�1om|uoѴѴbm]�
1o�;u�1uor�]uo�|_�r;ubo7őĵ

ƑՊ |Պ��$�!���"���	���$��	"

ƑĺƐՊ |Պ	;=bmb|bom�o=�ľ"���0;m;=b|v�=uol�1o�;u�1uorvĿ

);�7;=bm;� ľ"���0;m;=b|v� =uol�1o�;u�1uorvĿ�-v� |_;�7b==;u;m1;�o=�
"��� 1_-m];� 0;|�;;m� �b|_Ŋ�� -m7� �b|_o�|Ŋ�1o�;uŊ�1uor� 1om7b|bomvĺ�
�m� =b;Ѵ7� ;�r;ubl;m|vķ� ľ"��� 0;m;=b|v� =uol� 1o�;u� 1uorvĿ� 1-m� 0;�
l;-v�u;7�-v�|_;�7b==;u;m1;v�bm�"���1_-m];�0;|�;;m�r-bu;7�rѴo|vĺ�
�-bu;7� rѴo|v� -u;� �v�-ѴѴ�� m;b]_0oubm]� rѴo|v� |_-|� _-�;� vblbѴ-u� vobѴ�
ruor;u|b;v� -m7� b7;m|b1-Ѵ� l-m-];l;m|� ru-1|b1;v� ;�1;r|� =ou� |_;�
;�bv|;m1;� o=� 1o�;u� 1uorvĺ� $_�vķ� |_;� 7b==;u;m1;v� bm� "��� 1_-m];�
0;|�;;m� |�o� rѴo|v� -u;� bm7�1;7� 0�� |_;� blrѴ;l;m|-|bom� o=� 1o�;u�
1uorvĺ� �m� lo7;Ѵvķ� |�o� |�r;v� o=� v1;m-ubovķ� bm1Ѵ�7bm]� �b|_Ŋ�� -m7�
�b|_o�|Ŋ�1o�;uŊ�1uor� 1om7b|bomvķ� -u;� v;|� �r� -11ou7bm]� |o� |_;� =b;Ѵ7�
l-m-];l;m|�ru-1|b1;vĺ�ľ"���0;m;=b|v�=uol�1o�;u�1uorvĿ�bm�lo7;Ѵv�
-u;� 1-Ѵ1�Ѵ-|;7� -v� |_;� 7b==;u;m1;v� bm� "��� 1_-m];� 0;|�;;m� |�o�
v1;m-ubovĺ

ƑĺƑՊ |Պ Ecosys model

$_;� ecosys� lo7;Ѵ� bv� -� vor_bv|b1-|;7� ruo1;vvŊ�0-v;7� lo7;Ѵ� �b|_�
1olru;_;mvb�;� 0bo];o1_;lb1-Ѵ� ruo1;vv� u;ru;v;m|-|bomv� |_-|�
_-v� 0;;m� 1-Ѵb0u-|;7� -m7� �-Ѵb7-|;7� -|� l�Ѵ|brѴ;� vb|;v� �b|_� 7b==;u;m|�
1om7b|bomv� bm� 1Ѵbl-|;� -m7� vobѴ� ruor;u|b;v� Ő�u-m|ķ� ƑƏƏƐĸ� �u-m|�
;|� -Ѵĺķ� ƑƏƏƐķ�2020ĸ� ,_o�� ;|� -Ѵĺķ� ƑƏƑƐőĺ� Ecosys� bv� 1omv|u�1|;7� =uol�
�-ubo�v� bm|;u-1|bm]� ruo1;vv;v� u;ru;v;m|bm]� 1-u0omķ� mb|uo];m� Ő�őķ�
r_ovr_ou�v� Ő�őķ� �-|;uķ� -m7� ;m;u]�� 1�1Ѵ;v� -lom]� rѴ-m|vķ� vobѴķ� -m7�
-|lovr_;u;�|o�vbl�Ѵ-|;�1olrѴ;��;1ov�v|;l�0;_-�bou�Ő�u-m|ķ�ƑƏƏƐ; 
�u-m|�;|�-Ѵĺķ�ƑƏƏƐķ�2020ĸ�,_o��;|�-Ѵĺķ�ƑƏƑƐőĺ��;u;��;�7;v1ub0;�h;��
ruo1;vv;v� =ou� r_o|ov�m|_;vbv� -m7� 7;1olrovb|bom� |_-|� ]o�;um� |_;�
7�m-lb1v�o=�1-u0om�1�1Ѵ;�bm�rѴ-m|v�-m7�vobѴĺ

ƑĺƑĺƐՊ ŇՊ �_o|ov�m|_;vbv�-m7�-�|o|uor_b1�u;vrbu-|bom

$_;�ecosys�lo7;Ѵ��v;v�-�l�Ѵ|bŊ�Ѵ-�;u�lo7�Ѵ;�|o�vbl�Ѵ-|;�|_;�1-mŊ
or��r_o|ov�m|_;vbvķ� 1-Ѵ1�Ѵ-|bm]� |_;� 1-u0om�-vvblbѴ-|bom� =ou� ;-1_�
bm7b�b7�-Ѵ� Ѵ;-=��m7;u�7b==;u;m|�Ѵb]_|�1om7b|bomvĺ�
ou�;-1_�Ѵ;-=ķ�|_;�

-ut�_-u� lo7;Ѵ� bv� �v;7� |o� 1-Ѵ1�Ѵ-|;� 1-u0om� -vvblbѴ-|bom� =ou� �ƒ�
1uorvĺ�Ecosys� -Ѵvo�;�rѴb1b|Ѵ��1-Ѵ1�Ѵ-|;v�l;vor_�ѴѴ� 1-u0om� =b�-|bom�
-m7�l;vor_�ѴѴŊ�0�m7Ѵ;�v_;-|_�1-u0om�|u-mv=;u�=ou��Ɠ�1uorvķ��_b1_�
bv�mo|�bm1Ѵ�7;7�bm�|_;�1Ѵ-vvb1�
-ut�_-u�lo7;Ѵĺ�$_;�1-mor��v|ol-|-Ѵ�
u;vbv|-m1;�-m7� |;lr;u-|�u;�-u;�1-Ѵ1�Ѵ-|;7�0��1Ѵovbm]� |_;�;m;u]��
-m7� �-|;u� 0-Ѵ-m1;v� |_uo�]_� |_;� vobѴŋ�uoo|ŋ�1-mor�ŋ�-|lovr_;u;�
�vbm]�rѴ-m|�_�7u-�Ѵb1v�Ő�u-m|�;|�-Ѵĺķ�ƑƏƏѵķ�2009őĺ�$_;�=bm-Ѵ�Ѵ;-=���2 
=b�-|bom� bv�1-Ѵ1�Ѵ-|;7� =uol�1o�rѴ;7�voѴ�|bomv� =ou�7b==�vbom�7ub�;m�
0�� ��2� 1om1;m|u-|bom� ]u-7b;m|v� -1uovv� Ѵ;-=� v|ol-|-Ѵ� u;vbv|-m1;�
-m7�=ou�1-u0o��Ѵ-|bom�7ub�;m�0����2�1om1;m|u-|bom�-m7�buu-7b-m1;ĺ�
�omv|u�1|�u-Ѵ� 1-u0om� rooѴvķ� �_b1_� -u;� |_;� ruo7�1|� o=� Ѵ;-=� ��2 
=b�-|bomķ�-u;�o�b7b�;7�|o�l;;|�-�|o|uor_b1�u;vrbu-|bom�ŐR�ő�u;t�bu;Ŋ
l;m|v��b|_� 1omv|u-bm|v� =uol��2� �r|-h;ĺ���b7b�;7� 1-u0om� bv� =buv|�
�v;7�|o�l;;|�u;t�bu;l;m|v�=ou�l-bm|;m-m1;�u;vrbu-|bom�ŐRMőķ�|_;m�
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ՊՍՊ |ՊƑƔƕƔQIN et al.

|_;�;�1;vv�o�b7b�;7�1-u0om�bv��v;7�=ou�]uo�|_�u;vrbu-|bom�ŐRGő� |o�
7ub�;� 0bov�m|_;vbv� -11ou7bm]� |o� ou]-mŊ�vr;1b=b1� ]uo�|_� ;==b1b;mŊ
1b;vĺ��b||;u=-ѴѴ�bv�vbl�Ѵ-|;7�=uol�u;l-bmbm]�0bol-vv�v�0|u-1|bm]�u;Ŋ
lo�;7�]u-bm�1-u0om�-=|;u�_-u�;v|�-m7�=uol�0bov�m|_;vbv�ruo7�1|v�
�_b1_�bv�1-�v;7�0��v;m;v1;m1;��_;m�R�Փ<ՓRM.

ƑĺƑĺƑՊ ŇՊ 	;1olrovb|bom�-m7�_;|;uo|uor_b1�
u;vrbu-|bom�ŐR�ő�bm�ecosys

Ecosys�vbl�Ѵ-|;v�1-u0om�|u-mv=oul-|bomv�bm�|_;�vobѴ�0-v;7�om�7b==;uŊ
;m|� "���rooѴv� Ő
b]�u; Ɛőĺ� �Ѵ-m|� Ѵb||;u=-ѴѴ� -m7� -mbl-Ѵ�l-m�u;� u;ru;Ŋ
v;m|�=u;v_�ou]-mb1�1-u0om�bmr�|v�o=�|_;�lo7;Ѵĺ�
u;v_�ou]-mb1�1-u0om�
bv� -77;7� |o� -� Ѵb||;u� rooѴ� o=� 7b==;u;m|� 1olrѴ;�;v� Őbĺ;ĺķ� 1-u0o_�7u-|;ķ�
ruo|;bmķ�1;ѴѴ�Ѵov;ķ�-m7�Ѵb]mbmő�-m7�|_;m�]o;v�|_uo�]_�7;1olrovb|bom�
ruo1;vv;v�Ő�u-m|�;|�-Ѵĺķ�ƐƖƖƒ-ķ�ƐƖƖƒ0őĺ��b||;u�1olrѴ;�;v�1o�Ѵ7�|u-mvŊ
=;u� |o� |_;�r-u|b1�Ѵ-|;�ou]-mb1�1-u0om� Ő���ő�rooѴ� |_uo�]_� =u-]l;mŊ
|-|bom� Ő�u-m|�;|�-Ѵĺķ�ƑƏƏƐőĺ�	bvvoѴ�;7�ou]-mb1�1-u0om� Ő	��ő�rooѴ� bm�
ecosys�bv�ruo7�1;7�0��_�7uoѴ�vbv�o=�Ѵb||;u�rooѴvķ����ķ�uoo|�;��7-|;vķ�
-m7�lbm;u-ѴŊ�-vvo1b-|;7�lb1uo0b-Ѵ�ruo7�1|vĺ�Ecosys�vbl�Ѵ-|;v�7;1olŊ
rovb|bom�o=�1-u0om�|_uo�]_�|�o�|�r;v�o=�lb1uo0;v�Őbĺ;ĺķ�-;uo0b1�-m7�
-m-;uo0b1ő� 0���b1_-;Ѵbvŋ��;m|;m�hbm;|b1vĺ� $_;�7;1olrovb|bom� u-|;v�
�-u���b|_�lb1uo0;v�-m7�ou]-mb1�1olrѴ;�;vĺ��m�ecosysķ��rom�lb1uo0b-Ѵ�
lou|-Ѵb|�ķ�vol;�=u-1|bom�o=�lb1uo0b-Ѵ�1-u0om�bv�u;1�1Ѵ;7ķ�vol;�]o;v�|o�
lb1uo0b-Ѵ�u;vb7�;ķ�-m7�|_;�u;l-bmbm]�0;1ol;�lbm;u-ѴŊ�-vvo1b-|;7�lbŊ
1uo0b-Ѵ�ruo7�1|�-v�-�=�m1|bom�o=�1Ѵ-��1om|;m|ĺ�R�ķ�RMķ�-m7�RG�bm�vobѴv�-u;�
1-Ѵ1�Ѵ-|;7�bm�|_;�v-l;��-��|_-|�|_;��-u;�1-Ѵ1�Ѵ-|;7�bm�rѴ-m|vĺ�"obѴ�1-uŊ
0om�bv�u;|�um;7�|o�|_;�-|lovr_;u;�-v���2�|_uo�]_�-;uo0b1�lb1uo0;v�
-m7�-v���Ɠ�|_uo�]_�-m-;uo0b1�lb1uo0;vķ�-Ѵ|_o�]_���Ɠ�;lbvvbom�bv�-�
�;u��vl-ѴѴ�=u-1|bom�bm�|_;�&"��b7�;v|�l-b�;ŋ�vo�0;-m�uo|-|bom�v�vŊ
|;lv�1olr-u;7�|o�o|_;u�1-u0om�=Ѵ��;v�Ő�lomo7;�;|�-Ѵĺķ�2007őĺ

$o�-vv;vv�|_;�1o�;u�1uor�blr-1|v�om�"��ķ��;�1omvb7;u�-�_oѴbv|b1�
1-u0om�0-Ѵ-m1;�o=�|_;�-]uo;1ov�v|;l�=ou�-�1;u|-bm�r;ubo7� Ő;ĺ]ĺķ�l�ѴŊ
|brѴ;��;-uvőĺ�"r;1b=b1-ѴѴ�ķ�1o�;u�1uorv�mo|�omѴ��-77����� Ő�;|��ubl-u��
�uo7�1|bomő�o=�1o�;u�1uorv�|_-|�Ѵ;-7v�|o�|_;�bm1u;-v;�bm�"��ķ�0�|�-Ѵvo�
-==;1|�o|_;u�1-u0om�=Ѵ��;v�u;Ѵ-|bm]�|o�1-v_�1uorv�-m7�|_;�vobѴĺ�$_;u;=ou;ķ�
|o�1olru;_;mvb�;Ѵ��-vv;vv�|_;�1o�;u�1uor�blr-1|v�om�"��ķ�b|�bv�mo|�omѴ��
m;1;vv-u��0�|�-�l�v|�|o�_oѴbv|b1-ѴѴ��-vv;vv�|_;��_oѴ;�1-u0om�0-Ѵ-m1;�o=�

|_;�-]uo;1ov�v|;lķ�bm1Ѵ�7bm]�1o�;u�1uor�1-u0om�=Ѵ��;vķ�1-v_�1uor�1-uŊ
0om�=Ѵ��;vķ�-m7�vobѴ�1-u0om�=Ѵ��;vĺ�
uol�-�Ѵom]Ŋ�|;ul�r;uvr;1|b�;ķ�"���
1_-m];�ŐΔSOCő�1-m�0;�;v|bl-|;7�0��1-u0om�bmr�|�|o�|_;�;1ov�v|;l�Ѵ;vv�
|_;�1-u0om�o�|r�|�=uol�|_;�;1ov�v|;l�Őbĺ;ĺķ�R�ķ�1-u0om�Ѵ;-1_bm]�-m7�
��Ɠ�=Ѵ��őĺ��11ou7bm]Ѵ�ķ��;�t�-m|b=b;7�|_;�blr-1|v�=uol�1o�;u�1uorv�om�
ΔSOC�|_uo�]_�;-1_�1-u0om�=Ѵ���bm��t�-|bom�ŐƐőĹ

�_;u;�Ѵb||;u=-ѴѴ�u;ru;v;m|v�=u;v_�Ѵb||;u� bmr�|�|o�|_;�vobѴ� Őbĺ;ĺķ�v_oo|�-m7�
uoo|� Ѵb||;u=-ѴѴ� -m7� uoo|�;��7-|bomőĸ� Ѵb||;u=-ѴѴ� 1-m�0;�;v|bl-|;7�0������
v�0|u-1|bm]�_-u�;v|ĸ��_;u;�����u;ru;v;m|v�m;|�rubl-u��ruo7�1|bom�-m7�
_-u�;v|�u;ru;v;m|v�_-u�;v|;7�1-u0om�0bol-vvĸ�����1-m�0;�1-Ѵ1�Ѵ-|;7�
0������v�0|u-1|bm]�R�ķ��_;u;�����u;ru;v;m|v�]uovv�rubl-u��ruo7�1Ŋ
|bom�-m7�R��u;ru;v;m|v�-�|o|uor_b1�u;vrbu-|bomĸ�R��u;ru;v;m|v�_;|;uoŊ
|uor_b1�u;vrbu-|bomĸ���Ɠ�u;ru;v;m|v���Ɠ�;lbvvbom�=uol�|_;�vobѴĸ�Cleaching 
u;ru;v;m|v�|_;�Ѵ;-1_bm]�bmou]-mb1�-m7�ou]-mb1�1-u0om�|_uo�]_�v�u=-1;�
u�mo==�-m7�v�0v�u=-1;�7bv1_-u];ķ�!�u;ru;v;m|v�o|_;u�vl-ѴѴ�1-u0om�=Ѵ��;vĺ

"���1_-m];�1-Ѵ1�Ѵ-|;7�=uol��t�-|bom�ŐƐő�v_-ѴѴ�omѴ��0;�-rrѴb;7�|o�
Ѵom]Ŋ�|;ul�;v|bl-|bomvĺ� �m�vobѴ�v1b;m1;ķ� Ѵb||;u=-ѴѴ�l-��mo|�0;�7;=bm;7�
-v�"����m|bѴ�|_;�0u;-h7o�m�o=�Ѵ-u];�1olro�m7vĺ�$_;u;=ou;ķ�ΔSOC 
;v|bl-|;7�=uol��t�-|bom�ŐƐő�_-v�Ѵ-u];u�v;-vom-Ѵ��-ub-|bomv�7�;�|o�|_;�
bm1Ѵ�vbom�o=�Ѵb||;u=-ѴѴĺ�$_bv�Ѵ-u];��-ub-|bom�u;v�Ѵ|v�=uol�|_;�]uo�|_�-m7�
|;ulbm-|bom�o=� |_;�rѴ-m|vĺ��omvb7;ubm]�|_;� Ѵom]Ŋ�|;ul�1uor�uo|-|bom�
v�v|;lvķ��;� 1-m� -vv�l;� |_-|� Ѵb||;u=-ѴѴ� bmr�|v� -u;� u;Ѵ-|b�;Ѵ�� v|;-7��
=ou�;-1_�uo|-|bomĺ�
uol�-�Ѵom]�|bl;�vr-m�Ő>ƔՓ�;-uvőķ�ΔSOC�1-m�0;�-vŊ
v;vv;7�0���t�-|bom�ŐƐő��b|_�1om=b7;m1;�om1;�;-1_�|;ul�bm�|_;�;t�-Ŋ
|bom��-v��-Ѵb7-|;7ĺ� �m�-77b|bomķ��t�-|bom� ŐƐő�1-m�0;��v;7� |o�-vv;vv�
|_;�blr-1|v�=uol�1o�;u�1uorv�om�;-1_�1-u0om�=Ѵ���|_-|�1om|ub0�|;v�
|o�"���0;m;=b|vĺ

ƑĺƒՊ |Պ "|�7��vb|;v

�;-v�u;l;m|v� =uol� ;b]_|� =b;Ѵ7� ;�r;ubl;m|� vb|;v� bm� �ѴѴbmobv� �;u;�
�v;7� |o� 1-Ѵb0u-|;� -m7� �-Ѵb7-|;� |_;� ecosys� lo7;Ѵ� -m7� |o� =�u|_;u�

ŐƐő

ΔSOC= litterfall−RH−CH4−Cleaching+ ∈

=(NPP−harvest)−RH−CH4−Cleaching+ ∈

=
(

GPP−RA−harvest
)

−RH−CH4−Cleaching+ ∈

F I G U R E  1Պ�om1;r|�-Ѵ�=b]�u;�o=�vobѴ�
1-u0om�7;1olrovb|bom�ruo1;vv;v�bm�
|_;�ecosys�lo7;Ѵĺ�Œ�oѴo�u�=b]�u;�1-m�0;�
�b;�;7�-|�wileyonlinelibrary.com]
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ƑƔƕѵՊ |ՊՊՍ QIN et al.

-vv;vv�|_;�"���0;m;=b|v�=uol�1o�;u�1uorv�Ő
b]�u; 2őĺ�$_;��ouuo��
�Ѵo|v�Ő�!�bm�
b]�u; 2őķ�Ѵo1-|;7�bm�1;m|u-Ѵ��ѴѴbmobvķ�-u;�om;�o=�|_;�oѴ7Ŋ
;v|�u;v;-u1_�=b;Ѵ7v��b|_�1om|bm�o�v�l;-v�u;l;m|�o=�"���=ou�|_;�
�rr;u�ƏĺƐƔՓl�Ő�;u]_�;|�-Ѵĺķ�2022őĺ�$_;�vobѴ�bm�|_;��ouuo���Ѵo|v�bv�
-�
Ѵ-m-]-m�vbѴ|�Ѵo-l�Ő=bm;ķ�vl;1|b|b1ķ�l;vb1��t�b1��u]b�7oѴѴőĺ��om]Ŋ�
|;ul� "��� 1om1;m|u-|bom� 7-|-� =uol�ƐƖƐƒ� |o� ƑƏƑƏ� o=� 1om|bm�o�v�
l-b�;� uo|-|bomv� �b|_� 7b==;u;m|� =;u|bѴb�-|bom� l-m-];l;m|v� �;u;�
�v;7� |o� 1-Ѵb0u-|;� ecosys� =ou� lomb|oubm]� Ѵom]Ŋ�|;ul� "��� 1_-m];�
Ő�u;=� ş�)-m7;uķ� ƐƖƖƕőĺ� $�o� |�r;v� o=� =;u|bѴb�;u�l-m-];l;m|� -u;�
bm1Ѵ�7;7�bm�o�u�v|�7�Ĺ� ŐƐő��-m�u;�-rrѴb;7�-mm�-ѴѴ��=ou�|_;��_oѴ;�
r;ubo7ķ�-m7�ŐƑő���=;u|bѴb�;u�-rrѴb;7�-mm�-ѴѴ��-=|;u�l-m�u;�-mm�-ѴѴ��
vbm1;� ƐƖѵƕ� Ő�ouuo���Ѵo|v�	-|-� ��u-|bom�)ouhbm]��uo�rķ�2022; 
�-=�b];u�ş�	�mh;uķ�ƑƏƐƐőĺ

$_;� 1o�;u� 1uor� ;�r;ubl;m|� vb|;� Ő	"ƏƑ� bm� 
b]�u; 2ő��-v� ;v|-0Ŋ
Ѵbv_;7�=uol�ƑƏƏƏ�|o�ƑƏƐƑ�om�|_;��u-m|v0�u]�vbѴ|�Ѵo-l�vobѴ�Ő=bm;Ŋ�vbѴ|�ķ�
lb�;7ķ� l;vb1� $�rb1� 
u-]b�7-Ѵ=őĺ� �;u;-Ѵ� u�;� -m7� _-bu�� �;|1_� �;u;�
rѴ-m|;7� bm� |_;�l-b�;ŋ�vo�0;-m�uo|-|bomv��b|_�|_u;;�|�r;v�o=� |bѴѴ-];�
-rrѴb1-|bom�Őbĺ;ĺķ�moŊ�|bѴѴķ�loѴ70o-u7�rѴo�ķ�-m7�1_bv;Ѵ�rѴo�őĺ�"���v|o1h�
�-v�1om|bm�o�vѴ��l;-v�u;7�|o�ƏĺƕƔՓl�7;r|_�7�ubm]�|_;�;�r;ubl;m|�
r;ubo7�Ő�Ѵvom�;|�-Ѵĺķ�ƑƏƐƏķ�ƑƏƐƓőĺ

$_;�o|_;u�vb��1o�;u�1uor�vb|;v�-1uovv��ѴѴbmobv�Őbĺ;ĺķ���ķ�	�ķ�&!ķ�
�$ķ� ��ķ� -m7�	"ő��;u;� ;v|-0Ѵbv_;7� =uol�ƑƏƐƒ� |o� ƑƏƐѶ� -m7� _-�;�
0;;m��-Ѵb7-|;7��b|_�1-v_�1uor��b;Ѵ7�-m7�1o�;u�1uor�0bol-vv�1-u0om�
Ő bm� ;|� -Ѵĺķ� ƑƏƑƐőĺ� $_;v;� vb|;v��;u;� rѴ-m|;7��b|_� 7b==;u;m|� uo|-Ŋ
|bomv�o=��bm|;u�1o�;u�1uorv�Ő(bѴѴ-lbѴ�ş��-=�b];uķ�ƑƏƐƖőĺ�"r;1b=b1-ѴѴ�ķ�
|_;u;� �;u;� |_u;;� uo|-|bom� v�v|;lvķ� bm1Ѵ�7bm]� ŐƐő� �b|_o�|Ŋ�1o�;uŊ�
1uor� Ől-b�;ŋ�vo�0;-m� uo|-|bomvőķ� ŐƑő� momŊ�Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;�
Ől-b�;ŋ�-mm�-Ѵ� u�;]u-vvŋ�vo�0;-mŋ�-mm�-Ѵ� u�;]u-vv� uo|-|bomvőķ� -m7�
Őƒő� Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;� Ől-b�;ŋ�1;u;-Ѵ� u�;ŋ�vo�0;-mŋ�_-bu��
�;|1_�uo|-|bomvőĺ�$_;v;�vb��1o�;u�1uor�vb|;v��;u;�-Ѵvo��v;7�bm�=�uŊ
|_;u�v;mvb|b�b|��-m-Ѵ�vbv�|o�u;�;-Ѵ�|_;�1om|uoѴ�=-1|ouv�o=�"���0;mŊ
;=b|v�=uol�1o�;u�1uorvĺ

ƑĺƓՊ |Պ�o7;Ѵ�v;|�r�-m7�lo7;Ѵ�1-Ѵb0u-|bom

ƑĺƓĺƐՊ ŇՊ�o7;Ѵ�v;|�r�-m7�7-|-�bmr�|v

$_;�lo7;Ѵ��-v�v;|��r�-11ou7bm]�|o�=b;Ѵ7�l-m-];l;m|�u;1ou7vĺ�
ou�
|_;��ouuo�� �Ѵo|vķ� �;� u-m� |_;� ecosys� lo7;Ѵ� =ou� ƐƑƔՓ�;-uv� =uol�
ƐѶƖƕ�|o�ƑƏƑƐķ��b|_�ƐѶƖƕŋ�ƐƖƐƑ�-v�|_;�lo7;Ѵ� bmb|b-Ѵb�-|bom�r;ubo7�
-m7�ƐƖƐƒŋ�ƑƏƑƏ�-v�|_;�-m-Ѵ�vbv�r;ubo7ĺ�	�ubm]�|_;�-m-Ѵ�vbv�r;ubo7ķ�
7b==;u;m|�=;u|bѴb�-|bom�u-|;v��;u;�-rrѴb;7�|o�|_;�1om|bm�o�v�l-b�;�
uo|-|bom�v�v|;lv�-11ou7bm]�|o�|_;��ouuo���Ѵo|v�u;1ou7vĺ�$_;�bmbŊ
|b-Ѵ� 1om7b|bom� o=� vobѴ� =ou�lo7;Ѵ� bmr�|��-v� =uol� |_;��ub77;7� "obѴ�
"�u�;�� �;o]u-r_b1� 	-|-0-v;� Ő]""&!��ő� 7-|-0-v;ķ� -m7� bmb|b-Ѵ�
"���ŐƏŋ�ƏĺƐƔՓlő�-|�|_;��ouuo���Ѵo|v��-v�=uol�=b;Ѵ7�l;-v�u;l;m|v�
Ő�u;=� ş� )-m7;uķ� ƐƖƖƕőĺ� $_;� 1Ѵbl-|;� 7-|-� �;u;� =uol� �-|bom-Ѵ�
�;m|;uv� =ou� �m�buoml;m|-Ѵ� �m=oul-|bom� Ő����ő� -|� 7-bѴ�� |bl;� v|;r�
-m7� =uol� |_;��ou|_��l;ub1-m� �-m7�	-|-��vvblbѴ-|bom� "�v|;l� Ƒ�
Ő��	�"Ŋ�Ƒő� -|� _o�uѴ�� |bl;� v|;r� =ou� |_;�r;ubo7�o=�ƐƖƐƒŋ�ƐƖƕѶ�-m7�
ƐƖƕѶŋ�ƑƏƑƐķ� u;vr;1|b�;Ѵ�� Ő��"�ķ� ƑƏƑƐĸ� ����ķ� 2022őĺ� �b|uo];m�
7;rovb|bom�|ooh��r�-�vb]mb=b1-m|�rou|bom�o=�|o|-Ѵ�mb|uo];m�bmr�|�=ou�
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ƑƔƕѶՊ |ՊՊՍ QIN et al.

ƑĺƔՊ |Պ�o7;Ѵ�v;mvb|b�b|��-m-Ѵ�vbv�|o�-vv;vv�|_;� 
impacts of climate during the cover crop growth  
period
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|_;�1o�;u�1uor�]uo�|_�r;ubo7ķ��;�-rrѴb;7�-�l�Ѵ|brѴb;u� Őbĺ;ĺķ�ƏĺƕƔķ�
ƐĺƔő�|o�_o�uѴ��ru;1brb|-|bom�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7�
-m7��v;7�|_;�v-l;�l;|_o7�|o�1olr-u;�"���0;m;=b|v�=uol�1o�;u�
1uorvĺ

ƑĺѵՊ |Պ�o7;Ѵ�v;mvb|b�b|��-m-Ѵ�vbv�|o�-vv;vv�|_;�
impacts of different planting and terminating time

);�v;|��r�|_;�ecosys�lo7;Ѵ��b|_�7b==;u;m|�rѴ-m|bm]�-m7�|;ulbm-|bom�
|bl;�-|�|_;����vb|;�=uol�ƑƏƐƒ�|o�ƑƏƑƏĺ�"r;1b=b1-ѴѴ�ķ��;�v;|��r�=o�u�
7b==;u;m|�1o�;u�1uor�rѴ-m|bm]�7-|;v� Őbĺ;ĺķ�";r|;l0;u�ƐƔķ�";r|;l0;u�
ƒƏķ� �1|o0;u� ƐƔķ� -m7� �1|o0;u� ƒƏő� -m7� =o�u� 7b==;u;m|� |;ulbm-|Ŋ
bm]�7-|;v� Őbĺ;ĺķ��rubѴ�Ɛķ��rubѴ�ƐƏķ��rubѴ�ƑƏķ� -m7��rubѴ�ƒƏő� bm� |_;�eco-
sys�lo7;Ѵĺ�	b==;u;m|�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;��;u;�-rrѴb;7�|o�
l-b�;ŋ�-mm�-Ѵ� u�;]u-vvŋ�vo�0;-mŋ�-mm�-Ѵ� u�;]u-vv� uo|-|bomvĺ� �mr�|v�
o=�1Ѵbl-|;�-m7�vobѴ�7-|-�-m7�o|_;u�l-m-];l;m|�v;||bm]v��;u;�0-v;7�
om�|_;�=b;Ѵ7�ru-1|b1;v�-|�|_;����vb|;ĺ

ƒՊ |Պ !�"&�$"

ƒĺƐՊ |Պ ��-Ѵ�-|;�|_;�;1ov�v�lo7;Ѵ�r;u=oul-m1;�=ou�
Ѵom]Ŋ�|;ul�"���vbl�Ѵ-|bom

ƒĺƐĺƐՊ ŇՊ�ouuo��rѴo|v

Ecosys� r;u=oul;7��;ѴѴ� bm� vbl�Ѵ-|bm]� Ѵom]Ŋ�|;ul�"���1_-m];� -|� |_;�
�ouuo�� �Ѵo|v� Ő
b]�u; 3a– cőĺ�);� =o�m7� |_-|� |_;� ecosys�lo7;Ѵ� _-v�
|_;� -0bѴb|�� |o� vbl�Ѵ-|;� Ѵom]Ŋ�|;ul� "��� 1_-m];� �m7;u� 7b==;u;m|� =;uŊ
|bѴb�-|bom�ru-1|b1;v�0��1olr-ubm]�|_;�vbl�Ѵ-|;7�-m7�l;-v�u;7�"���
1om1;m|u-|bomĺ�$_;�7b==;u;m1;v� bm�"���1_-m];�0;|�;;m� |�o�rѴo|v�
�;u;� bm7�1;7� 0�� 7b==;u;m|� =;u|bѴb�-|bom� ru-1|b1;vĺ� 
uol� |_;� =b;Ѵ7�
l;-v�u;l;m|vķ��;�=o�m7�|_-|�7�ubm]�ƐƖƐƒŋ�ƐƖѵƕķ�0o|_�rѴo|v�;�_b0b|�

7;1u;-vbm]�|u;m7v� bm�"���1om1;m|u-|bomvķ�0�|��b|_�lou;�u-rb7�7;Ŋ
1u;-v;v�bm�rѴo|v��b|_�l-m�u;�-rrѴb;7�-mm�-ѴѴ��=ou�|_;��_oѴ;�r;ubo7ĺ

ƒĺƐĺƑՊ ŇՊ 	b�om�"rubm]v�Ő	"ƏƑő

�m�-77b|bom�|o�|_;�1;m|;mmb-Ѵ�1_-m];v�bm�"���-|�|_;��ouuo���Ѵo|vķ�
�;�-Ѵvo� �-Ѵb7-|;7� |_;�ecosys�lo7;Ѵ� =ou� b|v� -0bѴb|�� |o� vbl�Ѵ-|;�"���
1_-m];� Ől�Ѵ|bŊ��;-u� -�;u-];7ő� =ou� |_;� 1o�;u� 1uor� ;�r;ubl;m|-Ѵ� vb|;�
-|�|_;�	"ƏƑ�vb|;�Ő
b]�u; 3dőĺ�"bl�Ѵ-|bom�o=�"���1_-m];�-|�|_;�	"ƏƑ�
vb|;�=uol�ƑƏƏƏ�|o�ƑƏƐƑ��-v��-Ѵb7-|;7��m7;u�0o|_��b|_Ŋ��-m7��b|_o�|Ŋ�
1o�;uŊ�1uor�1om7b|bomvĺ�);�=o�m7�|_-|�1o�;u�1uorv�1o�Ѵ7�vb]mb=b1-m|Ѵ��
Ő-|�ƖƔѷ�1om=b7;m1;�Ѵ;�;Ѵő�0ubm]�"���0;m;=b|v�0��ƏĺƓ��]��_-ƴƐ yearƴƐ 
-m7�ƏĺƓѶ��]��_-ƴƐ yearƴƐ�=uol�ecosys�vbl�Ѵ-|bomv�-m7�=b;Ѵ7�;�r;ubŊ
l;m|vķ� u;vr;1|b�;Ѵ�ĺ� $_;� 1omvbv|;m1�� 0;|�;;m� |_;� ecosys� vbl�Ѵ-Ŋ
|bomv�-m7�=b;Ѵ7Ŋ�l;-v�u;7�"���1_-m];�7;lomv|u-|;7�|_-|�ecosys�_-v�
|_;�-0bѴb|��|o�-11�u-|;Ѵ��vbl�Ѵ-|;�0o|_�"���1_-m];�-m7�"���0;m;=b|v�
=uol�1o�;u�1uorvĺ

ƒĺƑՊ |Պ �-m|b=��"���0;m;=b|v�-|�vb��1o�;u�1uor�vb|;v�
Ő��ķ�	�ķ�&!ķ��$ķ���ķ�-m7�	"ő

�=|;u� 1-u;=�Ѵ� 1-Ѵb0u-|bom� -m7� �-Ѵb7-|bom� o=� ecosys� bm� vbl�Ѵ-|bm]�
"���1_-m];�-m7�"���0;m;=b|vķ��;�t�-m|b=b;7�"���0;m;=b|v�=uol�
1o�;u� 1uorv� -|� vb�� 1o�;u� 1uor� vb|;v� Ő��ķ� 	�ķ� &!ķ� �$ķ� ��ķ� -m7�
	"ő� bm� �ѴѴbmobvĺ�$_;�ecosys� vbl�Ѵ-|bom� u;v�Ѵ|v� v_o�;7� |_-|�7�ubm]�
ƑƏƐƒŋ�ƑƏƑƏķ�rѴ-m|bm]��bm|;u�1o�;u�1uorv�1o�Ѵ7�0ubm]�"���0;m;=b|v�
Ől�Ѵ|bŊ��;-u� -�;u-];7ő�0��ƏĺƒƒՓ±ՓƏĺƏѵ��]��_-ƴƐ yearƴƐ� Ő
b]�u; Ɠőĺ�
"r;1b=b1-ѴѴ�ķ�"���0;m;=b|v�=uol�1o�;u�1uorv�-u;�ƏĺƒѶՓ±ՓƏĺƏѵ��]��
_-ƴƐ yearƴƐ� -m7�ƏĺƑѶՓ±ՓƏĺƏƔ��]��_-ƴƐ yearƴƐ� �m7;u� momŊ�Ѵ;]�l;Ŋ�
ru;1;7bm]Ŋ�l-b�;� -m7� Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;� 1om7b|bomvķ�
u;vr;1|b�;Ѵ�ĺ

ƒĺƒՊ |Պ �o�;u�1uor�blr-1|v�om�1-u0om�0�7];|�bm�|_;�
central US Midwestern agroecosystems

$_;�1-u0om�0�7];|�o=�|_;�vb��1o�;u�1uor�vb|;v�Ő��ķ�	�ķ�&!ķ��$ķ���ķ�
-m7� 	"ő� �m7;u� �b|_Ŋ�� -m7� �b|_o�|Ŋ�1o�;uŊ�1uor� 1om7b|bomv� 7;lomŊ
v|u-|;7�|_-|�rѴ-m|bm]�1o�;u�1uorv�1o�Ѵ7�0;m;=b|�"���0��bm|uo7�1bm]�
-77b|bom-Ѵ�m;|�1-u0om� bmr�|� |o�|_;�v�v|;lv� Ő
b]�u; 5őĺ��m�-�;u-];ķ�
ƓĺƐƕՓ±ՓƏĺƒƕ��]��_-ƴƐ yearƴƐ�o=�]u-bm�1-u0om��-v�_-u�;v|;7�-m7�u;Ŋ
lo�;7� =uol� |_;��b|_o�|Ŋ�1o�;uŊ�1uor� 1om7b|bomv� bm� |_;�l-b�;��;-uv�
-m7�ƐĺƕƏՓ±ՓƏĺƐѵ��]��_-ƴƐ yearƴƐ�bm�|_;�vo�0;-m��;-uvķ�-11o�m|bm]�=ou�
-�Ѵ-u];�rou|bom�o=�|_;�1-u0om�o�|r�|�bm�|_;�v�v|;lĺ��o�;u�1uorv�1o�Ѵ7�
bm1u;-v;�1-u0om�bmr�|�0��0ubm]bm]�-77b|bom-Ѵ�0bol-vv�o=�ƐĺƔƐՓ±ՓƏĺƑƔ�
�]��_-ƴƐ yearƴƐ��m7;u�|_;�momŊ�Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;�1om7b|bomķ�
-m7�ƏĺƖƓՓ±ՓƏĺƑƕ��]��_-ƴƐ yearƴƐ��m7;u�|_;�Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;�
1om7b|bomvĺ

�o�;�;uķ� "��� 0;m;=b|v� =uol� 1o�;u� 1uorv� �;u;� l�1_� vl-ѴѴ;u�
|_-m�1o�;u�1uor�0bol-vvĺ��m1u;-v;7�1-u0om�bmr�|�bm�|_;�1o�;u�1uor�
v�v|;lv��-v� r-u|b-ѴѴ�� o==v;|� 0�� bm1u;-v;7� 1-u0om� o�b7-|bom��_b1_�
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ՊՍՊ |ՊƑƔƕƖQIN et al.

u;v�Ѵ|v� bm� bm1u;-v;7�R�ĺ��;-m�_bѴ;ķ� |_;� m;]-|b�;� blr-1|v� o=� momŊ�
Ѵ;]�l;� 1o�;u� 1uorv� om� l-b�;� �b;Ѵ7� -Ѵvo� o==v;|� |_;� "��� 0;m;=b|v�
=uol�1o�;u�1uorvĺ�$_;u;=ou;ķ�bm1u;-v;7�R� and reduced maize yield 
-=|;u�momŊ�Ѵ;]�l;�1o�;u�1uorv�1o�Ѵ7�o==v;|� |_;�"���0;m;=b|v� =uol�
1o�;u�1uorvĺ�$_;� blr-1|v�o=�7b==;u;m|� =-1|ouv�om�"���0;m;=b|v�-u;�
7bv1�vv;7�bm�|_;�=oѴѴo�bm]�v;1|bomvĺ

ƒĺƓՊ |Պ 
-1|ouv�|_-|�-==;1|�"���0;m;=b|v�=uol�
cover crops

"���0;m;=b|v�=uol�1o�;u�1uorv��-u��-lom]�7b==;u;m|�vb|;v�-m7�7b==;uŊ
;m|�=-1|ouv�Ѵ;-7�|o�|_;v;��-ub-|bomvĺ�);�bm�;v|b]-|;7�=o�u�l-fou�=-1Ŋ
|ouv�|_-|�bm=Ѵ�;m1;�"���1_-m];�ou�"���0;m;=b|v�=uol�1o�;u�1uorvķ�

F I G U R E  3ՊŐ-ő�Ecosys�vbl�Ѵ-|;7�-m7�=b;Ѵ7Ŋ�l;-v�u;7�"���1om1;m|u-|bom�bm�|orvobѴ�ŐƏŋ�ƏĺƐƔՓlő�-|�|_;��ouuo���Ѵo|v�bm��ѴѴbmobv��b|_�1om|bm�o�v�
l-b�;�uo|-|bomv�-m7�7b==;u;m|�=;u|bѴb�-|bom�ru-1|b1;v�o�;u�|_;�Ѵ-v|�1;m|�u�ĺ��-m�u;�-rrѴb;7�-mm�-ѴѴ��=ou�|_;��_oѴ;�r;ubo7Ĺ�ƓĺƔ��]�_-ƴƐՓ�;-uƴƐ 
o=�l-m�u;�ŐƓƔѷ�1-u0om��b|_��Ĺ��u-|bo�o=�ƒƏő�=uol�ƐƖƐƒ�|o�ƑƏƑƏĸ���=;u|bѴb�;u�-rrѴb;7�-mm�-ѴѴ��-=|;u�l-m�u;�-mm�-ѴѴ��vbm1;�ƐƖѵƕĹ�ƓĺƔ��]�
_-ƴƐՓ�;-uƴƐ�o=�l-m�u;�ŐƓƔѷ�1-u0om��b|_��Ĺ��u-|bo�o=�ƒƏő�=uol�ƐƖƐƒ�|o�ƐƖѵƕĸ�ƒƒѵ�h]�Փ_-ƴƐՓ�;-uƴƐ�=uol�ƐƖѵѶ�|o�ƐƖƖѶĸ�ƑƑƓ�h]��_-ƴƐ yearƴƐ 
=uol�ƐƖƖƖ�|o�ƑƏƑƏ�Ő�u;=�ş�)-m7;uķ�ƐƖƖƕőĺ�$_;�;uuou�0-uv�u;ru;v;m|�|_;�-vv�l;7��m1;u|-bm|��Ѵ;�;Ѵ�o=�|_;�l;-v�u;l;m|v�Ő-vv�l;7�ƐƏѷ�
�m1;u|-bm|�őĺ�Ő0ő�"1-||;u�rѴo|�o=�;1ov�v�vbl�Ѵ-|;7�-m7�=b;Ѵ7Ŋ�l;-v�u;7�"���1om1;m|u-|bom�=uol�ƐƖƐƒ�|o�ƑƏƑƏ�-|�|_;��ouuo���Ѵo|v�=ou�rѴo|v�
�b|_�l-m�u;�-rrѴb;7�-mm�-ѴѴ��=ou�|_;��_oѴ;�r;ubo7�Ő1-Ѵb0u-|bom�7-|-v;|őĺ�Ő1ő�"1-||;u�rѴo|�o=�;1ov�v�vbl�Ѵ-|;7�-m7�=b;Ѵ7Ŋ�l;-v�u;7�"���
1om1;m|u-|bom�=uol�ƐƖƐƒ�|o�ƑƏƑƏ�-|�|_;��ouuo���Ѵo|v�=ou�rѴo|v��b|_���=;u|bѴb�;u�-rrѴb;7�-mm�-ѴѴ��-=|;u�l-m�u;�-mm�-ѴѴ��vbm1;�ƐƖѵƕ�Ő�-Ѵb7-|bom�
7-|-v;|őĺ�Ő7ő�Ecosys�vbl�Ѵ-|;7�-m7�=b;Ѵ7Ŋ�l;-v�u;7�"���1_-m];�Ől�Ѵ|bŊ��;-u�-�;u-];7ő�o=�Əŋ�ƏĺƕƔՓl�-|�|_;�	"ƏƑ�vb|;�=uol�ƑƏƏƏ�|o�ƑƏƐƑĸ�$_;�
;uuou�0-uv�u;ru;v;m|�v|-m7-u7�7;�b-|bom�-lom]�rѴo|v�o=�7b==;u;m|�|bѴѴ-];�ru-1|b1;vĺ�Œ�oѴo�u�=b]�u;�1-m�0;��b;�;7�-|�wileyonlinelibrary.com]
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ƑƔѶƏՊ |ՊՊՍ QIN et al.

bm1Ѵ�7bm]�ŐƐő�bmb|b-Ѵ�vobѴ�ruor;u|b;v�Ő;ĺ]ĺķ�"���v|o1h�-m7�1Ѵ-��1om|;m|őķ�
ŐƑő�1o�;u�1uor�|�r;vķ�Őƒő�1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7ķ�
-m7�ŐƓő�1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;ĺ��mb|b-Ѵ�vobѴ�ruor;uŊ
|b;v�-u;�blrou|-m|�bm7b1-|ouv�=ou�"���1_-m];��_bѴ;�|_;�o|_;u�|_u;;�
=-1|ouv�1-m�-==;1|�1o�;u�1uor�0bol-vv�|_-|�7bu;1|Ѵ��1om|uoѴv�|_;�"���
0;m;=b|v�Őv;;�";1|bom�ƒĺƓĺƐőĺ

ƒĺƓĺƐՊ ŇՊ 
-1|ou�ƐĹ��mb|b-Ѵ�vobѴ�ruor;u|b;v�Ő;ĺ]ĺķ�"���
v|o1h�-m7�1Ѵ-��1om|;m|ő

);�=o�m7�|_-|�bmb|b-Ѵ�"���v|o1h�-m7�1Ѵ-��1om|;m|�rѴ-��blrou|-m|�uoѴ;v�
bm�t�-m|b=�bm]�"���1_-m];ĺ� 
uol� |_;�ecosys� vbl�Ѵ-|bomķ��;� =o�m7�

|_-|� "��� 1_-m];� bv� m;]-|b�;Ѵ�� 1ouu;Ѵ-|;7� �b|_� bmb|b-Ѵ� "��� v|o1h�
Ő
b]�u; ѵ-ő� -m7�rovb|b�;Ѵ�� 1ouu;Ѵ-|;7��b|_� 1Ѵ-�� 1om|;m|� Ő
b]�u; "Ɛőķ�
bm7b1-|bm]�|_-|�|_;�7;1olrovb|bom�u-|;�bv�=-v|;u��_;m�|_;�"���v|o1h�
bv� Ѵ-u];uķ�ou�1Ѵ-��1om|;m|� bv� Ѵo�;uĺ�"obѴv��b|_� Ѵ-u];u� bmb|b-Ѵ�"���mouŊ
l-ѴѴ��1om|-bm�Ѵ-u];u�lb1uo0;�ror�Ѵ-|bomv�|_;u;0��bm1u;-vbm]�R�ĺ�
ou�
|_;��b|_o�|Ŋ�1o�;uŊ�1uor�1om7b|bomv�-|�o�u�v|�7��vb|;vķ�|_;�=b||;7�ѴbmŊ
;-u�vѴor;�o=�|_;�"���0;m;=b|v�|o�1o�;u�1uorv��b|_�bmb|b-Ѵ�"���v|o1h�
Ő
b]�u; ѵ-ő� bv� ƴƏĺƏƏƑƒķ� bm7b1-|bm]� ƏĺƑƒѷ� o=� |_;� bmb|b-Ѵ� "��� v|o1h�
ŐƏŋ�Ƒ�lő� bv� Ѵov|�-v���2�-mm�-ѴѴ�� bm�|_bv�v�v|;lĺ��v�=ou�vobѴ�1Ѵ-��1omŊ
|;m|vķ�;-uѴb;u�v|�7b;v�_-�;�v_o�m�|_-|�7;1olrovb|bom�u-|;v�7;1u;-v;�
�b|_�_b]_;u�1Ѵ-��1om|;m|vķ�0;1-�v;�1Ѵ-��lbm;u-Ѵ�-vvo1b-|bomv�u;7�1;�
|_;�r_�vb1-Ѵ�-11;vvb0bѴb|��-m7�1_;lb1-Ѵ�-�-bѴ-0bѴb|��o=�"���|o�7;1olŊ
rov;uv�Ő�rv|;bm�;|�-Ѵĺķ�2002őĺ

F I G U R E  4Պ�-r�o=�"���1om1;m|u-|bom�7bv|ub0�|bom�bm��ѴѴbmobv�-m7�ecosys�vbl�Ѵ-|;7�"���v|o1h�ŐƏŋ�ƑՓlő�-|�vb��1o�;u�1uor�vb|;v�Ő��ķ�	�ķ�&!ķ�
�$ķ���ķ�-m7�	"ő�bm��ѴѴbmobv�=uol�ƑƏƐƒ�|o�ƑƏƑƏ��b|_�|_u;;�uo|-|bom�v�v|;lv�ŐƐő��b|_o�|Ŋ�1o�;uŊ�1uor�Ől-b�;Ŋ�vo�0;-m�uo|-|bomvőķ�ŐƑő�momŊ�Ѵ;]�l;Ŋ�
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u;v�Ѵ|vĺ� �m� v�ll-u�ķ� 1ol0bm;7�;==;1|v� =uol� bm1u;-v;7�ru;1brb|-|bom�
7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7�-u;�1olrѴ;��-m7�vb|;�vr;1b=b1ĺ

ƒĺƓĺƓՊ ŇՊ 
-1|ou�ƓĹ��o�;u�1uor�rѴ-m|bm]�7-|;�-m7�
|;ulbm-|bm]�|bl;

�om];u� 1o�;u� 1uor� ]uo�|_� r;ubo7� 1-m� bm1u;-v;� "��� 0;m;=b|v� =uol�
1o�;u�1uorvĺ�);�=o�m7�|_-|�;-uѴb;u�rѴ-m|bm]�-m7�Ѵ-|;u�|;ulbm-|bm]�u;Ŋ
v�Ѵ|�bm�Ѵ-u];u�1o�;u�1uor�0bol-vvķ�|_�v�Ѵ;-7bm]�|o�Ѵ-u];u�"���0;m;=b|v�

F I G U R E  8ՊŐ-ő�Ecosys�vbl�Ѵ-|;7�1-u0om�0�7];|�-|�vb��1o�;u�1uor�vb|;v�bm��ѴѴbmobv��m7;u�momŊ�Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;�1om7b|bomv��b|_�1_-m];v�
-rrѴb;7�|o�|;lr;u-|�u;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7ĺ�Ő0ő�Ecosys�vbl�Ѵ-|;7�1-u0om�0�7];|�-|�vb��1o�;u�1uor�vb|;v�bm��ѴѴbmobv��m7;u�momŊ�
Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;�1om7b|bomv��b|_�1_-m];v�-rrѴb;7�|o�ru;1brb|-|bom�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7ĺ�"���0;m;=b|v�=uol�1o�;u�
1uorv�u;ru;v;m|�-77b|bom-Ѵ�"���0;m;=b|v�0uo�]_|�0��1o�;u�1uorv�1olr-u;7�|o��b|_o�|Ŋ�1o�;uŊ�1uor�1om7b|bomv�Őv-l;�1Ѵbl-|;�1_-m];�=-1|ouv�
-rrѴb;7őĺ��uuou�0-uv�u;ru;v;m|�v|-m7-u7�7;�b-|bom�-lom]�vb��1o�;u�1uor�vb|;vĺ�Œ�oѴo�u�=b]�u;�1-m�0;��b;�;7�-|�wileyonlinelibrary.com]
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ƑƔѶƓՊ |ՊՊՍ QIN et al.

=uol�1o�;u�1uorvĺ�)_;m�|_;�1o�;u�1uor�]uo�|_�r;ubo7�bv�;�r-m7;7�0��
ƔƏѷ�=uol�Ɣ�|o�ƕĺƔՓlom|_vķ�"���0;m;=b|v�=uol�1o�;u�1uorv�bm1u;-v;�
0��Ƒѵѵѷ�=uol�ƏĺƐƔ�|o�ƏĺƔƔ��]��_-ƴƐ yearƴƐ�Ő
b]�u; 9őĺ��-uѴb;u�rѴ-m|Ŋ
bm]�-m7�Ѵ-|;u�|;ulbm-|bm]�-ѴѴo��1o�;u�1uorv�|o�-1_b;�;�Ѵ-u];u�0bol-vvķ�
�_b1_�7bu;1|Ѵ��0;m;=b|v�"���0�|�_-v�|_;�ubvh�o=�u;7�1bm]�l-b�;��b;Ѵ7�
-m7�l-b�;�u;vb7�;�Ő bm�;|�-Ѵĺķ�ƑƏƑƐőĺ��m�-77b|bom�|o�|_;�1olr;|b|bom�=ou�
u;vo�u1;v�Ő;ĺ]ĺķ��ķ��-|;uķ�-m7�o��];mőķ�|_;�-ѴѴ;Ѵor-|_��;==;1|v�o=��bmŊ
|;u�1o�;u�1uorv�l-��-Ѵvo�m;]-|b�;Ѵ��-==;1|�1-v_�1uor�]uo�|_�Ő�o;_Ѵ;uŊ�
�oѴ;�;|�-Ѵĺķ�2020őĺ��ѴѴ;Ѵor-|_��;==;1|v�v�]];v|�|_-|�1_;lb1-Ѵv�u;Ѵ;-v;7�
0��1o�;u�1uorv�bm|o�|_;�vobѴ�l-��bm_b0b|�|_;�]uo�|_�o=�=oѴѴo�bm]�1-v_�
1uorv� Ő,_-m]� ;|� -Ѵĺķ� ƑƏƑƐőķ� �_b1_� 1o�Ѵ7� 0;� -mo|_;u� u;-vom� =ou� |_;�
|u-7;Ŋ�o==�0;|�;;m�1o�;u�1uor�0bol-vv�-m7�1-v_�1uor��b;Ѵ7ĺ

ƓՊ |Պ	�"�&""���

ƓĺƐՊ |Պ �olr-ubm]�|_;�vbl�Ѵ-|;7�"���0;m;=b|v�=uol�
cover crops with prior studies

�m� |_bv� v|�7�ķ��;��v;7�ecosys� |o�t�-m|b=�� |_;�"���0;m;=b|v� =uol�
1o�;u�1uorv�-=|;u�ub]ouo�v�1-Ѵb0u-|bom�-m7��-Ѵb7-|bom��b|_��-ubo�v�
Ѵom]Ŋ�|;ul� =b;Ѵ7� ;�r;ubl;m|� 7-|-ĺ� (-Ѵb7-|bom� o=� "��� 7-|-� -|� |_;�
�ouuo�� �Ѵo|v� 7;lomv|u-|;v� |_;� 1-r-0bѴb|�� o=� |_;� ecosys model 
|o�1-r|�u;� Ѵom]Ŋ�|;ul�"���1_-m];ĺ�Ecosys�-Ѵvo�r;u=oul;7��;ѴѴ� bm�
lo7;Ѵbm]�"���1_-m];�bm��bm|;u��_;-|�uo|-|bomv�o�;u�ƕƏՓ�;-uv�-|�
|_;� �u;|om� rѴo|v� bm��u-m|� ;|� -Ѵĺ� Ő2020őĺ� �11�u-|;�lo7;Ѵbm]� "���
1_-m];� bm� Ѵom]Ŋ�|;ul� -]ub1�Ѵ|�u-Ѵ� v�v|;lv� 0�bѴ7v� |_;� =o�m7-|bom�
=ou�=�u|_;u�-vv;vvl;m|v�=ou�"���0;m;=b|vĺ�$_;m�|_;��-Ѵb7-|bom�o=�
"���1_-m];��m7;u��b|_Ŋ��-m7��b|_o�|Ŋ�1o�;uŊ�1uor�1om7b|bomv�-|�|_;�

	"ƏƑ�vb|;�-vv�u;v�|_;�lo7;Ѵ�1-r-0bѴb|��bm�-11�u-|;�t�-m|b=b1-|bom�
o=�"���0;m;=b|v� =uol�1o�;u�1uorvĺ�);�=o�m7�|_-|�ecosys� vbl�Ѵ-Ŋ
|bomv� mo|� omѴ��l-|1_� |_;� "��� o0v;u�-|bomvķ� 0�|� -Ѵvo� u;ruo7�1;�
|_;� u;vromv;v� o=� "��� 1_-m];� |o� ;m�buoml;m|-Ѵ� =-1|ouv� Őbĺ;ĺķ� bmbŊ
|b-Ѵ�vobѴ�1om7b|bomv�-m7�1Ѵbl-|;�7�ubm]�1o�;u�1uor�]uo�|_�r;ubo7őķ�
�_b1_�;m-0Ѵ;v�=�u|_;u�-vv;vvl;m|�|o�or|blb�;�1o�;u�1uor�rѴ-m|bm]�
v|u-|;]b;vĺ

);�-Ѵvo� =o�m7� =uol�|_;� =b;Ѵ7�7-|-� |_-|�"���1om1;m|u-|bomv�o=�
v�u=-1;�vobѴv�7;1u;-v;7�-|�|_;��ouuo���Ѵo|v�o�;u�|_;� Ѵ-v|�1;m|�u�ķ�
;vr;1b-ѴѴ��=ou�|_;�=buv|�v;�;u-Ѵ�7;1-7;v�-=|;u�|_;�v|-u|�o=�1�Ѵ|b�-|bomĺ�
"|�7b;v�_-�;�mo��u;-1_;7�|_;�1omv;mv�v�|_-|�bm|;mvb�;�-]ub1�Ѵ|�u;�
bm1u;-v;v�|_;�1-u0om�u;Ѵ;-v;�=uol�vobѴ�|o�|_;�-|lovr_;u;�Ő�-Ѵķ�2002; 
�bѴ;v�ş��uo�mķ�ƑƏƐƐőķ��_b1_�v|u;vv;7�|_;�m;;7�|o�bm1ourou-|;�1omŊ
v;u�-|b�;�ru-1|b1;vķ�v�1_�-v�1o�;u�1uorvķ�|o�vѴo��7o�m�|_;�"���7;Ŋ
1u;-vbm]�|u;m7vĺ

"���0;m;=b|v�=uol�1o�;u�1uorv�bm�|_;�lo7;Ѵ�vbl�Ѵ-|bomv�-u;�-Ѵvo�
1olr-u;7��b|_��-ubo�v�l;|-Ŋ�v|�7b;v�Ő$-0Ѵ; 2őĺ���;u-];�"���0;m;Ŋ
=b|v�=uol�1o�;u�1uorv�bm�|_;�ecosys�vbl�Ѵ-|bomv�-�;u-];7�Əĺƒƒ��]��
_-ƴƐ yearƴƐ�-m7�ƏĺƓƏ��]��_-ƴƐ yearƴƐ�=ou�l�Ѵ|brѴ;�|�r;v�o=�1o�;u�1uorv�
-|�vb��1o�;u�1uor�vb|;v�-m7�=ou�|_;�	"ƏƑ�vb|;ķ�u;vr;1|b�;Ѵ�ĺ���;u-ѴѴķ�
o�u� u;v�Ѵ|v� o=� "��� 0;m;=b|v� -u;� 1omvbv|;m|� �b|_� u;v�Ѵ|v� o=� l;|-Ŋ�
v|�7b;vķ�7;lomv|u-|bm]�|_;�ecosys�lo7;Ѵ�-v�-m�;==;1|b�;�|ooѴ�bm�-11�Ŋ
u-|;Ѵ��t�-m|b=�bm]�"���0;m;=b|v�=uol�1o�;u�1uorv�-|�|_;�=b;Ѵ7Ŋ�v1-Ѵ;�
�m7;u�7b==;u;m|�1om7b|bomv�bm�1Ѵbl-|;�-m7�vobѴ�ruor;u|b;vĺ��;-m�_bѴ;ķ�
�;�=o�m7�|_-|�"���0;m;=b|v�=uol�1o�;u�1uorv�_-�;�-�Ѵ-u];��-ub-|bom�
bm�l;|-Ŋ�v|�7b;vĹ�|_;�l;-m�"���0;m;=b|v�=uol�1o�;u�1uorv�u;rou|;7�
0���b-mķ�	�ķ�-m7�"|;�-u|�Ő2020őķ��b-mķ�	�ķ�!;b|;uķ�-m7�"|;�-u|�Ő2020ő�
-m7��07-ѴѴ-�;|�-Ѵĺ�ŐƑƏƐƖő�-u;�|�b1;�-v�l�1_�-v��_-|��-v�u;rou|;7�0��
�1�Ѵ;ѴѴ-m7�;|�-Ѵĺ� ŐƑƏƑƐőĺ��m;�rovvb0Ѵ;� u;-vom� bv� |_;�7b==;u;m1;v� bm�
|_;�7;r|_�o=�l;-v�u;l;m|v�bm1Ѵ�7;7�bm�|_;�v|�7�ĺ�"�u=-1;�vobѴv�-m7�
v�0v�u=-1;�vobѴv�_-�;�7b==;u;m|�u;vromv;v�-=|;u�rѴ-m|bm]�1o�;u�1uorvĺ�
��u�lo7;Ѵbm]� u;v�Ѵ|v� v_o�;7� |_-|� v�u=-1;�"��� bm1u;-v;v� bm��b|_Ŋ�
1o�;uŊ�1uor� 1om7b|bomv� 1olr-u;7� |o��b|_o�|Ŋ�1o�;uŊ�1uor� 1om7b|bomv�
Ő
b]�u; "ƒőĺ��o�;�;uķ�bm�7;;r;u�vobѴ� Ѵ-�;uv�Ő>Əĺƒ�lőķ��;�=o�m7�|_-|�
|_;�"���v|o1h�7;1u;-v;v�bm��b|_Ŋ�1o�;uŊ�1uor�1om7b|bomv�1olr-u;7�|o�
�b|_o�|Ŋ�1o�;uŊ�1uor�1om7b|bomv�Ő
b]�u; "ƒőĺ�$_bv�r-||;um�bv�1omvbv|;m|�
�b|_�=oul;u�v|�7b;v� Ő�b-mķ�	�ķ�!;b|;uķ�ş�"|;�-u|ķ�2020ĸ��b-mķ�	�ķ�ş�
"|;�-u|ķ�2020ĸ�$-�|];v�;|�-Ѵĺķ�ƑƏƐƖőĺ�	�;�|o�|_;�orrovb|;�7bu;1|bomv�
o=�"���0;m;=b|v�=uol�1o�;u�1uorv�bm�7b==;u;m|�vobѴ�Ѵ-�;uvķ�b=�l;-v�u;Ŋ
l;m|v�-u;�omѴ��1om7�1|;7�bm�v�u=-1;�Ѵ-�;uvķ�"���0;m;=b|v�=uol�1o�;u�
1uorv�1o�Ѵ7�0;�;�-]];u-|;7ĺ��o�;�;uķ�;�;m�|-hbm]�-11o�m|�o=�7b==;uŊ
;m1;v� bm�l;-v�u;l;m|vķ��;�1o�Ѵ7�mo|�m;]Ѵ;1|�|_;� Ѵ-u];��m1;u|-bmŊ
|b;v�bm�"���0;m;=b|v�=uol�1o�;u�1uorv�bm�1�uu;m|�v|�7b;vĺ�$_bv�Ѵ-u];�
�-ub-|bom�bm�7b==;u;m|�v|�7b;v�=�u|_;u�v|u;vv;7�|_;�m;;7�=ou�-11�u-|;�
t�-m|b=b1-|bom�o=�=b;Ѵ7Ŋ�v1-Ѵ;�"���0;m;=b|v�=uol�1o�;u�1uorvĺ

�m�-77b|bom�|o�|_;�"���0;m;=b|vķ�1o�;u�1uorv�1o�Ѵ7�-Ѵvo�0;m;=b|�
|_;�vobѴ�;m�buoml;m|�=uol�o|_;u�r;uvr;1|b�;vĺ�);�=o�m7�=uol�|_;�
vbl�Ѵ-|bomv� |_-|� lb1uo0b-Ѵ� 0bol-vv� 1-u0om� bm1u;-v;7� �b|_� 1o�;u�
1uorv�Ő
b]�u; "Ɠőķ��_b1_�bv�1omvbv|;m|��b|_�=oul;u�v|�7b;v�=bm7bm]�blŊ
ruo�;l;m|v�bm�vobѴ�=;u|bѴb|��Ő�Ѵ�-u;��;|�-Ѵĺķ�ƑƏƐƕĸ�
-];ub-�;|�-Ѵĺķ�2005; 
�1	-mb;Ѵ�;|�-Ѵĺķ�ƑƏƐƓőĺ�"|�7b;v�-Ѵvo�u;rou|;7�|_-|�1o�;u�1uorv�1o�Ѵ7�
u;7�1;�1-v_�1uor�uoo|�7bv;-v;ķ�vѴo��7o�m�vobѴ�;uovbomķ�-m7�blruo�;�
vobѴ�r_�vb1-Ѵ�ruor;u|b;v�Ő�07-ѴѴ-�;|�-Ѵĺķ�ƑƏƐƖĸ��Ѵ�-u;��;|�-Ѵĺķ�ƑƏƐƕ; De 

F I G U R E  9ՊEcosys�vbl�Ѵ-|;7�"���0;m;=b|v�=uol�1o�;u�1uorv�Ől�Ѵ|bŊ�
�;-u�-�;u-];7ő��m7;u�momŊ�Ѵ;]�l;Ŋ�ru;1;7bm]Ŋ�l-b�;�1om7b|bomv�=uol�
ƑƏƐƒ�|o�ƑƏƑƏ��b|_�7b==;u;m|�1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;�
-|����vb|;ĺ�Œ�oѴo�u�=b]�u;�1-m�0;��b;�;7�-|�wileyonlinelibrary.com]
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ՊՍՊ |ՊƑƔѶƔQIN et al.

�-;|v�;|�-Ѵĺķ�ƑƏƐƐĸ�);m�;|�-Ѵĺķ�ƑƏƐƕőķ��_b1_�_-�;�mo|��;|�0;;m�;�Ŋ
rѴou;7�0��|_;�ecosys�lo7;Ѵ�0�|�-u;��ou|_�=�u|_;u�v|�7b;vĺ

ƓĺƑՊ |Պ�;1_-mbv|b1�r-|_�-�v�o=�"���0;m;=b|v�=uol�
cover crops

"���0;m;=b|v� =uol�1o�;u�1uorv�-m7�"���1_-m];�-u;�1om|uoѴѴ;7�0��
=o�u� l-fou� 1om|uoѴѴbm]� =-1|ouv� Ő
b]�u; ƐƏőķ� bm1Ѵ�7bm]� ŐƐő� bmb|b-Ѵ� vobѴ�
ruor;u|b;v�Ő;ĺ]ĺķ�"���v|o1h�-m7�1Ѵ-��1om|;m|őķ� ŐƑő�1o�;u�1uor�|�r;vķ�
Őƒő�1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7ķ�-m7�ŐƓő�1o�;u�1uor�
rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;ĺ��lom]�|_;v;�=-1|ouvķ�bmb|b-Ѵ�vobѴ�ruorŊ
;u|b;v�_-�;�vl-ѴѴ�bm=Ѵ�;m1;�om�"���0;m;=b|v�=uol�1o�;u�1uorv�0�|�-u;�
blrou|-m|� bm7b1-|ouv�=ou�"���1_-m];ĺ�$_;�o|_;u�|_u;;�=-1|ouv� Őbĺ;ĺķ�
1o�;u�1uor�|�r;vķ�1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7�-m7�
1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;ő�1om|uoѴ�"���0;m;=b|v�=uol�
1o�;u� 1uorvĺ��uo�bm]� 1o�;u� 1uorv� mo|� omѴ�� -77v�m;|� 1-u0om� bmr�|�
|o� |_;�v�v|;lķ�0�|�-Ѵvo�-==;1|v�1-v_�1uor�]uo�|_�-m7�vobѴ�lb1uo0;�
-1|b�b|b;v�Ő�bl�;|�-Ѵĺķ�2020őĺ

�b]_;u�|;lr;u-|�u;�7�ubm]�1o�;u�1uor�]uo�|_�r;ubo7ķ�v;Ѵ;1|bm]�
1oѴ7Ŋ�|oѴ;u-m|�1o�;u�1uor�vr;1b;vķ�;-uѴb;u�rѴ-m|bm]�-m7� Ѵ-|;u� |;ulbŊ
m-|bm]�-ѴѴ�1om|ub0�|;�|o�Ѵ-u];u�1o�;u�1uor�0bol-vvķ�|_�v�Ѵ;-7bm]�|o�
Ѵ-u];u�"���0;m;=b|v�=uol�1o�;u�1uorvĺ�);��v;7�|_;�_oѴbv|b1�1-u0om�
0�7];|� o=� |_;� =-ulѴ-m7� |o� -m-Ѵ��;� |_;� blr-1|v� om� "���0;m;=b|v�
=uol�7b==;u;m|�=-1|ouv�om�|_;bu�bm|;u-1|b�;�1om|uoѴv�-m7�7bu;1|�1omŊ
|uoѴv�Őbĺ;ĺķ�1-u0om�bmr�|�-m7�1-u0om�o�|r�|őĺ����|-hbm]�bm|o�-11o�m|�
7b==;u;m|�1-u0om�=Ѵ��;v�o=�|_;��_oѴ;�-]uo;1ov�v|;lķ��;�-vv;vv;7�
|_;� blr-1|v� =uol� 1o�;u� 1uorv� om� 1-u0om� 1�1Ѵ;� |_uo�]_� 1-u0om�
=Ѵ��;v� =uol� 1o�;u� 1uorvķ� 1-v_� 1uorvķ� -m7� |_;� vobѴ� Őbĺ;ĺķ�R�őĺ� �omŊ�
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ƑƔѶѵՊ |ՊՊՍ QIN et al.

ƓĺƒՊ |Պ�-m-];l;m|�ru-1|b1;v�|o�l-�blb�;�"���
benefits from cover crops

);�=o�m7�|_-|�1o�;u�1uorv�u;t�bu;�ruor;u�l-m-];l;m|�ru-1|b1;v�|o�
-1_b;�;� Ѵ-u];u� "��� 0;m;=b|v� -m7�lbmblb�;� ro|;m|b-Ѵ� ubvhvĺ���u� u;Ŋ
v�Ѵ|v�v_o�;7�|_-|�l-m-];l;m|�ru-1|b1;v�Ő;ĺ]ĺķ�v;Ѵ;1|bm]�1o�;u�1uor�
|�r;v�-m7�1om|uoѴѴbm]�1o�;u�1uor�]uo�|_�r;ubo7ő�-u;�l-fou�1om|uoѴŊ
Ѵbm]�=-1|ouv�o=�"���0;m;=b|v�=uol�1o�;u�1uorv�-m7�1-v_�1uor�ruo7�1Ŋ
|bomķ�bm7b1-|bm]�|_-|�1o�;u�1uor�0;m;=b|v�1o�Ѵ7�0;�l-�blb�;7�|_uo�]_�
or|bl-Ѵ�l-m-];l;m|�ru-1|b1;v�Ő
b]�u; ƐƏőĺ��ubou�v�u�;��v|�7b;v�-Ѵvo�
v_o�;7�|_-|�Ѵ-u];u�m;|�ruo=b|v�o=�1o�;u�1uorv�-u;�-1_b;�;7�0��lou;�
;�r;ub;m1;7�=-ul;uv�Ő!o;v1_Ŋ��1�-ѴѴ��;|�-Ѵĺķ�ƑƏƐѶőķ�;lr_-vb�bm]�|_;�
blrou|-m1;�o=�ruor;u�l-m-];l;m|�ru-1|b1;v�=ou�1o�;u�1uorvĺ

";Ѵ;1|bm]�1o�;u�1uor�|�r;v�-m7�l-m-]bm]�|_;�1o�;u�1uor�]uo�|_�
r;ubo7�-u;�;==;1|b�;�l-m-];l;m|�ru-1|b1;vķ�0�|�|_;�or|bl-Ѵ�ru-1|b1;v�
-|� =b;Ѵ7� Ѵ;�;Ѵ� u;t�bu;v� =�u|_;u�-vv;vvl;m|ĺ�
buv|ķ�ruor;u�l-m-];l;m|�
7;1bvbomv�o=�1o�;u�1uorv�v�1_�-v�1o�;u�1uor�|�r;�v;Ѵ;1|bom�-u;�1ub|b1-Ѵ�
|o�l-�blb�;�"���0;m;=b|v�-m7�u;7�1;�1-v_�1uor��b;Ѵ7�u;7�1|bomĺ�
ou�
bmv|-m1;ķ�Ѵ;]�l;�1o�;u�1uorv�_-�;�-�vl-ѴѴ;u�m;]-|b�;�blr-1|�om�l-b�;�
�b;Ѵ7�|_-m�momŊ�Ѵ;]�l;�1o�;u�1uorv�Ő bm�;|�-Ѵĺķ�ƑƏƑƐőĺ��o�;�;uķ�Ѵ;]�l;�
1o�;u�1uorv�-u;�lou;�;�r;mvb�;�|o�rѴ-m|�-m7�Ѵ;vv�|oѴ;u-m|�|o�1oѴ7�1ѴbŊ
l-|;v�Ő�$��ķ�ƑƏƐƕő�-m7�v|�7b;v�_-�;�=o�m7�|_-|� Ѵ;]�l;�1o�;u�1uorv�
1-m�bm1u;-v;��2��;lbvvbomķ��_b1_�o==v;|v�|_;�"���0;m;=b|v�om�����
;lbvvbom�u;7�1|bomv�Ő�-v1_;�;|�-Ѵĺķ�ƑƏƐƓőĺ�$_;u;=ou;ķ�|_;�v�b|-0bѴb|��o=�
7b==;u;m|� |�r;v�o=� 1o�;u� 1uorv� 1-m�0;� vb|;� vr;1b=b1� -m7� u;t�bu;v� =�uŊ
|_;u�-vv;vvl;m|vĺ�";1om7ķ�or|blb�bm]�rѴ-m|bm]�-m7�|;ulbm-|bm]�7-|;v�
-u;�1ub|b1-Ѵ�bm�1o�;u�1uor�l-m-];l;m|�0�|�|_;u;�bv�-�|u-7;Ŋ�o==�0;|�;;m�

1o�;u�1uor�0bol-vv�-m7�l-b�;��b;Ѵ7ĺ���u�lo7;Ѵbm]�u;v�Ѵ|v�=o�m7�|_-|�
Ѵom];u�1o�;u�1uor�]uo�|_�r;ubo7�bm1u;-v;v�"���0;m;=b|v�0�|�_-v�Ѵ-u];u�
ubvhv� o=� 1-v_� 1uor� �b;Ѵ7� u;7�1|bomķ� �_b1_� bv� 1omvbv|;m|� �b|_� ;-uѴb;u�
v|�7b;v� Ő�ѴomvoŊ����vo�;|�-Ѵĺķ�ƑƏƐѶĸ��-Ѵh1ol�;|�-Ѵĺķ�ƑƏƐƔĸ��_-||;uf;;�
;|� -Ѵĺķ�2020őķ� v�]];v|bm]� =uol� |_;� "��� r;uvr;1|b�;ķ� |_;� bm1u;-v;� bm�
1o�;u�1uor�0bol-vv�7�;�|o�Ѵom];u�]uo�|_�r;ubo7�;�1;;7;7�|_;�u;7�1Ŋ
|bom� bm�l-b�;�u;vb7�;ĺ��o�;�;uķ�7�;�|o�|_;�|u-7;Ŋ�o==v�0;|�;;m�"���
0;m;=b|v� =uol�1o�;u�1uorv�-m7�1-v_�1uor��b;Ѵ7ķ� vbm]Ѵ;�l;|ub1�;�-Ѵ�-Ŋ
|bomv�-u;�mo|�-7;t�-|;�|o�v;Ѵ;1|�ruor;u�1o�;u�1uor�|�r;�-m7�or|blb�;�
1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�7-|;vĺ� �m�v_ou|ķ� |_;�v;Ѵ;1|bom�o=�
1o�;u�1uor�|�r;v�-m7�rѴ-m|bm]�-m7�|;ulbm-|bm]�7-|;�v_o�Ѵ7�0;�7;|;uŊ
lbm;7��b|_�-�1olru;_;mvb�;�;�-Ѵ�-|bom�=u-l;�ouhĺ

ƓĺƓՊ |Պ �1omolb1�-m7�roѴb1��blrѴb1-|bom�o=�-7or|bm]�
cover crops in the central Midwest

$o�7;vb]m�|_;�or|bl-Ѵ�l-m-];l;m|�o=�rѴ-m|bm]�1o�;u�1uorvķ�om;�v_o�Ѵ7�
|-h;� =�ѴѴ�1omvb7;u-|bom�o=�0o|_�v1b;m|b=b1�-m7�;1omolb1� =-1|ouvķ� v�1_�
-v�1o�;u�1uor�rѴ-m|bm]ņv;;7�1ov|ķ��b;Ѵ7�blr-1|v�om�1-v_�1uor�-m7�1-v_�
1uor�rub1;ķ�1-u0om�1u;7b|�r-�l;m|vķ�]o�;uml;m|�1ov|Ŋ�v_-u;�-m7�o|_;u�
-vvbv|-m1;�r-�l;m|ķ�-m7�1oŊ�0;m;=b|v�o=�1o�;u�1uorvĺ�"�1_�;==ou|v�u;Ŋ
t�bu;�=b;Ѵ7Ŋ�Ѵ;�;Ѵ�-vv;vvl;m|v��b|_�|_;�1ol0bm-|bom�o=�;1omolb1�-m-ѴŊ
�vbv�-m7�;1ov�v|;l�lo7;Ѵvĺ��-v;7�om�u;1;m|�l;|-Ŋ�v|�7b;v� Ő$-0Ѵ; 2őķ�
�;�=o�m7�|_-|�1olr;mv-|bom�=ou�1-u0om�1u;7b|v�-Ѵom;�l-��mo|�;�1;;7�
1o�;u�1uor�1ov|v��m7;u�1�uu;m|�1-u0om�1u;7b|�rub1;v�bm��oѴ�m|-u��l-uŊ
h;|vĺ���;u-];�1ov|�o=�rѴ-m|bm]�1o�;u�1uorv�bv�;v|bl-|;7�|o�0;�-uo�m7�

FIGURE 10Պ�lr-1|�=-1|ouv�-m7�|_;bu�bm|;u-1|b�;�1om|uoѴv�om�"���0;m;=b|v�=uol�1o�;u�1uorv�bm�|_;�1;m|u-Ѵ�&"��b7�;v|ķ�bm1Ѵ�7bm]�7b==;u;m|�
1o�;u�1uor�|�r;vķ�1Ѵbl-|;�7�ubm]�|_;�1o�;u�1uor�]uo�|_�r;ubo7�-m7�1o�;u�1uor�rѴ-m|bm]�-m7�|;ulbm-|bm]�|bl;ĺ�Œ�oѴo�u�=b]�u;�1-m�0;��b;�;7�-|�
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ՊՍՊ |ՊƑƔѶƕQIN et al.

ŪƒƔŋ�ƓƔņ-1u;ņ�;-u�bm�|_;�&"��b7�;v|�Ő�Ѵ-v|bm-�;|�-Ѵĺķ�ƑƏƐѶőĺ�
bm-m1b-Ѵ�
bm1;m|b�;v�=ou�]uo�bm]�1o�;u�1uorv�-u;�=uol�|�o�1_-mm;Ѵv�-|�|_bv�loŊ
l;m|Ĺ�7bu;1|�v�0vb7��=uol�|_;�]o�;uml;m|ŝv�1ov|Ŋ�v_-ubm]�ruo]u-lķ�-m7�
1-u0om� 1u;7b|� r-�l;m|v� =uol� �oѴ�m|-u��l-uh;|vĺ� $_;� =oul;u� bv� |_;�
7olbm-m|�1_-mm;Ѵ�-m7�|�o�l-bm�=;7;u-Ѵ�ruo]u-lv�|_-|�v�0vb7b�;�1o�;u�
1uor�-7or|bom�-u;��m�buoml;m|-Ѵ� �-Ѵb|�� �m1;m|b�;v��uo]u-l� Ő� ��ő�
-m7��omv;u�-|bom�"|;�-u7v_br��uo]u-l�Ő�"�őĺ��o�;�;uķ�omѴ��Ƒƕѷ�o=�
-rruo�;7�-rrѴb1-|bomv� =ou�� ��� u;1;b�;7� =�m7bm]� bm� =bv1-Ѵ��;-u�ƑƏƑƏ�
Ő�om]u;vvbom-Ѵ� !;v;-u1_� ";u�b1;� Ő�!"őķ� 2022őĺ� 
ou� lov|� vl-ѴѴŊ�� -m7�
lb77Ѵ;Ŋ�vb�;7� =-ul;uv��_o� �v�-ѴѴ�� 1-mmo|� ];|� -11;vv� |o� ruo=;vvbom-Ѵ�
]�b7-m1;� bm�ru;r-ubm]� -rrѴb1-|bom�7o1�l;m|v� |o�]o�;uml;m|�]u-m|vķ�
|_;�1olrѴb1-|;7�-rrѴb1-|bom�ruo1;7�u;v�o=�� ���-m7��"
�1-�v;� vb]Ŋ
mb=b1-m|�_�u7Ѵ;vĺ�$_;�m;�Ѵ��bm|uo7�1;7��-m7;lb1��o�;u��uor��uo]u-l�
Ő����ő�bv�|_;�omѴ��=;7;u-ѴŊ�Ѵ;�;Ѵ�1o�;u�1uor�v�rrou|bm]�ruo]u-l�|_-|�_-v�
-�vblrѴ;�;muoѴѴl;m|�ruo1;7�u;ĺ��o�;�;uķ������omѴ��o==;uv�-�ŪƔņ-1u;ņ
�;-u�7bv1o�m|�om�]uo�;uvŝ�1uor�bmv�u-m1;�ru;lb�lķ��_b1_�bv�|oo�vl-ѴѴ�
1olr-u;7�|o�|_;�1ov|�o=�rѴ-m|bm]�1o�;u�1uorvĺ

�omv;t�;m|Ѵ�ķ�-7or|bm]�1o�;u�1uorv� bv�mo|��;|�-m�;1omolb1-ѴѴ��
vo�m7�lo�;�=ou�lov|�]uo�;uv�bm�|_;�1;m|u-Ѵ��b7�;v|ĺ�$-hbm]��ѴѴbmobv�
-v�-m�;�-lrѴ;ķ�-�|�rb1-Ѵ��ѴѴbmobv�]uo�;u��_o�7o;v�mo|�;muoѴѴ�bm�� ���
ou��"�ķ�1o�Ѵ7�omѴ��;�r;1|�|o�u;1;b�;�-�ŪƔņ-1u;ņ�;-u�7bv1o�m|�om�_bv�
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