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h2ti aR, GBM2�` KBt2/ KQ/2Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k
GBM2�` JBt2/ JQ/2H UGJJV `2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j

h�#H2 aR, GJJ K�`;BM�H K2�Mb 7Q` 2M+HQbm`2 T2`BQ/ ငR9*@*Pk X X X X X X X X X X X X X X X X j
h�#H2 ak, GJJ K�`;BM�H K2�Mb 7Q` +QMi`QH �M/ i`2�iK2Mi ငR9*@*Pk UkM/ 2M+HQbm`2 T2`BQ/

QMHvV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j
h�#H2 aj, amKK�`v Q7 biQ`�;2 /m`�iBQM GJJ rBi? P�F _B/;2 b�KTH2b X X X X X X X X X X X X X 9
h�#H2 a9, amKK�`v Q7 biQ`�;2 /m`�iBQM GJJ rBi?Qmi P�F _B/;2 b�KTH2b X X X X X X X X X X X 9
h2ti ak, *QKT�`BM; /Bz2`2M+2b BM ငR9*@*Pk �+`Qbb +QMi`QH �M/ i`2�iK2Mi b�KTH2b 7Q` i?2

>�BMB+?@.ɃM iBK2 b2`B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8
6B;m`2 aR, N8W +QM}/2M+2 BMi2`p�Hb 7Q` GJJ +QMi`�bib Q7 >�BMB+?@.ɃM 7Q`2bi iBK2 b2`B2b /�i� e
6B;m`2 ak, N8W +QM}/2M+2 BMi2`p�Hb 7Q` GJJ +QMi`�bib Q7 >�BMB+?@.ɃM 7Q`2bi iBK2 b2`B2b X X X d
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6B;m`2 aj, _2bTB`�iBQM `�i2b 7Q` 1tT2`BK2Mi R �M/ 1tT2`BK2Mi k U`2r2iiBM; TmHb2 `2bTB`�iBQM
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6B;X ae hBK2 b2`B2b Q7 +QMi`QH �M/ i`2�iK2Mi ᅮRj*@*Pk U1tT2`BK2Mib R �M/ kV X X X X X X X X RR
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6B;X ad *?�M;2 BM ငR9*@*Pk BM `2H�iBQM iQ +mKmH�iBp2 bQBH +�`#QM `2bTB`2/ X X X X X X X X X X Rk
h2ti aj, *?�M;2 BM b2+QM/ 2M+HQbm`2 T2`BQ/ ငR9*@*Pk �b � 7mM+iBQM Q7 }2H/@KQBbim`2 +QMi2Mi Rj
6B;X a3 *?�M;2 BM ငR9*@*Pk `2H�iBp2 iQ i?2 +?�M;2 BM KQBbim`2 +QMi2Mi U+QMi`QH @ i`2�iK2MiV R9

aBi2 /�i�- bQBH T`QT2`iB2b- �M/ bmTTQ`iBM; `272`2M+2b 7Q` �HH b�KTH2b U1tT2`BK2Mib R- k- �M/ jV X X X R8
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_272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

amTTH2K2Mi�H K2i?Q/b

h2ti aR, GBM2�` KBt2/ KQ/2Hb

q2 +QKT�`2/ i?2 `2bmHib Q7 i?2 T�B`2/ K2�M /Bz2`2M+2 �M�HvbBb �TT`Q�+? /Bb+mbb2/ BM i?2 K�BM i2ti rBi?
� HBM2�` KBt2/ KQ/2HBM; 7`�K2rQ`FX 6Q` i?2 }`bi b2i Q7 KQ/2Hb r2 b2i ငR9*@*Pk Q#b2`p2/ BM i?2 b2+QM/
2M+HQbm`2 T2`BQ/ �b i?2 `2bTQMb2 p�`B�#H2- �M/ mb2/ b�KTH2 A. �b � `�M/QK BMi2`+2Ti i2`K iQ �++QmMi 7Q` i?2
BK#�H�M+2 BM i?2 MmK#2` Q7 H�#Q`�iQ`v `2THB+�i2b �M�Hvx2/ 7Q` +QMi`QH p2`bmb i`2�iK2Mi BM+m#�iBQMbX 6Q` }t2/
2z2+ib- r2 �bb2bb2/ i?2 BMi2`�+iBQM Q7 2+Qbvbi2K ivT2 rBi? i`2�iK2Mi- �b r2HH �b i?2 i?`22@r�v BMi2`�+iBQM
Q7 i`2�K2Mi- 2+Qbvbi2K ivT2- �M/ 2tT2`BK2Mi 7Q` i?2 +QK#BM2 /�i�b2i Q7 1tT2`BK2Mi R �M/ 1tT2`BK2Mi k
b�KTH2b U1[X aRVX q2 2p�Hm�i2/ i?2 bB;MB}+�M+2 Q7 i?2 i`2�iK2Mi 2z2+i #v HQQFBM; �i i?2 +QMi`�bib #2ir22M
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2M+HQbm`2 T2`BQ/bX 6Q` i?2b2 KQ/2Hb r2 2ti2M/2/ Qm` BMBiB�H KQ/2H #v �//BM; 2M+HQbm`2 T2`BQ/ �b �M �//BiBQM�H
/2T2M/2Mi p�`B�#H2X h?2b2 KQ/2Hb r2`2 `2bi`B+i2/ iQ i?2 2tT2`BK2Mib �M/ i`2�iK2Mib r?2`2 r2 K2�bm`2/
i?2 `2bTQMb2 p�`B�#H2 BM #Qi? 2M+HQbm`2 T2`BQ/b U1tT2`BK2Mi R i`2�iK2Mi b�KTH2b- �M/ �HH 1tT2`BK2Mi k
b�KTH2bVX q2 HQQF2/ �i i?2 Qp2`�HH bB;MB}+�M+2 Q7 i?2 T�`2K2i2` 2biBK�i2b �b r2HH �b i?2 +QMi`�bib 7`QK i?Bb
KQ/2H #v 2�+? 2tT2`BK2Mi- i`2�iK2Mi- �M/ 2+Qbvbi2K ivT2X
q2 i2bi2/ i?2 2z2+i Q7 biQ`�;2 /m`�iBQM QM Q#b2`p2/ ငR9*@*Pk mbBM; � +QK#BM2/ /�i�b2i Q7 1tT2`BK2Mib R
�M/ 1tT2`BK2Mi j b�KTH2bX q2 mb2/ ငR9*@*Pk Q#b2`p2/ BM i?2 b2+QM/ 2M+HQbm`2 T2`BQ/ 7Q` �HH b�KTH2b 2t+2Ti
i?2 1tT2`BK2Mi j i`2�iK2Mi b�KTH2b 7Q` r?B+? QMHv � bBM;H2 2M+HQbm`2 T2`BQ/ r�b Q#b2`p2/X q2 +QMbi`m+i2/
� HBM2�` KBt2/ KQ/2H rBi? biQ`�;2 /m`�iBQM- i`2�iK2Mi- �M/ i?2 BMi2`�+iBQM Q7 i?2b2 irQ p�`B�#H2b �b }t2/
2z2+ibX �b rBi? i?2 T`2pBQmb KQ/2Hb r2 �HHQr2/ 7Q` � `�M/QK BMi2`+2Ti i2`K 7Q` 2�+? b�KTH2X q2 /B/ MQi
BM+Hm/2 2+Qbvbi2K ivT2 BM i?Bb KQ/2H �b �HH Q7 i?2 ;`�bbH�M/ b�KTH2b r2`2 +QHH2+i2/ �i i?2 b�K2 TQBMi BM
iBK2X q2 �HbQ 2t+Hm/2/ i?2 2z2+i Q7 2tT2`BK2Mi- bBM+2 i?Bb +QmH/ H2�/ iQ � bTm`BQmb `2H�iBQMb?BT /m2 iQ i?2
+?�M;2 BM ငR9* Q7 �iKQbT?2`B+ *Pk Qp2` iBK2 �M/ i?2 7�+i i?�i b�KTH2b r2`2 +QHH2+i2/ �M/ �M�Hvbx2/ �i
/Bz2`2Mi iBK2bX h?Bb KQ/2H r�b `mM }`bi rBi? �M/ i?2M rBi?Qmi i?2 P�F _B/;2 b�KTH2b- �b r2 +QMbB/2`2/
i?2b2 b�KTH2b iQ #2 � b2T�`�i2 TQTmH�iBQM �b i?2v +QMi�BM R9* 7`QK � H�#2HHBM; 2tT2`BK2Mi BM �//BiBQM iQ
�iKQbT?2`B+ R9*X
�HH bi�iBbiB+�H �M�Hvb2b r2`2 T2`7Q`K2/ BM _ U_ *Q`2 h2�K kyRNVX q2 mb2/ i?2 T�+F�;2 HK29 U"�i2b 2i �HX
kyR8V iQ T2`7Q`K i?2 KBt2/ KQ/2HBM;- �M/ 7Q` +QMi`�bi �M�HvbBb r2 mb2/ i?2 T�+F�;2 2KK2�Mb UG2Mi? kykRVX
q?2M T2`7Q`KBM; bi�iBbiB+�H i2bib r2 2KTHQv2/ hmF2vǶb ?QM2biHv bB;MB}+�Mi /Bz2`2M+2 i2bi iQ �++QmMi 7Q`
KmHiBTH2 +QKT�`BbQMb �M/ i?2 E2Mr�`/@_Q;2` K2i?Q/ 7Q` 2biBK�iBM; /2;`22b Q7 7`22/QK- r?B+? ?�b b?QrM
iQ T2`7Q`K r2HH 7Q` bK�HH b�KTH2 bBx2b UE2Mr�`/ �M/ _Q;2` RNNdVX

k



GBM2�` JBt2/ JQ/2H UGJJV `2bmHib

h�#H2 aR, GJJ K�`;BM�H K2�Mb 7Q` 2M+HQbm`2 T2`BQ/ ငR9*@*Pk

1M+HQbm`2 T2`BQ/ �R9*
JBt2/ KQ/2H K2�Mb �M/ N8W *Ab

S2`BQ/ h`2�iK2Mi 1tT2`BK2Mi hvT2 K2�M a1 /7 HQr2`X*G mTT2`X*G
kM/ +QMi`QH R 7Q`2bi ���� ��� ���� ���� �����
kM/ i`2�iK2Mi R 7Q`2bi ���� ��� ���� ���� ����
Rbi i`2�iK2Mi R 7Q`2bi ���� ��� ���� ���� �����
kM/ +QMi`QH k 7Q`2bi ���� ��� ���� ���� ����
Rbi +QMi`QH k 7Q`2bi ���� ��� ���� ��� ����
kM/ i`2�iK2Mi k 7Q`2bi ���� ��� ���� ���� ����
Rbi i`2�iK2Mi k 7Q`2bi ���� ��� ���� ���� ����
kM/ +QMi`QH R ;`�bbH�M/ ���� ��� ���� ���� ����
kM/ i`2�iK2Mi R ;`�bbH�M/ ���� ��� ���� ���� ����
Rbi i`2�iK2Mi R ;`�bbH�M/ ���� ��� ���� ���� ����
kM/ +QMi`QH k ;`�bbH�M/ ���� ��� ���� ��� ����
Rbi +QMi`QH k ;`�bbH�M/ ���� ��� ���� ਷��� ����
kM/ i`2�iK2Mi k ;`�bbH�M/ ���� ��� ���� ���� ����
Rbi i`2�iK2Mi k ;`�bbH�M/ ���� ��� ���� ���� ����

h�#H2 ak, GJJ K�`;BM�H K2�Mb 7Q` +QMi`QH �M/ i`2�iK2Mi ငR9*@*Pk UkM/ 2M+HQbm`2 T2`BQ/
QMHvV

�R9* Q7 +QMi`QH �M/ i`2�iK2Mi b�KTH2b U1tT2`BK2Mib R � kV
JBt2/ KQ/2H K2�Mb �M/ N8W *Ab

h`2�iK2Mi 1tT2`BK2Mi hvT2 K2�M a1 /7 HQr2`X*G mTT2`X*G
+QMi`QH R 7Q`2bi ���� ��� ���� ���� �����

i`2�iK2Mi R 7Q`2bi ���� ��� ���� ���� ����
+QMi`QH k 7Q`2bi ���� ��� ���� ���� ����

i`2�iK2Mi k 7Q`2bi ���� ��� ���� ���� ����
+QMi`QH R ;`�bbH�M/ ���� ��� ���� ���� ����

i`2�iK2Mi R ;`�bbH�M/ ���� ��� ���� ���� ����
+QMi`QH k ;`�bbH�M/ ���� ��� ���� ��� ����

i`2�iK2Mi k ;`�bbH�M/ ���� ��� ���� ���� ����

j



h�#H2 aj, amKK�`v Q7 biQ`�;2 /m`�iBQM GJJ rBi? P�F _B/;2 b�KTH2b

OO 02Ki`2M/b
OO i`2�iX#B /m`Xi`2M/ a1 /7 HQr2`X*G mTT2`X*G
OO +QMi`QH RkXR3 9X9e 99Xd jXky8 kRXk
OO i`2�iK2Mi 3X9e 9X93 98X3 @yX8eN RdX8
OO
OO .2;`22b@Q7@7`22/QK K2i?Q/, F2Mr�`/@`Q;2`
OO *QM7B/2M+2 H2p2H mb2/, yXN8
OO
OO 0+QMi`�bib
OO +QMi`�bi 2biBK�i2 a1 /7 iX`�iBQ TXp�Hm2
OO +QMi`QH @ i`2�iK2Mi jXdj RXjR eRX9 kX388 yXyy8N
OO
OO .2;`22b@Q7@7`22/QK K2i?Q/, F2Mr�`/@`Q;2`

h�#H2 a9, amKK�`v Q7 biQ`�;2 /m`�iBQM GJJ rBi?Qmi P�F _B/;2 b�KTH2b

OO 02Ki`2M/b
OO i`2�iX#B /m`Xi`2M/ a1 /7 HQr2`X*G mTT2`X*G
OO +QMi`QH 3X8N 9Xej jeXN @yXd3e R3Xy
OO i`2�iK2Mi 8XeR 9X89 j9X9 @jXey8 R9X3
OO
OO .2;`22b@Q7@7`22/QK K2i?Q/, F2Mr�`/@`Q;2`
OO *QM7B/2M+2 H2p2H mb2/, yXN8
OO
OO 0+QMi`�bib
OO +QMi`�bi 2biBK�i2 a1 /7 iX`�iBQ TXp�Hm2
OO +QMi`QH @ i`2�iK2Mi kXN3 jXN 99X8 yXde8 yX9938
OO
OO .2;`22b@Q7@7`22/QK K2i?Q/, F2Mr�`/@`Q;2`
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h2ti ak, *QKT�`BM; /Bz2`2M+2b BM ငR9*@*Pk �+`Qbb +QMi`QH �M/ i`2�iK2Mi b�KTH2b 7Q` i?2
>�BMB+?@.ɃM iBK2 b2`B2b

*QMi`�bi �M�HvbBb Q7 i?2 GJJ QmiTmi b?Qrb i?�i +QMi`QH@i`2�iK2Mi /Bz2`2M+2b �`2 MQi bB;MB}+�Mi 7Q` i?2
7Q`2bi b�KTH2b- #mi �`2 bB;MB}+�Mi 7Q` i?2 ;`�bbH�M/ b�KTH2b BM #Qi? 1tT2`BK2Mi R �M/ 1tT2`BK2Mi k U}`bi
irQ +QHmKMb Q7 6B;X aRVX q?BH2 i?2 `2bmHib �`2 bBKBH�` iQ i?2 T�B`2/ /Bz2`2M+2 �TT`Q�+? mb2/ BM i?2 K�BM
i2ti- i?2 T�B`2/ /Bz2`2M+2 �TT`Q�+? 7QmM/ #Qi? 7Q`2bi �M/ ;`�bbH�M/ /Bz2`2M+2b iQ #2 bB;MB}+�MiX
*QKT�`BM; i?2 /Bz2`2M+2b Q#b2`p2/ Qp2` iBK2 r?2M b�KTH2b r2`2 i`2�i2/ i?2 b�K2 �i #Qi? iBK2TQBMib
U+QHmKMb ǳ�fi *iHǴ �M/ ǳ�fi h`iǴ- 6B;X aRV- r2 b22 bB;MB}+�Mi /Bz2`2M+2b 7Q` #Qi? i?2 b�KTH2b i?�i r2`2 M2p2`
�B`@/`B2/ Uǳ�fi *iHǴV �M/ i?2 b�KTH2b i?�i r2`2 �B`@/`B2/ �M/ `2r2i Uǳ�fi h`iǴVX "Qi? /Bz2`2M+2b �`2 TQbBiBp2-
BX2X ငR9*@*Pk /2+HBM2/ 7Q` #Qi? +QMi`QH �M/ i`2�iK2Mi b�KTH2b Qp2` i?2 T2`BQ/ kyRR iQ kyRNX >Qr2p2`- r2
b22 i?�i i?2 /Bz2`2M+2 Qp2` iBK2 �TT2�` bK�HH2` 7Q` i?2 7Q`2bi b�KTH2b r?2M +QKT�`BM; i?2 /Bz2`2M+2 #2ir22M
i?2 i`2�iK2Mi b�KTH2b UkeǨV iQ i?2 /Bz2`2M+2 #2ir22M i?2 +QMi`QH b�KTH2b U9NǨV- �Hi?Qm;? i?2 +QM}/2M+2
BMi2`p�Hb Qp2`H�T bm#bi�MiB�HHvX q2 #2HB2p2 i?Bb T`QpB/2b bmTTQ`i 7Q` `2HB�#BHBiv Q7 i?2 �`+?Bp2/ i2+?MB[m2
r?2M HQQFBM; �i +?�M;2b BM ငR9*@*Pk Qp2` iBK2 �+`Qbb b�KTH2b i?�i ?�p2 #22M �B`@/`B2/ �M/ `2r2ii2/X
6BM�HHv- r?2M +QKT�`BM; i`2�iK2Mi b�KTH2b i?�i ?�p2 M2p2` #22M �B`@/`B2/ U}M�H irQ +QHmKMb Q7 };m`2V-
i?2 2biBK�i2/ /Bz2`2M+2b �`2 bF2r2/ ?B;?2` Q` �`2 MQ HQM;2` bB;MB}+�MiX aT2+B}+�HHv- r2 7�BH iQ /2i2+i �
bB;MB}+�Mi +?�M;2 BM i?2 ;`�bbH�M/ ငR9*@*Pk Qp2` iBK2 r?2M +QKT�`BM; +QMi`QH b�KTH2b 7`QK kyRR iQ �B`@
/`B2/ �M/ `2r2i b�KTH2b 7`QK kyRN UT2MmHiBK�i2 +QHmKM- ǳ�fi 1tR *iH @ 1tk h`iǴVX GQQF2/ �i i?2 Qi?2`
r�v- BX2X i`2�iK2Mi ငR9*@*Pk 7`QK i?2 kyRR ;`�bbH�M/ b�KTH2b +QKT�`2/ iQ +QMi`QH ;`�bbH�M/ b�KTH2b BM
kyRN- i?2 /Bz2`2M+2 Bb bm#bi�MiB�HHv 2t�;;2`�i2/ UH�bi +QHmKMV, 83Ǩ pbX kdǨ U+iH@+iHV Q` j3Ǩ Ui`i@i`iVX h?2
/Bz2`2M+2 Bb �HbQ ;`2�i2` 7Q` 7Q`2bi b�KTH2b 7Q` #Qi? Q7 i?2b2 +`Qbb@i`2�iK2Mi +QKT�`BbQMbX h?2b2 /Bz2`2M+2b
BKTHv Bi Bb BKTQ`i�Mi iQ i`2�i i?2 bQBHb 7`QK �HH iBK2 TQBMib i?2 b�K2 BM `2;�`/b iQ �B`@/`vBM; �M/ `2r2iiBM;
r?2M +QMbi`m+iBM; � iBK2 b2`B2b mbBM; ငR9*@*Pk K2�bm`2/ QM �`+?Bp2/ bQBHb BM Q`/2` iQ KBMBKBx2 #B�bX
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amTTH2K2Mi�H `2bTB`�iBQM `�i2 `2bmHib
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�//BiBQM�H 7�+iQ`b BM~m2M+BM; i`2�iK2Mi 2z2+ib QM ငR9*@*Pk
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*�TiBQM, 1``Q` #�`b b?Qr KBMBKmK �M/ K�tBKmK p�Hm2b K2�bm`2/ 7Q` H�#Q`�iQ`v /mTHB+�i2b-
r?BH2 TQBMib b?Qr i?2 K2�MX GBM2b +QMM2+i K2�M T`2@BM+m#�iBQM �M/ b2+QM/ 2M+HQbm`2 T2`BQ/
Q#b2`p�iBQMb 7Q` � bBM;H2 b�KTH2X GBM2b T�`�HH2H iQ i?2 t@�tBb BM/B+�i2 � H�+F Q7 i`2M/ BM ငR9*@
*Pk rBi? i?2 �KQmMi Q7 +�`#QM `2bTB`2/- r?BH2 /Bz2`2M+2b #2ir22M QT2M �M/ }HH2/ bvK#QHb b?Qr
i?2 BKT�+i Q7 i`2�iK2Mib QM #Qi? i?2 �KQmMi Q7 +�`#QM `2bTB`2/ �M/ ငR9*@*PkX LQi2 i?�i T`2@
BM+m#�iBQM ငR9*@*Pk r�b MQi K2�bm`2/ 7Q` i?2 +QMi`QH@R b�KTH2b BM kyRRX SHQi HBKBib 2t+Hm/2
QmiHB2` TQBMi U>1qkk +QMi`QH@k- T`2@BM+m#�iBQMV 7Q` BKT`Qp2/ H2;B#BHBivX

Rk



h2ti aj, *?�M;2 BM b2+QM/ 2M+HQbm`2 T2`BQ/ ငR9*@*Pk �b � 7mM+iBQM Q7 }2H/@KQBbim`2 +QMi2Mi

.Bz2`2M+2b BM }2H/ KQBbim`2 +QMi2Mi Q7 b�KTH2b +QmH/ #2 `2H�i2/ iQ i?2 K�;MBim/2 Q7 i?2 b?B7i BM ငR9*@
*Pk Q#b2`p2/ #2ir22M +QMi`QH �M/ i`2�iK2Mi b�KTH2- �b +QMi`QH b�KTH2 }2H/ KQBbim`2 +QMi2Mi p�`B2/X �HH
i`2�iK2Mi b�KTH2b r2`2 �B`@/`B2/ BM i?2 H�#Q`�iQ`v T`BQ` iQ `2r2iiBM;, � +?�M;2 BM KQBbim`2 +QMi2Mi Q7 x2`Q
T2`+2Mi r�i2` ?QH/BM; +�T�+Biv UWq>*V iQ ey Wq>*X AM +QMi`�bi- KQBbim`2 �/DmbiK2Mi Q7 +QMi`QH b�KTH2b
r�b K�/2 7`QK }2H/ KQBbim`2- i?mb- 7Q` 2t�KTH2- +QMi`QH b�KTH2b rBi? HQr2` }2H/ KQBbim`2 +QMi2Mib `2+2Bp2/
� +Q``2bTQM/BM;Hv ;`2�i2` r�i2` �//BiBQM i?�M r2ii2` +QMi`QH b�KTH2bX
AM Q`/2` iQ +QMi`QH 7Q` i?2 p�`B�M+2 BM }2H/ KQBbim`2 +QMi2Mi Q7 +QMi`QH b�KTH2b- r2 HQQF2/ �i i?2 `2H�iBQMb?BT Q7
i?2 /Bz2`2M+2 BM i?2 b2+QM/ 2M+HQbm`2 T2`BQ/ ငR9*@*Pk Q#b2`p2/ #2ir22M +QMi`QH �M/ i`2�iK2Mi b�KTH2b �M/
i?2 +?�M;2 BM KQBbim`2 +QMi2Mi Q7 i?2 +QMi`QH b�KTH2bX A7 i?2 b?B7i BM ငR9*@*Pk Q#b2`p2/ BM `2bTQMb2 iQ i?2
�B`@/`vBM; �M/ `2r2iiBM; i`2�iK2Mi r2`2 � HBM2�` 7mM+iBQM Q7 i?2 +?�M;2 BM KQBbim`2 +QMi2Mi- i?2 /Bz2`2M+2b
#2ir22M +QMi`QH �M/ i`2�iK2Mi ငR9*@*Pk b?QmH/ #2 bK�HH2` 7Q` b�KTH2b rBi? HQr2` }2H/ KQBbim`2X >Qr2p2`-
r2 /B/ MQi Q#b2`p2 �Mv +QMbBbi2Mi `2H�iBQMb?BT #2ir22M i?2 /Bz2`2M+2 BM ငR9*@*Pk �M/ }2H/ KQBbim`2 U6B;X
a3VX
q2 Q#b2`p2/ i?2 bi`QM;2bi i`2M/ BM i?2 1tT2`BK2Mi k ;`�bbH�M/ b�KTH2b- #mi i?2 i`2M/ r�b QTTQbBi2 iQ r?�i
r2 2tT2+i2/, /Bz2`2M+2b BM ငR9*@*Pk #2ir22M i`2�iK2Mi b�KTH2b �M/ +QMi`QH b�KTH2b r2`2 ;`2�i2` 7Q` /`B2`
b�KTH2b i?�M r2ii2` b�KTH2b U6B;X a3VX 1tT2`BK2Mi k 7Q`2bi b�KTH2b b?Qr2/ i?2 2tT2+i2/ i`2M/- #mi Bi
/B/ MQi �TT2�` iQ #2 HBM2�` U6B;X a3VX :Bp2M i?2 `2H�iBp2Hv HQr b�KTH2 MmK#2` r?2M +QMbB/2`2/ rBi?BM
i`2�iK2Mi �M/ 2+Qbvbi2K ;`QmTb U1tT2`BK2Mi R M 4 e- 1tT2`BK2Mi k M 4 jV- r2 /Q MQi +QMbB/2` i?2b2
i`2M/b iQ #2 bB;MB}+�Mi- #mi i?2 /�i� 7`QK 1tT2`BK2Mi k bm;;2bi i?�i i?2 `2H�iBQMb?BT #2ir22M i?2 +?�M;2
BM ငR9*@*Pk �M/ i?2 K�;MBim/2 Q7 `2r2iiBM; r�``2Mib 7m`i?2` bim/vX
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Experiment
Collection	

date

Treatment	
incubation	

date

Control	
incubation	
laboratory

Treatment	
incubation	
laboratory

Control	
AMS	
facility

Treatment	
AMS	
facility Latitude Longitude Region Site Ecosystem ID

Incubation	
replicates Soil	order Sieved Top Bottom

Field	
moisture Organic	C Total	N Sand Silt Clay Reference

year WRB	name <	2mm gravimetric gravimetric

%	water	
holding	
capacity g	kg-1 g	kg-1 g	kg-1 g	kg-1 g	kg-1

1 2011 2018 MPI-BGC MPI-BGC P P 53.09 13.63 Central	Germany Schorfheide-Chorin forest SEW11 2 Cambisol Yes 0 10 0.26 0.26 60 31.3 1.3 884 85 31 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 52.90 13.85 Central	Germany Schorfheide-Chorin forest SEW34 2 Albeluvisol Yes 0 10 0.24 0.24 60 16.4 0.7 889 69 42 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 52.90 13.93 Central	Germany Schorfheide-Chorin forest SEW43 2 Cambisol Yes 0 10 0.30 0.30 60 18.4 1.1 810 121 69 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 53.12 13.68 Central	Germany Schorfheide-Chorin grassland SEG38 2 Cambisol Yes 0 10 0.25 0.27 60 22.8 2.2 838 72 89 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 53.12 13.84 Central	Germany Schorfheide-Chorin grassland SEG40 2 Luvisol Yes 0 10 0.26 0.27 60 21.3 2.0 710 192 98 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 52.98 13.83 Central	Germany Schorfheide-Chorin grassland SEG46 2 Cambisol Yes 0 10 0.31 0.34 60 24.3 2.3 644 210 146 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 51.34 10.36 Central	Germany Hainich-Dün forest HEW22 2 Luvisol Yes 0 10 0.38 0.37 60 23.3 1.7 68 747 184 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 51.11 10.45 Central	Germany Hainich-Dün forest HEW41 2 Luvisol Yes 0 10 0.40 0.42 60 23.4 1.9 34 754 210 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 51.10 10.46 Central	Germany Hainich-Dün forest HEW42 2 Stagnosol Yes 0 10 0.34 0.36 60 24.3 1.7 60 760 184 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 51.28 10.45 Central	Germany Hainich-Dün grassland HEG10 2 Vertisol Yes 0 10 0.47 0.61 60 43.7 4.0 30 532 436 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 51.08 10.57 Central	Germany Hainich-Dün grassland HEG32 2 Cambisol Yes 0 10 0.52 0.54 60 40.0 3.8 17 640 340 Solly	et	al.	2014
1 2011 2018 MPI-BGC MPI-BGC P P 51.29 10.38 Central	Germany Hainich-Dün grassland HEG48 2 Cambisol Yes 0 10 0.55 0.56 60 41.6 4.0 50 488 465 Solly	et	al.	2014
2 2019 2019 MPI-BGC MPI-BGC P P 51.34 10.36 Central	Germany Hainich-Dün forest HEW22 2 Luvisol Yes 0 10 0.38 0.37 60 23.3 1.7 68 747 184 Solly	et	al.	2014
2 2019 2019 MPI-BGC MPI-BGC P P 51.11 10.45 Central	Germany Hainich-Dün forest HEW41 2 Luvisol Yes 0 10 0.40 0.42 60 23.4 1.9 34 754 210 Solly	et	al.	2014
2 2019 2019 MPI-BGC MPI-BGC P P 51.10 10.46 Central	Germany Hainich-Dün forest HEW42 2 Stagnosol Yes 0 10 0.34 0.36 60 24.3 1.7 60 760 184 Solly	et	al.	2014
2 2019 2019 MPI-BGC MPI-BGC P P 51.28 10.45 Central	Germany Hainich-Dün grassland HEG10 2 Vertisol Yes 0 10 0.23 0.22 60 43.7 4.0 30 532 436 Solly	et	al.	2014
2 2019 2019 MPI-BGC MPI-BGC P P 51.08 10.57 Central	Germany Hainich-Dün grassland HEG32 2 Cambisol Yes 0 10 0.17 0.23 60 40.0 3.8 17 640 340 Solly	et	al.	2014
2 2019 2019 MPI-BGC MPI-BGC P P 51.29 10.38 Central	Germany Hainich-Dün grassland HEG48 2 Cambisol Yes 0 10 0.19 0.22 60 41.6 4.0 50 488 465 Solly	et	al.	2014
3 2011 2018 MPI-BGC MPI-BGC P P 51.34 10.51 Central	Germany Hainich-Dün forest HEW26 2 Luvisol Yes 0 10 0.34 0.36 60 24.4 1.6 54 796 150 Solly	et	al.	2014
3 2011 2018 MPI-BGC MPI-BGC P P 51.18 10.38 Central	Germany Hainich-Dün forest HEW47 2 Stagnosol Yes 0 10 0.43 0.45 60 32.5 2.4 46 632 323 Solly	et	al.	2014
3 2011 2018 MPI-BGC MPI-BGC P P 51.22 10.37 Central	Germany Hainich-Dün grassland HEG20 3 Stagnosol Yes 0 10 0.47 0.45 60 27.2 2.3 102 661 239 Solly	et	al.	2014
3 2011 2018 MPI-BGC MPI-BGC P P 51.11 10.43 Central	Germany Hainich-Dün grassland HEG33 3 Cambisol Yes 0 10 0.47 0.47 60 40.1 3.8 29 618 353 Solly	et	al.	2014
3 2011 2018 MPI-BGC MPI-BGC P P 51.21 10.39 Central	Germany Hainich-Dün grassland HEG6 3 Stagnosol Yes 0 10 0.41 0.45 60 20.8 2.0 45 698 257 Solly	et	al.	2014
3 2008 2018 UCI UCI UCI P 35.98 -79.09 Duke	FACE Duke	FACE	control forest 120 1 Ultic	Alfisol Yes 5 15 0.95 0.95 16.6 0.8 Hopkins	et	al.	2012
3 1999 2009 UCI UCI UCI UCI 42.54 -72.18 Harvard	Forest Harvard	Forest forest NWN-1	Ap	(bag) 1 Inceptisol Yes 0 16 60.0 Gaudinski	et	al.	2001
3 1999 2009 UCI UCI UCI UCI 42.54 -72.18 Harvard	Forest Harvard	Forest forest NWN-1	Ap	#27 1 Inceptisol Yes 0 16 60.0 Gaudinski	et	al.	2001
3 1999 2009 UCI UCI UCI UCI 42.54 -72.18 Harvard	Forest Harvard	Forest forest NWN-2	Ap	#34 1 Inceptisol Yes 0 16 60.0 Gaudinski	et	al.	2001
3 1999 2009 UCI UCI UCI UCI 42.54 -72.18 Harvard	Forest Harvard	Forest forest NWN-1	Ap	#44 1 Inceptisol Yes 0 16 60.0 Gaudinski	et	al.	2001
3 2004 2018 UCI UCI UCI P 35.94 -84.33 Oak	Ridge TVA forest TVA	6E	C 1 Inceptisol No 0 5 0.28 0.28 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.94 -84.33 Oak	Ridge TVA forest TVA	2B	C 1 Inceptisol No 0 5 0.30 0.30 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.94 -84.33 Oak	Ridge TVA forest TVA	3B	C 1 Inceptisol No 0 5 0.49 0.49 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.94 -84.33 Oak	Ridge TVA forest TVA	5B	C 1 Inceptisol No 0 5 0.26 0.26 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.97 -84.27 Oak	Ridge Walker	Branch forest WB	4B	C 1 Ultisol No 0 5 0.34 0.34 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.97 -84.27 Oak	Ridge Walker	Branch forest WB	5B	C 1 Ultisol No 0 5 0.25 0.25 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.97 -84.27 Oak	Ridge Walker	Branch forest WB	8B	C 1 Ultisol No 0 5 0.34 0.34 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.97 -84.27 Oak	Ridge Walker	Branch forest WB	3E	C 1 Ultisol No 0 5 0.36 0.36 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.97 -84.27 Oak	Ridge Walker	Branch forest WB	7E	C 1 Ultisol No 0 5 0.18 0.18 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.94 -84.33 Oak	Ridge TVA forest TVA	4E 1 Inceptisol No 0 5 0.26 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.94 -84.33 Oak	Ridge TVA forest TVA	6E 1 Inceptisol No 0 5 0.30 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2018 UCI UCI UCI P 35.94 -84.33 Oak	Ridge TVA forest TVA	8E 1 Inceptisol No 0 5 0.22 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2009 UCI USGS	Menlo	Park UCI UCI 35.94 -84.33 Oak	Ridge TVA forest TVA2B-C_iT2 1 Inceptisol No 0 5 0.30 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2009 UCI USGS	Menlo	Park UCI UCI 35.94 -84.33 Oak	Ridge TVA forest TVA3-C_iT1 1 Inceptisol No 0 5 0.49 24.9 1.2 Cisneros-Dozal	et	al.	2005
3 2004 2009 UCI USGS	Menlo	Park UCI UCI 35.97 -84.27 Oak	Ridge Walker	Branch forest WB4B-C_iT2 1 Ultisol No 0 5 0.34 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2004 2009 UCI USGS	Menlo	Park UCI UCI 35.97 -84.27 Oak	Ridge Walker	Branch forest WB5-C_iT2 1 Ultisol No 0 5 0.25 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2004 2009 UCI USGS	Menlo	Park UCI UCI 35.97 -84.27 Oak	Ridge Walker	Branch forest WB8-C_iT2 1 Ultisol No 0 5 0.34 24.9 1.0 Cisneros-Dozal	et	al.	2005
3 2009 2018 UCI UCI UCI P 37.03 -119.27 Sierra	Nevada Musick forest MA 3 Ultic	Haploxeralf Yes 5 20 0.07 0.33 50 27.4 1.0 600 270 150 Koarashi	et	al.	2012
3 2009 2018 UCI UCI UCI P 37.03 -119.19 Sierra	Nevada Shaver forest SA 3 Pachic	Xerumbrept Yes 5 20 0.07 0.31 50 29.4 1.2 800 150 50 Koarashi	et	al.	2012
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