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5REHUWR 6RDUHV &DVWUR4 5{PXOR &HUTXHLUD /HLWH5 (GLVLR 2OLYHLUD GH $]HYHGR6
0DXUtFLR 5HVHQGH7 $XURUD 0DULD *XLPDUmHV *RXYHLD5

43URIHVVRU $GMXQWR/ 'U1/ 8QLYHUVLGDGH )HGHUDO 5XUDO GH 3HUQDPEXFR/ 'HSDUWDPHQWR GH 0HGLFLQD 9HWHULQiULD1 5XD= 'RXWRU 0DQRHO GH
0HGHLURV/ V2Q�/ 'RLV ,UPmRV/ 854:40<33/ 5HFLIH/ 3(1 (0PDLO= UVFDVWUR#XIUSH1EU1 $XWRU SDUD FRUUHVSRQGrQFLD1
53URIHVVRU $GMXQWR/ 'U1/ (VFROD GH 9HWHULQiULD/ 8QLYHUVLGDGH )HGHUDO GH 0LQDV *HUDLV +8)0*,1
63URIHVVRU $VVLVWHQWH/06F1/ &DPSXV 9,,2 8QLYHUVLGDGH )HGHUDO GD 3DUDtED1
73URIHVVRU $GMXQWR/ 3K'1/ ,&%/ 8)0*1

6800$5<

$ ODEHOOHG DYLGLQ0ELRWLQ (/,6$ +ODE0(/,6$, XVLQJ
UHSHDWHG VHUXP VDPSOHV RI JRDWV VKRZHG D SURJUHVVLYH
VHURFRQYHUVLRQ ZLWK KLJKHU VHURFRQYHUVLRQ UDWH DW WKH SHULRG
JRLQJ IURP WKH EHJLQQLQJ RI WKH EUHHGLQJ XS WR WKH ODVW KDOI RI
ODFWDWLRQ +6813(,/ FRPSDUHG WR WKDW UHFRUGHG DW WKH EHJLQQLQJ RI
EUHHGLQJ +4:1;(,+S?3138,1 )XUWKHUPRUH/ WKH VHURUHDFWLYLW\
SDWWHUQ/ HYDOXDWHG E\ D ODE0(/,6$ VWDQGDUG0FXUYH ZLWK VHUXP
VDPSOHV FROOHFWHG DW 63073 GD\V LQWHUYDOV GXULQJ 45 PRQWKV/ ZDV
FDUDFWHUL]HG E\ KLJK LQGLYLGXDO YDULDELOLW\1 1R VHURUHYHUVLRQ ZDV
REVHUYHG DQG WKHUH ZHUH KLJKHU WLWHUV LQ WKH JURXS RI DQLPDOV
ZKLFK GHOLYHUHG NLGV DQG HVWDEOLVKHG D ODFWDWLRQ SHULRG +Q 9>
PHDQ WLWUH <4617 XQLWV, FRPSDUHG WR WKH JURXS RI JRDWV WKDW
IDLOHG WR FRQFHLYHG +Q 7> PHDQ WLWUH 59415 XQLWV, +S?3134,1

.H\ ZRUGV= JRDW> FDSULQH DUWUKLWLV0HQFHSKDOLWLV YLUXV/
GLDJQRVWLFV/ HQ]\PH LPPXQRDVVD\V/ LPPXQLW\

5(6802

)RUDP UHDOL]DGRV H[DPHV VRUROyJLFRV HP FDEUDV
OHLWHLUDV/ XWLOL]DQGR0VH (/,6$ PDUFDGR FRP DYLGLQD0ELRWLQD
+/$%0(/,6$,1 (VVHV H[DPHV PRVWUDUDP VRURFRQYHUVmR
SURJUHVVLYD/ FRP XPD WD[D PDLRU HQWUH RV DQLPDLV D SDUWLU GR
LQtFLR GD UHSURGXomR DWp D ~OWLPD PHWDGH GD ODFWDomR +68(,
FRPSDUDGD j REVHUYDGD QRV DQLPDLV DWp R LQtFLR GD UHSURGXomR
+4:/;(,+S?3/38,1 $OpP GLVVR/ R SDGUmR GH VRURUHDWLYLGDGH GDV
DPRVWUDV FROKLGDV D FDGD 63073 GLDV/ GXUDQWH 45 PHVHV/ DYDOLDGR
SHOR /$%0(/,6$/ IRL FDUDFWHUL]DGR SRU DOWD YDULDELOLGDGH
LQGLYLGXDO1 1mR IRL REVHUYDGD VRURUHYHUVmR/ H WtWXORV PDLV DOWRV

IRUDP REWLGRV PDLV QR JUXSR FRQVWLWXtGR SRU DQLPDLV TXH
HQWUDUDP HP ODFWDomR +Q 9/ PpGLD GH WtWXORV <46/7, GR TXH QR
JUXSR FRQVWLWXtGR SRU DQLPDLV TXH FUX]DUDP/ PDV QmR
FRQFHEHUDP +Q 7/ PpGLD GH WtWXORV 594/5,+S?3/34,1

3DODYUDV0FKDYH= FDSULQR> DUWULWH0HQFHIDOLWH FDSULQD> GLDJQyVWLFR>
LPXQRHQVDLR HQ]LPiWLFR> LPXQLGDGH> YtUXV1

,1752'8&7,21

&DSULQH DUWKULWLV0HQFHSKDOLWLV +&$(, LV D
FKURQLF DQG SURJUHVVLYH YLUDO GLVHDVH RI JRDWV
FKDUDFWHUL]HG E\ SHUVLVWHQW LQIHFWLRQ/ ZLWK
LQIODPPDWRU\ DQG GHJHQHUDWLYH OHVLRQV RI MRLQWV/
PDPPDU\ JODQG/ OXQJV DQG/ OHVV IUHTXHQWO\ RI WKH
QHUYRXV V\VWHP RI NLGV +1$5$<$1 ) &25./
4<;8> 1$5$<$1 HW DO1/ 4<<:,1 7KH DHWLRORJLFDO
DJHQW/ FDSULQH DUWKULWLV0HQFHSKDOLWLV YLUXV +&$(9,
LQFOXGHG LQ WKH UHWURYLULGDH IDPLO\/ LV DOPRVW
ZRUOGZLGHO\ GLVWULEXWHG/ PDLQO\ DIIHFWLQJ JRDWV IURP
FRXQWULHV ZKHUH WKH GDLU\ LQGXVWU\ LV ZHOO GHYHORSHG
+$'$06 HW DO1/ 4<;7,1 ,Q %UD]LO/ WKH
HSLGHPLRORJLFDO VXUYH\V KDYH VKRZHG D KLJK
SUHYDOHQFH RI VHURUHDFWLYLW\ LQ SXUHEUHG DQLPDOV
+6$5$,9$ 1(72 HW DO1/ 4<<8> &81+$ )
1$6&,0(172/ 4<<8, EXW LW LV YHU\ ORZ LQ
FURVVEUHG JRDWV +&$6752-/ SHUVRQDO REVHUYDWLRQ,1
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7KH VXVFHSWLEOH DQLPDOV PD\ EH XVXDOO\
LQIHFWHG E\ RUDO H[SRVXUH WR &$(9 +WKURXJK WKH
LQJHVWLRQ RI LQIHFWLRXV FRORVWUXP DQG PLON, DQG OHVV
IUHTXHQWO\ E\ FRQWDFW/ LQWUDPDPPDU\ URXWH/ DQG
IURP GRH WR IHWXV/ HLWKHU SULRU WR/ RU GXULQJ WKH ELUWK
SURFHVV +$'$06 HW DO1/ 4<;6> ($67 HW DO1/ 4<<6>
/(521'(//( HW DO1/ 4<<8,1 $IWHU &$(9 LQIHFWLRQ/
WKH VHURFRQYHUVLRQV PD\ RFFXU LQ GLIIHUHQW SHULRGV>
VRPH DQLPDOV SUHVHQW D GHOD\HG VHURFRQYHUVLRQ/
PDLQO\ DIWHU WKH ILUVW SDUWXULWLRQ +5,067$' HW DO1/
4<<6,1 ([SHULPHQWDOO\ LQIHFWHG DQLPDOV SURGXFH
VSHFLILF DQWLERGLHV WKDW UHDFK D PD[LPXP OHYHO
EHWZHHQ 7< WR :: GD\V SRVW0LQIHFWLRQ/ DQG WKHQ IDOO
WR ORZHU VWDEOH WLWUHV +$'$06 HW DO1/ 4<;3,1
0RUHRYHU/ VHURUHYHUVLRQ ZDV REVHUYHG LQ VRPH
QDWXUDOO\ LQIHFWHG DQLPDOV +52:( HW DO1/ 4<<5>
5,067$' HW DO1/ 4<<6,1

7KH KRUPRQHV DUH UHVSRQVLEOH IRU WKH
PDPPDU\ JODQG GHYHORSPHQW DQG ODFWDWLRQ
PDLQWHQDQFH1 ,W KDV EHHQ GHPRQVWUDWHG WKDW VRPH
KRUPRQHV DUH DEOH WR DFWLYDWH RU WR LQFUHDVH WKH
UHSOLFDWLRQ UDWH RI UHWURYLUXVHV +/(521'(//( HW
DO1/ 4<<8,1 ,Q VHURSRVLWLYH QDWXUDOO\ LQIHFWHG JRDWV/ LW
KDV EHHQ REVHUYHG DQ LQFUHDVH LQ &$(9 UHSOLFDWLRQ/
GXULQJ KRUPRQDO LQGXFWLRQ RI ODFWDWLRQ E\ VWUDGLRO/
SURJHVWHURQH DQG K\GURFRUWL]RQH WUHDWPHQW +$662
HW DO1/ 4<<3,1

&RQVLGHULQJ WKH SDUWLFXODU UROH RI GRHV LQ
&$(9 HSLGHPLRORJ\ DQG WKH UHSRUWV LQGLFDWLQJ
UHODWLRQVKLS EHWZHHQ SK\VLRORJLFDO VWDWXV DQG &$(9
H[SUHVVLRQ WKDW PLJKW LQWHUIHUH LQ WKH LPPXQRORJLFDO
UHVSRQVH/ WKLV UHVHDUFK ZRUN ZDV GHVLJQHG WR
HYDOXDWH WKH VHURFRQYHUVLRQ DQG WKH SDWWHUQ RI
VHURUHDFWLYLW\ RI GDLU\ JRDWV QDWXUDOO\ H[SRVHG WR
&$(91

0$7(5,$/ $1' 0(7+2'6

$QLPDOV
6HYHQW\ WKUHH VDPH0JHQHUDWLRQ JRDWV +94

6DDQHQ DQG 45 7RJJHQEXUJ EUHHGV, IURP D &$(90
SRVLWLYH FRPPHUFLDO IORFN/ LQ 0LQDV *HUDLV 6WDWH/
%UD]LO/ FRPSULVLQJ QHDUO\ 783 DQLPDOV/ ZHUH XVHG WR
HYDOXDWH WKH VHURFRQYHUVLRQ SDWWHUQ1 $W ELUWK WKH NLGV
ZHUH VHSDUDWHG IURP WKHLU PRWKHUV DV VRRQ DV
SRVVLEOH/ DQG UHFHLYHG SDVWHXUL]HG FRORVWUXP/
IROORZHG E\ QRQ0SDVWHXUL]HG JRDW PLON XQWLO <3 GD\V
ROG1 7KH\ ZHUH/ WKHQ/ VXEPLWWHG WR DQ LQWHQVLYH
PDQDJHPHQW/ IHHGLQJ RQ QDSLHU JUDVV/ FRUQ VLODJH/
VXJDU FDQH VWHPV/ PLQHUDO VDOWV DQG SURWHLQ
FRQFHQWUDWH/ DFFRUGLQJ WR WKHLU UHVSHFWLYH QXWULWLRQDO
QHHGV1 $W DERXW 45 PRQWKV/ WKH\ ZHUH VXEPLWWHG WR D
QRQ0KRUPRQDO HVWURXV SURJUDPPLQJ/ FRQVLVWLQJ RI
DQ DUWLILFLDO 70KRXUV LQFUHDVH LQ WKH GDLO\

SKRWRSHULRGV/ DQG ZHUH PDWHG E\ &$(9
VHURQHJDWLYH IHUWLOH EXFNV1 7HQ VHURSRVLWLYH DQLPDOV/
DW WKH ILUVW VHW RI WHVWV/ ZHUH VHJUHJDWHG DQG XVHG WR
HYDOXDWH WKH SDWWHUQ RI VHURUHDFWLYLW\1

6HURORJ\
7KH JRDW VHUD ZHUH REWDLQHG E\ EORRG

FHQWULIXJDWLRQ/ DQG ZHUH VWRUHG DW 053�&/ XQWLO WKH
WHVW SHUIRUPDQFH E\ WKH ODEHOOHG DYLGLQ ELRWLQ
(/,6$0ODE0(/,6$ +&$6752 HW DO1/ 4<<<,1 %ULHIO\/
WR SHUIRUP WKH ODE0(/,6$/ WKH FRQWURO DQG WKH WHVW
VHUD ZHUH GLVSHQVHG LQ PLFURSODWHV SUHYLRXVO\
FRDWHG ZLWK &$(9 DQWLJHQV> D UDEELW
LPPXQRJOREXOLQ * +,J*, DQWL0JRDW ,J* FRQMXJDWHG
ZLWK ELRWLQ +*,%&20%5// 86$, ZDV DGGHG/ DQG
DIWHU LQFXEDWLRQ/ VWUHSWDYLGLQ FRQMXJDWHG ZLWK
KRUVHUDGLVK SHUR[LGDVH +6LJPD/ 86$, ZDV DGGHG>
WKH UHDFWLRQ ZDV GHWHFWHG E\ WKH DGGLWLRQ RI VXEVWUDWH
PL[WXUH ++525 DQG R0SKHQ\OHQHGLDPLQH/ *,%&20
%5// 86$, IROORZHG E\ WKH HQ]LPDWLF UHDFWLRQ
LQKLELWRU +61+5627,> WKH RSWLFDO GHQVLW\ +2', ZDV
UHDG LQ D 7<5QP VSHFWURSKRWRPHWUH +(,$ 0LFURSODWH
5HDGHU/ 6LJPD/ 86$,1 7KH UHVXOWV ZHUH H[SUHVVHG DV
D SHUFHQWDJH RI D KLJK SRVLWLYH UHIHUHQFH VWDQGDUG/
UHVXOWLQJ LQ D XQLIRUP DQG FRQWLQXRXV VFDOH RI 30433
SHUFHQW SRVLWLYLW\1

(YDOXDWLRQ RI WKH VHURFRQYHUVLRQ DQG
VHURUHDFWLYLW\ SDWWHUQV

7KH VHURFRQYHUVLRQ SDWWHUQ ZDV
LQYHVWLJDWHG E\ WHVWLQJ VDPSOHV IURP IRXU SHULRGV/
VHOHFWHG DFFRUGLQJ WR WKH SK\VLRORJLFDO VWDWXV RI WKH
IORFN= EHJLQQLQJ RI EUHHGLQJ/ HQG RI JHVWDWLRQ/ ILUVW
DQG ODVW KDOI RI ODFWDWLRQ1 'XULQJ WKH VWXG\ ERWK
VHURQHJDWLYH DQG VHURSRVLWLYH JRDWV ZHUH NHSW XQGHU
WKH VDPH PDQDJHPHQW SUDFWLFHV1 7KH VHURSRVLWLYH
DQLPDOV LQ WKH ILUVW VHW RI WHVWV ZHUH VHJUHJDWHG WR
HYDOXDWH WKH SDWWHUQ RI VHURUHDFWLYLW\/ DQG GLYLGHG
LQWR WZR H[SHULPHQWDO JURXSV1 ,Q WKH ILUVW RQH
+&3& FRPSOHWH SURGXFWLYH F\FOH> Q 9,/ WKH JRDWV
ZHUH EUHG/ EHFDPH SUHJQDQW/ GHOLYHUHG WKHLU NLGV DQG
IROORZHG WKHLU ODFWDWLRQ SHULRG1 7KH VHFRQG JURXS
+,3& LQFRPSOHWH SURGXFWLYH F\FOH> Q 7, ZDV
FRPSRVHG E\ JRDWV WKDW ZHUH EUHG/ EXW IDLOHG WR
FRQFHLYH1 7HQ VHUXP VDPSOHV/ FROOHFWHG 63 WR 73
GD\V DSDUW/ IURP HDFK JRDW/ ZHUH WLWUDWHG LQ
GXSOLFDWH/ LQ D VROH PLFURSODWH/ ZLWK D IL[HG GLOXWLRQ
+4=83, DV UHIHUHQFH WR D VWDQGDUG WLWUDWLRQ FXUYH
+.8567$./ 4<;8/ :5,*+7 HW DO1/ 4<<6,
FRQVWUXFWHG IURP D VHULDO WZRIROG GLOXWLRQV RI D
VWURQJ SRVLWLYH VHUXP LQVHUWHG LQWR HDFK SODWH1 7KLV
VWDQGDUG ZDV DUELWUDULO\ GHILQHG WR FRQWDLQ 9/733
XQLWV RI DQWL0&$(9 DQWLERGLHV SHU µ" +)LJXUH 4,1
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6WDWLVWLFDO DQDO\VLV
7KH VHURFRQYHUVLRQ UDWHV ZHUH FRPSDUHG

E\ FKL0VTXDUH/ ZKLOH WKH VHUXP WLWUHV RI DQWLERGLHV
DJDLQVW &$(9 ZHUH DQDO\VHG E\ DQDO\VLV RI
YDULDQFH/ FRQVLGHULQJ 43 DQLPDOV/ WZR JURXSV DQG 43
VDPSOLQJ SHULRGV +'($1 HW DO1/ 4<<3,1

5(68/76

5HSHDWHG VHUXP VDPSOHV DQG WHVWLQJ RI
JRDWV SRLQWHG RXW D SURJUHVVLYH VHURFRQYHUVLRQ
SDWWHUQ ZLWK QR VLJQLILFDQW GLIIHUHQFHV DPRQJ WKH
IRXU VWXGLHG SHULRGV +S!3138, +7DEOH 4,1 +RZHYHU/
WKH VHURFRQYHUVLRQ UDWH/ REVHUYHG LQ WKH SHULRG
EHWZHHQ WKH EHJLQQLQJ RI WKH EUHHGLQJ DQG WKH ODVW
KDOI RI ODFWDWLRQ +54293,/ ZDV KLJKHU WKDQ WKDW
UHFRUGHG XS WR WKH EHJLQQLQJ RI EUHHGLQJ +462:6, +;5
 91:8> S?3138,> WKH FDOFXODWHG RGGV UDWLR +25, ZDV
3173 +314:?25?31<9,/ DQG WKH UHODWLYH ULVN +55, ZDV
3184 +315;?55?31<6,1 7KH VWDQGDUG FXUYHV XVHG WR
DQWL0&$(9 DQWLERGLHV VHUXP WLWUDWLRQ SUHVHQWHG D
KLJK UHSHDWLELOLW\ ZLWK D PHDQ FRHIILFLHQW RI
UHJUHVVLRQ RI 31<;1 $ KLJK LQGLYLGXDO YDULDELOLW\ ZDV
REVHUYHG LQ WKH WLWUHV DW ERWK JURXSV +FRHIILFLHQW RI
YDULDWLRQ 47719(,1 7KH WLWUHV RI DQWLERGLHV DJDLQVW
&$(9/ UHFRUGHG LQ VHUXP VDPSOHV IURP &3& +PHDQ

<4617 XQLWV,/ ZHUH VLJQLILFDQWO\ KLJKHU
WKDQ WKRVH IURP ,3& +PHDQ 59415
XQLWV, +S?3134, +)LJXUH 5,1 'XULQJ WKH
VWXGLHG SHULRG/ QR VHURUHYHUVLRQ ZDV
REVHUYHG1

',6&866,21

7KH VHURFRQYHUVLRQ VWXG\
VKRZHG WKDW XS WR WKH HQG RI WKH ILUVW
SURGXFWLYH F\FOH/ DOPRVW KDOI RI WKH
DQLPDOV VHURFRQYHUWHG/ SUREDEO\ GXH
WR WKH XVH RI QRQ0SDVWHXUL]HG JRDW
PLON/ DOWKRXJK WKH SUHVHQFH RI
DQWLERGLHV LQ WKH PLON ZDV QRW WHVWHG1

7KH VHURFRQYHUVLRQV
RFFXUUHG GXULQJ DOO WKH VWXGLHG
SHULRGV/ PDLQO\ DIWHU EUHHGLQJ1 7KHVH

ILQGLQJV LQGLFDWH WKDW VRPH VXVFHSWLEOH DQLPDOV
VHURFRQYHUWHG EHFDXVH RI WKH FRQWLQXHG WUDQVPLVVLRQ
RI &$(9/ DV LW KDV EHHQ VXJJHVWHG E\ 52:( HW DO1
+4<<4,/ DQG H[SHULPHQWDOO\ GHPRQVWUDWHG E\ ($67
HW DO1 +4<<6,/ SUREDEO\ GXH WR WKH LQWHQVLYH
PDQDJHPHQW DQG FLUFXODWLRQ RI ZRUNHUV1 ,Q &$(9
LQIHFWHG IORFNV/ D QRWHZRUWK\ IHDWXUH LV WKH UROH RI
WKH GRHV/ DV WKH\ DUH PRUH QXPHURXV/ DQG VXEPLWWHG
WR D ORZHU VHOHFWLRQ SUHVVXUH WKDQ WKH EXFNV> WKH\
H[HUW WKH PRVW LPSRUWDQW UHODWLRQVKLS EHWZHHQ WKH
QHZHU DQG WKH ROGHU JHQHUDWLRQV> DQG WKH\ DUH DOVR
VXEPLWWHG WR QDWXUDO SHULRGLF KRUPRQDO F\FOHV/ ZKDW
VKRXOG OHDG WR YLUDO H[SUHVVLRQ DQG WUDQVPLVVLRQ
+$662 HW DO1/ 4<<3,1 7KHUHIRUH WKH SHUPDQHQFH RI
VHURSRVLWLYH DQLPDOV LQ WKH IORFN GXH WR WKH JHQHWLF
VWDQGDUG IDYRXUV WKH PDLQWHQDQFH RI WKH LQIHFWLRQ
DQG WKH LQFLGHQFH RI FOLQLFDO DOWHUDWLRQV1

7KH SDWWHUQ RI VHURFRQYHUVLRQ REVHUYHG
VXJJHVWV WKDW PRUH HPSKDVLV VKRXOG EH SODFHG RQ
WHVWLQJ WKH QHZ GRHV EHLQJ VHOHFWHG IRU EUHHGLQJ DQG
WKRVH DW WKH HQG RI WKHLU ILUVW ODFWDWLRQ LQ &$(9
FRQWURO SURJUDPPHV/ LW VKRXOG QRW XQGHUHVWLPDWH WKH
LPSRUWDQFH RI WKH WUDQVPLVVLRQ DPRQJ LQIHFWHG DQG
VXVFHSWLEOH DQLPDOV1

7KH VHURUHDFWLYLW\ SDWWHUQ ZDV
FKDUDFWHUL]HG E\ D YDULDEOH LQGLYLGXDO DQWLERG\ WLWUH/

QR VHURUHYHUVLRQ/ DQG E\ KLJKHVW
WLWUHV LQ DQLPDOV ZLWK FRPSOHWH
SURGXFWLYH F\FOH1 7KLV PLJKW EH D
FRQVHTXHQFH RI D FRPSOH[
LQWHUDFWLRQ DPRQJ DQLPDOV/ YLUDO
JHQRW\SHV DQG HQYLURQPHQWDO
IDFWRUV1 5HJDUGLQJ WR WKH
VHURUHDFWLYLW\ SDWWHUQ/ LW PXVW EH
WDNHQ LQWR DFFRXQW WKDW WKH
DQLPDOV ZHUH \HDUOLQJ JRDWV/ VR LW
LV SRVVLEOH WKDW WKH WLWUHV ZRXOG EH

)LJXUH 4 0 /DE0(/,6$ VWDQGDUG XQLW FXUYH XVHG IRU WKH WLWUDWLRQ RI JRDW VHUXP DQWLERGLHV
DJDLQVW FDSULQH DUWKULWLV HQFHSKDOLWLV YLUXV1

3

4333

5333

6333

7333

8333

9333

:333

3/64 3/65 3/77 3/89 3/9: 3/:< 3/;8

2' +7<5 QP,

7L
WUH
+X
QL
W,

7DEOH 4 0 6HURFRQYHUVLRQ RI :6 GDLU\ JRDWV QDWXUDOO\ H[SRVHG WR FDSULQH DUWKULWLV HQFHSKDOLWLV
YLUXV LQ %UD]LO1

3K\VLRORJLFDO VWDWXV RI WKH IORFN 1XPEHU RI VHURFRQYHUVLRQ +(, 7RWDO VHURFRQYHUVLRQ +(,

%HJLQQLQJ RI UHSURGXFWLRQ 46 +4:1;, 46 +4:1;,
(QGLQJ RI JHVWDWLRQ ; +4616, 54 +5;1;,
)LUVW KDOI RI ODFWDWLRQ : +4618, 5; +6;16,
/DVW KDOI RI ODFWDWLRQ 9 +4616, 67 +7919,

;5  31;8 +S ! 3138,



&DVWUR HW DO1

&LrQFLD 5XUDO/ Y1 65/ Q1 7/ 53351

939

VWDEOHU DIWHU VHYHUDO SURGXFWLRQ F\FOHV
LQ LQIHFWHG DQLPDOV1

&$(9 FRQWURO LV DFKLHYHG
E\ WHVWLQJ DQG VHJUHJDWLQJ RU
FXOOLQJ RI VHURSRVLWLYH DQLPDOV
WRJHWKHU ZLWK PDQDJHPHQW SUDFWLFHV
WR SUHYHQW WKH H[SRVXUH RI NLGV WR
&$(9 +52:( ) ($67/ 4<<:,1 $OO
WKLV PLJKW IDYRXU WKH VHOHFWLRQ RI
YLUXV VWUDLQV DQG RI DQLPDOV ZLWK
ORZ OHYHO RI KXPRUDO
LPPXQRORJLFDO0UHVSRQVH DJDLQVW
&$(9/ ZKLFK PLJKW LQWHUIHUH
QHJDWLYHO\ LQ WKH FRQWURO DQG
HUDGLFDWLRQ SUDFWLFHV LI VHURORJLFDO
WHVWV DUH XVHG DV WKH VROH FULWHULXP
WR WKH &$(9 LQIHFWLRQ GLDJQRVLV1
6R/ LW LV RXU XQGHUVWDQGLQJ WKDW LV
QHFHVVDU\ PRUH UHVHDUFK ZLWK QHZHU
DSSURDFKHV WR H[SODLQ WKH UHODWLRQVKLS DPRQJ GRHV
SK\VLRORJLFDO VWDWXV DQG &$(9 H[SUHVVLRQ/ DV
ZHOO DV WKHUH LV D QHHG RI VWXGLHV RQ WKH XVH RI
KLJKO\ VHQVLWLYH VHURORJLFDO WHVWV DVVRFLDWHG ZLWK
HDUO\ YLUDO GHWHFWLRQ PHWKRGV VXFK DV 3&5/ LQ
RUGHU WR LGHQWLI\ D KLJKHU QXPEHU RI LQIHFWHG
DQLPDOV1

$.12:/('*(0(176

7KH DXWKRUV ZRXOG OLNH WR WKDQN 'U 3DXOR 3RQFH GH
/HRQ IRU WKH UHYLHZ RI WKH PDQXVFULSW1 5161 &DVWUR LV WKH UHFLSLHQW
RI D IHOORZVKLS IURP )XQGDomR GH $SHUIHLoRDPHQWR GH 3HVVRDO GH
1tYHO 6XSHULRU +&$3(6,1 7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\
)LQDQFLDGRUD GH (VWXGRV H 3URMHWRV +),1(3, DQG %HP (VWDU GR
0HQRU +6DELQySROLV/0LQDV *HUDLV,1

5()(5(1&(6

$'$06/'16/2/,9(5/51(1/$0(*+,12/ (1/ HW DO1 *OREDO VXUYH\
RI VHURORJLFDO HYLGHQFH RI FDSULQH DUWKULWLV0HQFHSKDOLWLV YLUXV
LQIHFWLRQ1 9HWHULQDU\ 5HFRUG/ Y1448/ S17<607<8/ 4<;71

$'$06/ '161/ &5$:)25'/ 71%1/ %$1.6/ .1/1/ HW DO1
,PPXQH UHVSRQVH RI JRDWV SHUVLVWHQWO\ LQIHFWHG ZLWK FDSULQH
DUWKULWLV HQFHSKDOLWLV YLUXV1 ,QIHFWLRQ DQG ,PPXQLW\/ Y15;/
S1754075:/ 4<;31

$'$06/ '161/ ./(9-(50$1'(5621/ 31/ &$5/621/ %161/ HW
DO1 7UDQVPLVVLRQ DQG FRQWURO RI FDSULQH DUWKULWLV 0
HQFHSKDOLWLV YLUXV1 $PHULFDQ -RXUQDO RI 9HWHULQDU\
5HVHDUFK/ Y177/ S149:3049:8/ 4<;61

$66/ -/ *8,*8(1/ )1 $1' /(521'(//(/ &1 ,QGXFWLRQ RI WKH
H[SUHVVLRQ RI FDSULQH DUWKULWLV HQFHSKDOLWLV YLUXV LQ
VHURORJLFDOO\ SRVLWLYH DQLPDOV1 6FLHQFHV HW 7HFKQLTXHV GH
O*$QLPDO GH /DERUDWRLUH/ Y148/ S14340436/ 4<<31

&$6752/ 5161/ /(,7(/ 51&1/ 5(6(1'(/ 01/ HW DO1 $ ODEHOOHG
DYLGLQ 0 ELRWLQ (/,6$ WR GHWHFW DQWLERGLHV WR FDSULQH DUWKULWLV0
HQFHSKDOLWLV YLUXV LQ JRDWV¶ VHUD1 9HWHULQDU\ 5HVHDUFK
&RPPXQLFDWLRQV/ Q156/ S18480855/ 4<<<1

&81+$/ 51*1/ 1$6&,0(172/ 01'1 2FRUUrQFLD GH DQWLFRUSRV
SDUD R YLUXV GD DUWULWH0HQFHIDOLWH FDSULQD HP VRURV GH FDSULQRV
GR (VWDGR GR 5LR GH -DQHLUR1 5HYLVWD %UDVLOHLUD GH
0HGLFLQD 9HWHULQiULD/ Y14:/ S1:50:8/ 4<<81

'($1/ $1*1/ '($1/ -1$1 $1' %85721/ $1+1 (SL LQIR/
YHUVLRQ 8= $ ZRUG SURFHVVLQJ/ GDWD EDVH/ DQG VWDWLVWLF
SURJUDP IRU HSLGHPLRORJ\ RQ PLFUR0FRPSXWHUV1 $WODQWD/
*HRUJLD/ = &HQWHUV IRU 'LVHDVH &RQWURO/ 4<<31 69:S1

($67/ 11(1/ 52:(/ -1'1/ '$+/%(5*/ -1(1/ HW DO1 0RGHV RI
WUDQVPLVVLRQ RI FDSULQH DUWKULWLV0HQFHSKDOLWLV YLUXV LQIHFWLRQ1
6PDOO 5XPLQDQW 5HVHDUFK/ Y143/ S15840595/ 4<<61

.8567$./ (1 3URJUHVV LQ HQ]LPH LPPXQRDVVD\V=
SURGXFWLRQ RI UHDJHQWV/ H[SHULPHQWDO GHVLJQ/ DQG LWV
LQWHUSUHWDWLRQ1 %XOOHWLQ RI WKH :RUOG +HDOWK
2UJDQL]DWLRQ/ Y196/ S1:<60;44/ 4<;81

/(521'(//(/ &1/ *5((1/$1'/ 71/ -$1(/ 01/ HW DO1
,QIHFWLRQ RI ODFWDWLQJ JRDWV E\ PDPPDU\ LQVWLOODWLRQ RI FHOO0
ERUQH FDSULQH DUWKULWLV0HQFHSKDOLWLV YLUXV1 -RXUQDO RI 'DLU\
6FLHQFH/ Y1:;/ S1;830;88/ 4<<81

1$5$<$1/ 21/ &25./ /1&1 /HQWLYLUDO GLVHDVHV RI VKHHS
DQG JRDWV= &KURQLF SQHXPRQLD/ OHXNRHQFHSKDORP\HOLWLV
DQG DUWKULWLV1 5HYLHZV RI ,QIHFWLRXV 'LVHDVHV/ Y1:/ S1;<0
<:/ 4<;81

1$5$<$1/ 21/ -2$*/ 6191/ &+(%/281(/ <1/ HW DO1 9LVQD0
PDHGL= WKH SURWRW\SH OHQWLYLUDO GLVHDVH1 ,Q= 1($/
1$7+$1621 HW DO1 +HGV,1 9LUDO SDWKRJHQHVLV/
3KLODGHOSKLD= /LSLQFRWW05DYHQ/ 4<<:1 S198:099;1

5,067$'/ (1/ ($67/ 11(1/ 7257(1/ 01/ HW DO1 'HOD\HG
VHURFRQYHUVLRQ IROORZLQJ QDWXUDOO\ DFTXLUHG FDSULQH DUWKULWLV0
HQFHSKDOLWLV YLUXV LQIHFWLRQ LQ JRDWV1 $PHULFDQ -RXUQDO RI
9HWHULQDU\ 5HVHVHDUFK/ Y187/ S14;8;04;95/ 4<<61

52:(/ -1'1/ ($67/ 11(1 5LVN IDFWRUV IRU WUDQVPLVVLRQ DQG
PHWKRGV IRU FRQWURO RI FDSULQH DUWKULWLV0HQFHSKDOLWLV YLUXV
LQIHFWLRQ1 9HWHULQDU\ &OLQLFV RI 1RUWK $PHULFD= )RRG
$QLPDO 3UDFWLFH/ Y146/ S167086/ 4<<:1

)LJXUH 5 0 /DE0(/,6$ WLWUHV RI JRDW VHUXP DQWLERGLHV DJDLQVW FDSULQH DUWKULWLV HQFHSKD0
OLWLV YLUXV DFFRUGLQJ WR WKH H[SHULPHQWDO JURXS1
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6HURFRQYHUVLRQ DQG VHURUHDFWLYLW\ SDWWHUQV RI GDLU\ JRDWV QDWXUDOO\ H[SRVHG111

&LrQFLD 5XUDO/ Y1 65/ Q1 7/ 53351

93:

52:(/ -1'1/ ($67/11(1/ 7+85021'/ 01&1 5LVN IDFWRUV
DVVRFLDWHG ZLWK FDSULQH DUWKULWLV0HQFHSKDOLWLV YLUXV LQIHFWLRQ LQ
JRDWV RQ &DOLIRUQLD GDLULHV1 $PHULFDQ -RXUQDO RI
9HWHULQDU\ 5HVHDUFK/ Y185/ S18430847/ 4<<41

52:(/ -1'1/ ($67/11(1/ 7+85021'/ 01&1 &RKRUW VWXG\ RI
QDWXUDO WUDQVPLVVLRQ DQG WZR PHWKRGV IRU FRQWURO RI FDSULQH
DUWUKLWLV0HQFHSKDOLWLV YLUXV LQIHFWLRQ LQ JRDWV RQ &DOLIRUQLD
GDLU\1 $PHULFDQ -RXUQDO RI 9HWHULQDU\ 5HVHDUFK/ Y186/
Q145/ S156;9056<7/ 4<<51

6$5$,9$ 1(72/ $12/ &$6752/ 516/ %,5*(/ (1+1/ HW DO1
(VWXGR VRUR0HSLGHPLROyJLFR GD DUWULWH0HQFHIDOLWH FDSULQD HP
3HUQDPEXFR1 3HVTXLVD 9HWHULQiULD %UDVLOHLUD/ Y148/ S14540
457/ 4<<81

:5,*+7/ 31)1/ 1,/6621/ (1/ 9$1 522,-/ (101$1/ HW DO1
6WDQGDUGLVDWLRQ DQG YDOLGDWLRQ RI HQ]\PH0OLQNHG
LPPXQRVRUEHQW DVVD\ WHFKQLTXHV IRU WKH GHWHFWLRQ RI DQWLERG\
LQ LQIHFWLRXV GLVHDVH GLDJQRVLV1 5HYXH 6FLHQWLILTXH HW
7HFKQLTXH 2IILFH ,QWHUQDWLRQDO GHV (SL]RRWLHV/ Y15/ S1 7680
783/ 4<<61


