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��T#VXYZE6FHE%D�G�E#GLD/YJD�N+I^Y�FU��F8c@D/YJVXFHN�FH| �@O@GLV ILT#K�ILO
W�| d6Y_ILD�G�W�O@N+ILV Ned#O@d6YUILV KMD�YJD�GLV D/Y��h��D�F@YLYJd#KMD
ILT6FSI�ILT#D�YJD�GLV D/Y�FHGLDR�@D�N#D�G^FSILD/[��ec�Y_I^FSILV O@N6FHGLc
E#GLO;W�D/YLYJD/Y�FHN6[�W�FHN��%D�KMO;[;D�| D/[�F@YZFHd;ILO@GLD��@GLD/Y_�
YJV b@D�D/ +d6FSILV O@N6Y�����T#D�FH| �@O@GLV ILT#K¡FHE#E#| V D/YZFHN�FH�H�
�@| O@KMD�G^FSILV b@D�W�| d6Y_ILD�GLV N#��E#GLO;W�D/[;d#GLDkILO�[;VXYLW�OSb@D�G
ILT#D�KMO+Y_I(E#GLO@�6FH�#| D�YJD�I(OHP]W�| d6Y_ILD�G^Y([;D/YLW�GLV �;�
V N#�]ILT#D�D/YLYJD�N+ILVXFH|z[;ceN6FHKMVXW�Y�OHP�ILT#D/YJDUILV KMD�YJD��
GLV D/Y��1��T#VXY
YJD/FHG^W^T�F@W�GLO+YLYuILT#D�D�¢;E%O@N#D�N+ILVXFH|eYJE6F@W�D
OHPRE%O+YLYJV �#| D£W�| d6Y_ILD�G^Y(VXY¤KUF@[;D�P�D/F@YJV �#| D£�ec�F
[;VXY_I^FHN6W�D��¥�6F@YJD/[¦T#D�d#GLVXY_ILVXWUY_ILG^FSILD��@c@����T#D�FH| �@OH�
GLV ILT#K¡VXY�ILD/Y_ILD/[�O@N�D�KME#V GLVXW�FH|�FHN6[�GLD/FH|�[#FSI^F#�
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��T#DkILV KMDUYJD�GLV D/Y!V N�¯1V �@d#GLD�iM[;D/YLW�GLV �%DkILT#DUFHN#Ned6FH|1ceV D�|X[
OHPz�@G^FHV N]E#GLO;[;d6W�D/[R�%D�I_°�D�D�N(i/±+�@�UFHN6[(i/²+�@��V N¤iS³ME#| OHI^Y
OHPuILT#D!��GLO+F@[;�6FH| ´�µ6D�|X[�FSI�ILT#D!¶ZOHILT6FHKUY_ILD/F@[�D�¢;E%D�GLV KMD�N;�
I^FH|!Y_I^FSILV O@N��·��T#DR| D�P¸I�E#VXW¹ILd#GLDR[;D�E#VXW¹I^YUILT#DR�@G^FHV N�ceV D�|X[
D�b@O@| d;ILV O@N(V N¤ILT#D�µ6G^Y_IMN#V N#D�E#| OHI^Y�`�°ZT#V | D�ILT#D�GLV �@T+I�E#VXW¹�
ILd#GLDR[;D�E#VXW¹I^YMILT#DRFHN#Ned6FH|ZceV D�|X[��@G^FHV N�V N�ILT#D]|XF@Y_IUD�V �@T+I
E#| OHI^Y�����T#D�µ6D�|X[�°�F@Yz[;V beVX[;D/[�V N¦iS³lE#| OHI^Y�º»ILT#D!b@D�GJILVXW�FH|
Y_ILGLV E6Y�V N(¯1V �@d#GLD���º¼FHN6[�D/F@W^T�E#| OHI�°�F@Y�ILGLD/FSILD/[�°ZV ILT
F�E6FHGJILVXW�d#|XFHG�P�D�GJILV | V ½�D�G/����T#D�KUFHV N�O@�;¾_D/W¹IZOHP1ILT#VXYZD�¢;E%D�GLV �
KMD�N+I!°�F@Y�ILO�[;D�ILD�GLKMV N#D�°ZT#D�ILT#D�G��@G^FHV N]W�O@d#|X[��%D��@GLOS°ZN
W�O@N+ILV Ned#O@d6YJ| cR�ec�KMD/FHN6Y�OHPZFHGJILV µ%W�VXFH|XY�FH| O@N#DUO@G�°ZV ILTqN#O
KUFHNed#GLD@`�FHN6[¦FH|XYJO�ILO�W�O@KME6FHGLDkILT#D�GLD/YJd#| I^YlO@�;I^FHV N#D/[R�ec
W^T#D�KMVXW�FH|XY�O@NqILT#D�O@N#D�T6FHN6[(FHN6[q�ec¦P&FHGLKkc+FHG^[�KUFHNed#GLD
O@N¤ILT#D�OHILT#D�G/�¤��D�°�FHN+I�ILOqFHN6FH| ce½�D�ILT#D/YJD][#FSI^F¦V N�FHN
d#N6YJd#E%D�GLbeVXYJD/[�°�F8c@`B�ec¦�@GLO@d#E#V N#��ILT#DRiS³�ILV KMD�YJD�GLV D/Y�O@N
ILT#D��6F@YJVXYZOHP1ILT#D�V G!YJV KMV |XFHGLV I_cUILOUVX[;D�N+ILV P�c�ILT#D�ILGLD/FSILKMD�N+I^Y
T6F8beV N#�UILT#D�YLFHKMDkD�¿uD/W¹I/�l��T#VXY!VXYlF�W�|XF@YLYJVXW�FH|�E#GLO@�#| D�KÀV N
ILT#DRFHN6FH| c;YJVXYkOHPlILV KMD]YJD�GLV D/YMFHN6[(ILT#DRYJO@| d;ILV O@N�[;D�E%D�N6[#Y
O@N£ILT#D�KMD/FHN#V N#��OHP�Á¹Â¸Ã�Â¸Ä ÅSÆ�Ç�Â¸ÃUÈ�Á�È�Æ¹Â&È¹Á¹�ÀfÉILV KMD(YJD��
GLV D/Y�VXYkILT#D�GLD/FH| V ½/FSILV O@N(OHP�Y_ILO;W^T6F@Y_ILVXW�E#GLO;W�D/YLYJD/Y�FHN6[(°�D
[;D�µ6N#DMI_°�O�O@G�KMO@GLD�ILV KMD�YJD�GLV D/Y�YJV KMV |XFHG�°ZT#D�N¦ILT#D�c�FHGLD
�@D�N#D�G^FSILD/[¤�ecqILT#DRYLFHKMD]E#GLO;W�D/YLY�����T#D�GLD�P�O@GLD@`�[;D/W�VX[;V N#�
°ZT#D�ILT#D�G�I_°�OqILV KMD�YJD�GLV D/Y�FHGLD¦YJV KMV |XFHG�VXY�D/ +d#V bSFH| D�N+I�ILO
[;D/W�VX[;V N#�¤°ZT#D�ILT#D�G�ILT#D�c�FHGLDRO@�6YJD�GLbSFSILV O@N6YUOHP�ILT#D�YLFHKMD

Yearly grain yield between 1852-1925 in plots 2B,3,5-11
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Yearly grain yield between 1852-1925 in plots 12-19
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E#GLO;W�D/YLY�����T#VXY�GLD/W�O@�@N#V ILV O@N¦I^F@YJ´�W�FHN��%D�[;D/YLW�GLV �%D/[�F@Y�F
W�| d6Y_ILD�GLV N#�¦E#GLO@�#| D�K�ø��@V b@D�N�FR�6FSI^W^T¤OHP�ILV KMD�YJD�GLV D/Y�`�°�D
W�| d6Y_ILD�GlILT#D�KÉYJO�ILT6FSI�D/F@W^T�W�| d6Y_ILD�G�W�O@N+I^FHV N6YlYJD�GLV D/Yl�@D�N;�
D�G^FSILD/[��ecMILT#D�YLFHKMDlE#GLO;W�D/YLY�� { d#GLGLD�N+IZFHE#E#GLO+F@W^T#D/Y�ILGLD/FSI
ILV KMD�YJD�GLV D/Y�OHP�W�O@N+ILV Ned#O@d6Y�bSFH| d#D/Y�F@Y�b@D/W¹ILO@G^Y�`1FHN6[�ILT#D�c
�@GLO@d#EMILT#DlYJD�GLV D/Yzd6YJV N#��O@N#D!OHP=ILT#D!ILG^F@[;V ILV O@N6FH|%W�| d6Y_ILD�GLV N#�
KMD�ILT#O;[#Y]ù&ú�FH½�V ´SF8°�FRD�I�FH|�� `!i/²@²@±+û¹����T#D/YJD�FHE#E#GLO+F@W^T#D/Y
FHGLD�[;VXY_I^FHN6W�D��¥�6F@YJD/[=`�ILT#D�c�GLD/ +d#V GLDRILT#D�YJE%D/W�V µ%W�FSILV O@N£OHP
F�E#GLD/YJD�IkNed#Kk�%D�GkOHPZW�| d6Y_ILD�G^Y�O@GkF�ILT#GLD/YJT#O@|X[=`
FHN6[�ILT#D�c
OSb@D�GL| OeO@´�ILT#D�W�O@GLGLD�|XFSILV O@N��%D�I_°�D�D�N�O@�6YJD�GLbSFSILV O@N6Y��
��T#DkYJO@| d;ILV O@N]°�D�E#GLO@E%O+YJD�VXY!FHNRFH| �@O@GLV ILT#KüP�O@G!��F8c@D/YJVXFHN
W�| d6Y_ILD�GLV N#�UOHP�W�O@N+ILV Ned#O@d6Y�ILV KMDkYJD�GLV D/Y��ZýlV b@D�N]FU�6FSI^W^T�OHP
Y_I^FSILV O@N6FHGLcZILV KMD�YJD�GLV D/Y�`�°�D�KMO;[;D�|HILT#D�E#GLO;W�D/YLY=�@D�N#D�G^FSILV N#�
D/F@W^T�OHP#ILT#D�KþF@Y1FHN�FHd;ILO@GLD��@GLD/YLYJV b@D�KMO;[;D�|eOHP6O@G^[;D�G%ÿB`HYLF8c
5Bs
ù ÿuû¹��f�N�5Bs
ù ÿuû�KMO;[;D�|XY�ILT#DMFHd;ILO@GLD��@GLD/YLYJV b@D�Y_ILGLd6W¹ILd#GLD
OHP%F!Y_I^FSILV O@N6FHGLclILV KMD�YJD�GLV D/Y1F@Y1F!QRFHGL´@OSblE#GLO;W�D/YLYBOHP#O@G^[;D�G
ÿqù&��O8¢����@D�N#´eV N6Y�`=i/²e³��+û¹�
��T#D�N�`#°�D�W�| d6Y_ILD�G�ILT#O+YJDlILV KMD
YJD�GLV D/Y�°ZV ILTqF�T#V �@T�E%O+Y_ILD�GLV O@G�E#GLO@�6FH�#V | V I_c]OHP��%D�V N#�]�@D�N;�
D�G^FSILD/[q�ec�ILT#D�YLFHKMD�5Bs
ù ÿuû�KMO;[;D�|�����T#D�[;VXY_ILV N#�@d#VXYJT#D/[
P�D/FSILd#GLD]OHP�O@d#GUKMD�ILT#O;[�VXYUILO([;D/YLW�GLV �%DRW�| d6Y_ILD�GLV N#�(F@YUF
Y_I^FSILVXY_ILVXW�FH|�KMO;[;D�|�YJO�ILT6FSI�ILT#D�W�| d6Y_ILD�GLV N#��I^F@YJ´RVXY�YJO@| b@D/[
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F@YUF���F8c@D/YJVXFHN¤KMO;[;D�|!YJD�| D/W¹ILV O@N�E#GLO@�#| D�K�ø�ILT#DRW�| d6Y_ILD�GJ�
V N#�¦KMO;[;D�|�°�D�| OeO@´�P�O@GkVXY�ILT#D�KMO+Y_I�| V ´@D�| c�E6FHGJILV ILV O@NqOHP
ILT#D�ILV KMDMYJD�GLV D/Y�`=�@V b@D�N]ILT#DU[#FSI^F�FSI�T6FHN6[=����N¦E#GLV N6W�V E#| D@`
°�D�¾_d6Y_I�N#D�D/[qILORD�bSFH| d6FSILD�ILT#D�E%O+Y_ILD�GLV O@GkE#GLO@�6FH�#V | V I_c�OHP
FH| |%E%O+YLYJV �#| DlW�| d6Y_ILD�GLV N#�kKMO;[;D�|XY�FHN6[�YJD�| D/W¹IzILT6FSI�O@N#D!°ZV ILT
KUFS¢;V Kkd#K E%O+Y_ILD�GLV O@GUE#GLO@�6FH�#V | V I_c@� ~�OS°�D�b@D�G/`�ILT#D]Ned#K��
�%D�G�OHP�W�| d6Y_ILD�GLV N#�MKMO;[;D�|XY��@GLOS°�Y�D�¢;E%O@N#D�N+ILVXFH| | c�°ZV ILT�ILT#D
Ned#Kk�%D�G�OHP�ILV KMD�YJD�GLV D/Y�FHN6[�FkT#D�d#GLVXY_ILVXWlYJD/FHG^W^T�VXY�N#D�D/[;D/[
ILO�KUFH´@DkILT#DMKMD�ILT#O;[RP�D/F@YJV �#| D@����T#DUYJO@| d;ILV O@N¦°�DU[;D�b@D�| �
O@E%D/[¦d6YJD/Y�F�KMD/F@YJd#GLD�OHP�YJV KMV |XFHGLV I_c�ILO][;GLV b@DkILT#D�YJD/FHG^W^T
E#GLO;W�D/YLY!V N�F�YJd#�6YJE6F@W�D�OHPzFH| |
E%O+YLYJV �#| DMW�| d6Y_ILD�G^Y���f�N¦V K��
E%O@GJI^FHN+I�P�D/FSILd#GLD�OHP1ILT#VXYZT#D�d#GLVXY_ILVXW�YJD/FHG^W^T�VXY�ILOUE#GLOSbeVX[;D�F
Y_ILO@E#E#V N#��GLd#| D@`uYJOUILT6FSI�W�| d6Y_ILD�GLV N#��W�FHN]�%D�[;O@N#Dk°ZV ILT#O@d;I
F@YLYJd#KMV N#�UF�E#GLD/YJD�IZNed#Kk�%D�GZOHP�W�| d6Y_ILD�G^Y��
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7�D�I98;:=<�>@?)A@BC>@?)A%DFE�B%G%G%G�BC>�HIB%G%G%GC>�J�K��%DqF�Y_I^FSILV O@N6FHGLc
ILV KMD�YJD�GLV D/Y�OHP
W�O@N+ILV Ned#O@d6Y�bSFH| d#D/Y�����T#D�YJD�GLV D/Y�P�O@| | OS°�Y�FHN
5Bs
ù ÿuûzKMO;[;D�|�`e°ZV ILT�KMD/FHN�g#`eV PBILT#DlbSFH| d#DlOHP�ILT#DlILV KMD�YJD��
GLV D/Y�FSI
ILV KMDML1VXY�Fl| V N#D/FHG1P�d#N6W¹ILV O@NMOHP6ILT#DZbSFH| d#D/Y
O@�6YJD�GLb@D/[
V N�ILT#D�E#GLD�beV O@d6Y1ÿRY_ILD�E6Y���Q]O@GLD!P�O@GLKUFH| | cuø
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°ZT#D�GLDYPOE�B%G%G%G�BCP@AkFHGLD!FHd;ILO@GLD��@GLD/YLYJV b@DZW�OeD�Z�W�V D�N+I^Y�`eFHN6[ W H
VXYBILT#D�D�GLGLO@G/`/ILT6FSI
°�D�F@YLYJd#KMDzN#O@GLKUFH| | c�[;VXY_ILGLV �#d;ILD/[=`H°ZV ILT
D�¢;E%D/W¹ILD/[]bSFH| d#D\[�ù W HJûM: g#`%FHN6[]bSFHGLVXFHN6W�D\]�ù W H_û^:�_O`a:

b ?/E `zP�O@G�FHNeccL¹� ��T#D�bSFH| d#DMÿ�VXY�ILT#D]O@G^[;D�GMOHP!ILT#DRFHd;�
ILO@GLD��@GLD/YLYJV O@N�`�FHN6[ YJE%D/W�V µ6D/YUILT6FSId>�HMVXY�V N6[;D�E%D�N6[;D�N+I�OHP
ù�>@?)A@B%G%G%G%BC>�H�?)A�?/E�û¹`#�@V b@D�N�ù�>�H�?)A@B%G%G%G%BC>�H�?/E¹û¹�
��T#D�ILV KMD�YJD�GLV D/YZVXY!Y_I^FSILV O@N6FHGLc�V P�V IlVXY�V NebSFHGLVXFHN+I��ec�ILD�K��
E%O@G^FH|1ILG^FHN6YJ|XFSILV O@N�ø!V P�°�DMO@�6YJD�GLb@D�ILT#DUYJD�GLV D/YlV N�F�[;V ¿uD�GJ�
D�N+I�ILV KMD�V N+ILD�GLbSFH|�`;°�DlD�¢;E%D/W¹I�ILOUYJD�D!ILT#D�YLFHKMDlD�b@O@| d;ILV O@N
FH�%O@d;I�ILT#D�E#GLO;W�D/YLY�KMD/FHN�`;D�¢#W�D�E;I�P�O@G�YLFHKME#| V N#�MbSFHGLVXFH�#V | �
V I_c@����T#D�GLD�FHGLD�YJD�b@D�G^FH|!KMD�ILT#O;[#Y�ILO�W^T#D/W^´�°ZT#D�ILT#D�G�F
YJD�GLV D/Y�VXYzY_I^FSILV O@N6FHGLc@�1��FHGJILVXW�d#|XFHGL| c@`8ILT#D!GLOeOHI^Y
OHPuILT#D!E%O@| c+�
N#O@KMVXFH|�e
ù�f=ûg:�i�hji ARTS E P R f R Kkd6Y_I�T6F8b@D�KMO;[;d#| V@�@GLD/FSILD�GILT6FHN�d#N#V I_c@�k�¥PZYJO@KMD�OHP�ILT#DUGLOeOHI^Y!T6F8b@D�KMO;[;d#| V�YJKUFH| | D�G
ILT6FHN�d#N#V I_c@`+ILT#DlE#GLO;W�D/YLYzVXY�N#O@N;��Y_I^FSILV O@N6FHGLck�#d;I�I_ceE#VXW�FH| | c
YJO@KMDRILG^FHN6Y_P�O@GLKUFSILV O@N�OHP�ILT#D�bSFHGLVXFH�#| D/Y�VXY�YJd@Z�W�V D�N+I�ILO
ILG^FHN6Y_P�O@GLK FRN#O@N;��Y_I^FSILV O@N6FHGLc¦E#GLO;W�D/YLYkV N+ILO�F�Y_I^FSILV O@N6FHGLc
O@N#DUù&��O8¢�� �@D�N#´eV N6Y�`=i/²e³��+û¹�
��T#D�KMO;[;D�|�[;D/YLW�GLV �%D/[q�eclkz +d6FSILV O@N ù_i8û�GLD�E#GLD/YJD�N+I^Y�ILT#D
[;D�beVXFSILV O@N]OHP
ILT#DkE#GLO;W�D/YLY�P�GLO@K V I^Y!KMD/FHN����BO��@D�N#D�G^FH| V ½�D
ILT#D�KMO;[;D�|�ILO]V N6W�| d6[;D�F]N#O@N;�¥½�D�GLO�KMD/FHNlm�P�O@G�D/F@W^Tl>�H^`
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Observed yield: plots 17, 18

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

0 10 20 30 40 50 60 70

Observed yield: plots 3, 5
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ILT#D�YLFHKMD¦[;ceN6FHKMVXW�Y��h¯#d#GJILT#D�G�V N;P�O@GLKUFSILV O@N FH�%O@d;I�ILT#D
ILGLD/FSILKMD�N+I^Y�OHPuILT#DkiS³!E#| OHI^Y�FHN6[�ILT#D�V GzE%O+YJV ILV O@N6Y�W�FHNUT#D�| E
ILOUD�bSFH| d6FSILDlILT#D�W�| d6Y_ILD�G^Y�P�O@d#N6[��ecUILT#DkFH| �@O@GLV ILT#K���¯1V G^Y_I
OHP�FH| |!°�D]N#OHILVXW�D�ILT6FSI�E#| OHI^Y�jqFHN6[��qFHGLD]F@[8¾JF@W�D�N+I/`ZF@Y
°�D�| |�F@Y�ILT#D�E#| OHI^Y�iS³�FHN6[�i/±#����Nq�%OHILT(W�F@YJD/Y�`�ILT#D�ILV KMD
YJD�GLV D/Y�FHGLDMF@YLYJV �@N#D/[]ILO�ILT#DUYLFHKMDUW�| d6Y_ILD�G/�M��| OHI^Y�iS³�FHN6[
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P&F@W¹IkILT6FSIkILT#D�ILV KMD�YJD�GLV D/Y�OHPZILT#D��@G^FHV N�ceV D�|X[qE#GLO;[;d6W�D/[
�ec�ILT#D/YJD�I_°�OUE#| OHI^YlFHGLD�F@YLYJV �@N#D/[�ILOUILT#D�YLFHKMDkW�| d6Y_ILD�G!VXY
W�O@N6YJVXY_ILD�N+I�°ZV ILTRILT#DUYJV KMV |XFHG!ILGLD/FSILKMD�N+I�GLD/W�D�V b@D/[]�ec�ILT#D
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V Nq[;V ¿uD�GLD�N+IkE#GLO@E%O@GJILV O@N6Y��U��T#DUceV D�|X[�OHP�E#| OHI��H��VXY�FH|XYJO
KMD�GL�@D/[kV NMILT#D!YLFHKMDZW�| d6Y_ILD�G/`HILT#VXY�E#| OHI�VXY
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VXYMb@D�GLc(YJV KMV |XFHGMILO�ILT6FSI�OHP!ILT#D]OHILT#D�G^YMF@YLYJV �@N#D/[qILO�ILT#D
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P�O@d#N6[�°�D�GLDZILT#D�YLFHKMD@`eYJO�ILT6FSI�ILT#D!P&F@W¹IzILT6FSI�V N�ILT#DlO@GLV �H�
V N6FH|ZW�| d6Y_ILD�G^YkILT#D�I_°�O�YJD�GLV D/YkP�O@GME#| OHI^Y�iS³]FHN6[£i/±R°�D�GLD
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