-+9 +VIIROIITIV)HYGEXMSR4VSKVEQQI
'SYVWI2SXIW
1MGEL;SSHW 4L(
7ITXIQFIV



-RXVSHYGXMSR

:HOFRPHWR\HDURIWKH,*8 *UHHQNHHSHU(GXFDWLRQ3URJUDPPH 7KHRE
MHFWLYHRIWKLVFRXUVHLVVLPSOH²WRSURYLGHLQIRUPDWLRQWKDWFDQEHSXWWRXVH
WRLPSURYHWKHSOD\LQJFRQGLWLRQVRQJROIFRXUVHVLQ,QGLDDQGWKHVXUURXQGLQJ
FRXQWULHV 7KHSURJUDPPHLVRUJDQL]HGDQGSUHVHQWHGE\WKH,QGLDQ*ROI8QLRQ
7KHHGXFDWLRQDOFRQWHQWLVSUHSDUHGDQGGHOLYHUHGE\0LFDK:RRGV &KLHI6FLHQ
WLVWDWWKH$VLDQ7XUIJUDVV&HQWHU ZLWKVXSSRUWIURPWHFKQLFDOVSHFLDOLVWVIURP
WKH$VLDQ*ROI,QGXVWU\)HGHUDWLRQ $*,) 7KHSURJUDPPHLVPDGHSRVVLEOH
WKURXJKJHQHURXVVXSSRUWIURP7KH5 $
,Q WKHSURJUDPPHIRFXVZDV 3ULQFLSOHVRI*UHHQNHHSLQJ :HGLVFXVVHG
FRXUVHPDLQWHQDQFHVWDQGDUGV GLIIHUHQWW\SHVRIJUDVVFRPPRQRQJROIFRXUVHV
LQ,QGLD DQGVRPHRIWKHJHQHUDOPDLQWHQDQFHSUDFWLFHV KRZWKH\DUHGRQH DQG
ZKHQLWLVXVXDOO\EHVWWRGRWKHP 7KLV\HDU ZHEXLOGXSRQWKHIRXQGDWLRQVHW
ODVW\HDUDQGZLOOEHOHDUQLQJDERXWVRPHRIWKHWXUIJUDVVDQGVRLOPDQDJHPHQW
SUDFWLFHVLQPRUHGHWDLO
2XUIRFXVWKLV\HDULV ,PSURYLQJ&RXUVH&RQGLWLRQV DQGZLOOLQFOXGHFDVHVWXG
LHVGHYHORSHGE\WKHGHOHJDWHVDWHDFKYHQXH LQZKLFKZHZLOOZRUNWRJHWKHU
WRÀQGWKHEHVWVROXWLRQWRFRXUVHPDLQWHQDQFHSUREOHPV :HZLOOORRNDWWXUI
JUDVVLUULJDWLRQ DWWKHPDQDJHPHQWRIRUJDQLFPDWWHULQWKHVRLO DWKRZZHFDQ
EHVWPDQDJHZHHGVRQJROIFRXUVHV KRZZHFDQIHUWLOL]HWKHJUDVV DORQJZLWK
DVHVVLRQIURP$*,) WHDFKHUVDERXWWKHFDUHDQGRSHUDWLRQRIHTXLSPHQWWKDWLV
HVVHQWLDOIRUFRXUVHPDLQWHQDQFH


$GGLWLRQDOLQIRUPDWLRQDERXWWKHSURJUDPZLWKOLQNVWRGRZQORDGDEOHÀOHVDQGSKRWRVLV
DW KWWSZZZLQDVLDQWXUIJUDVVFRP
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6IZMI[SJ8STMGW
'SYVWI1EMRXIRERGI7XERHEVHW

,Q ZHVWDUWHGE\WDONLQJDERXW FRXUVHPDLQWHQDQFHVWDQGDUGV :HQHHGWR
KDYHDVWDQGDUGSOD\LQJFRQGLWLRQDQGSHUKDSVYLVXDODSSHDUDQFHIRUHDFKDUHD
RIWKHFRXUVH 7KHVWDQGDUGVDUHEHVWSUHSDUHGDVDZULWWHQGRFXPHQWIRUHDFK
IDFLOLW\DQGVKRXOGGHVFULEHZKDWW\SHRIFRQGLWLRQVVKRXOGEHSUHVHQWHGWRWKH
JROIHURQWKHWHHV IDLUZD\V JUHHQV URXJK EXQNHUV ODQGVFDSH DQGRWKHUDUHDV
DVÀWVWKHFRXUVH %HFDXVHRIFKDQJHVLQWKHZHDWKHUWKURXJKRXWWKH\HDU DQG
WKHHIIHFWWKDWKDVRQWKHFRXUVHFRQGLWLRQVDQGWKHDELOLW\WRFUHDWHFHUWDLQFRQ
GLWLRQV WKHVWDQGDUGVZLOOXVXDOO\KDYHVHDVRQDOYDULDWLRQLQWKHP DQGVHUYHWR
VHWDWDUJHWUDQJHRIFRQGLWLRQVWKDWWKH&OXEFDQWKHQWDNHVWHSVWRDFKLHYH


'SSPERH;EVQ7IEWSR+VEWW

:HGLVFXVVHGWKHGLIIHUHQFHVEHWZHHQFRROVHDVRQDQGZDUPVHDVRQWXUIJUDVVHV
%HFDXVHRIWKHRSWLPXPWHPSHUDWXUHVDWZKLFKSKRWRV\QWKHVLVRFFXUVLQFRRO
VHDVRQJUDVVHV ZHÀQGFRROVHDVRQJUDVVHVJURZLQDUHDVZKHUHWKHDYHUDJH
DQQXDOWHPSHUDWXUHLVOHVVWKDQ  ǅ :KHQWKHDYHUDJHDQQXDOWHPSHUDWXUH
LVPRUHWKDQ  ǅ ZHXVXDOO\ÀQGZDUPVHDVRQJUDVVHVJURZLQJ %HFDXVHWKH
DYHUDJHDQQXDOWHPSHUDWXUHDWPRVWORFDWLRQVLQ,QGLDLVPRUHWKDQ  ǅ ZH
SULPDULO\VWXG\WKHZDUPVHDVRQJUDVVHV


4LSXSW]RXLIWMW

*UDVVHVJURZEHFDXVHRISKRWRV\QWKHVLV :DWHUIURPWKHVRLODQGFDUERQGLR[LGH
IURPWKHDLUDUH WKURXJKWKHSURFHVVRISKRWRV\QWKHVLVLQWKHOHDI IRUPHGLQWR
FDUERK\GUDWHV 7KHHQHUJ\IRUWKLVSURFHVVFRPHVIURPVXQOLJKW 1LWURJHQSOD\V
DQHVSHFLDOO\LPSRUWDQWUROHLQSKRWRV\QWKHVLVEHFDXVHLW DVDFRPSRVLWLRQRI
LPSRUWDQWPROHFXOHVLQWKHOHDI KHOSVWKHJUDVVWRFDSWXUHWKHOLJKWIURPWKHVXQ
DQGWKHFDUERQGLR[LGHIURPWKHDLU 6RZKHQZHORRNDWSKRWRV\QWKHVLVDQG
KRZJUDVVHVJURZ ZHFDQVHHWKDWWKHUHDUHIRXUYDULDEOHV
 /LJKW KRZPXFKOLJKWUHDFKHVWKHJUDVV
 7HPSHUDWXUH LVWKHWHPSHUDWXUHDWDQRSWLPXPIRUSKRWRV\QWKHVLV RULVLW
WRRKRW RULVLWWRRFROG
 :DWHU LVWKHUHHQRXJKZDWHULQWKHVRLODQGLQWKHOHDIWRNHHSWKHVWRPDWD
RSHQ
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 1LWURJHQ LVWKHUHHQRXJKQLWURJHQLQWKHOHDIWRNHHSSKRWRV\QWKHWLFUHDF
WLRQVPRYLQJTXLFNO\
6RPHRIWKHPRVWLPSRUWDQWJROIFRXUVHPDLQWHQDQFHWDVNVVXFKDVPRZLQJ
DGGLQJVXSSOHPHQWDOLUULJDWLRQ DQGDSSO\LQJQLWURJHQIHUWLOL]HU DUHLPSRUWDQW
LQWKHZD\WKDWWKH\PRGLI\SKRWRV\QWKHVLV


8LI*SYV1EMR;EVQ7IEWSR8YVJKVEWWIWMR-RHME

 &\QRGRQGDFW\ORQ 0RVWRIWKHJROIFRXUVHVLQ,QGLDXVHEHUPXGDJUDVV
RU GRRE %HUPXGDJUDVVKDVDUHODWLYHO\KLJKOLJKWUHTXLUHPHQWDQGJRRG
GURXJKWWROHUDQFH :HVHHWKDWEHUPXGDJUDVVJURZVZHOOHVSHFLDOO\ZKHQ
LWLVVXQQ\ LWGRHVQRWJURZVRZHOOZKHQLWLVFORXG\ RUZKHQLWLVJURZ
LQJXQGHUWUHHV DQGLWFDQEHHVSHFLDOO\GLIÀFXOWWRPDQDJHEHUPXGDJUDVV
RQSXWWLQJJUHHQVGXULQJWKHPRQVRRQEHFDXVHLWGRHVQRWGRZHOODWORZ
PRZLQJKHLJKWVZKHQWKHUHLVQRWDUHODWLYHO\KLJKDPRXQWRIOLJKWIURP
WKHVXQ
 $[RQRSXVFRPSUHVVXV 7KLVJUDVVLVFDOOHGEURDGOHDIRUWURSLFDOFDUSHWJUDVV
DQGPDQ\RWKHUW\SHVRIFRPPRQQDPHV ,WKDVDUHODWLYHO\ZLGHOHDIEODGH
EXWLWLVHVSHFLDOO\ZHOODGDSWHGWRVKDGHGDUHDVDQGDUHDVWKDWKDYHDG
HTXDWHVRLOPRLVWXUHIRUPRVWRIWKH\HDU :HFDQRIWHQÀQGLWJURZLQJ
XQGHUWUHHVLQPDLQWDLQHGWXUIDUHDVLQWKHZHWWHUSDUWVRI,QGLD $W'HOKL
DQGRWKHUUHODWLYHO\GU\DUHDVWKLVJUDVVLVQRWFRPPRQ
 3DVSDOXPYDJLQDWXP 7KLVLVVHDVKRUHSDVSDOXP 6HDVKRUHSDVSDOXPLV
XVHGRQVRPHQHZFRXUVHVLQ,QGLD 7KLVJUDVVLVQDWLYHWRWLGDOVZDPSV
QHDUWKHRFHDQ DQGFDQEHIRXQGJURZLQJRQWKHHGJHVRIULYHUVDQGVZDPSV
ZLWKVDOW\ZDWHU 6HDVKRUHSDVSDOXPLVH[SHFWHGWRKDYHUHODWLYHO\KLJK
PDLQWHQDQFHUHTXLUHPHQWVLQ,QGLDDQGLWVKRXOGRQO\EHXVHGLQVLWXD
WLRQVZKHUHWKHLUULJDWLRQZDWHUVXSSO\LVWRRVDOLQHIRURWKHUJUDVVHV RU
LQFDVHVZKHUHWKHPDLQWHQDQFHEXGJHWLVYHU\KLJK 2QHRIWKHELJFKDO
OHQJHVZLWKVHDVKRUHSDVSDOXPLVFRQWURORIZHHGV SDUWLFXODUO\WKHFRQWURO
RI &\QRGRQGDFW\ORQ WKDWWHQGVWRRYHUWDNHVHDVKRUHSDVSDOXP
 =R\VLDPDWUHOOD 7KLVLVPDQLODJUDVVRULVVRPHWLPHVFDOOHGNRUHDQJUDVV ,W
LVPRUHFRPPRQO\XVHGLQODQGVFDSHDUHDVLQ,QGLD UDWKHUWKDQRQJROI
FRXUVHV EXWLWLVDÀQHWXUIIRUJROIFRXUVHV ,QIDFW ZHÀQGWKHIDLUZD\VDW
6HQWRVD*ROI&OXELQ6LQJDSRUH WKHJUHHQVDW5R\DO%DQJNRN6SRUWV&OXE
WKHIDLUZD\VDW+RQJ.RQJ*ROI&OXE DQGWKHJUHHQVDW:DFN:DFN*ROI
DQG&RXQWU\&OXELQ0DQLODDUHDOOPDQLODJUDVV
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1SHMJ]MRKXLI8YVJKVEWW+VS[MRK)RZMVSRQIRX

2QFHZHKDYHRXUPDLQWHQDQFHVWDQGDUGV VRWKDWZHNQRZZKDWZHDUHWU\LQJ
WRDFFRPSOLVK DQGZHKDYHVRPHXQGHUVWDQGLQJRISKRWRV\QWKHVLVDQGKRZ
JUDVVJURZV DQGZHNQRZZKDWW\SHRIJUDVVZHDUHWU\LQJWRJURZ WKHQZH
FDQFRQVLGHUKRZZHDFWXDOO\PRGLI\WKHJURZLQJHQYLURQPHQWRIWKHJUDVVWR
FUHDWHWKHGHVLUHGW\SHRISOD\LQJVXUIDFH , OLNHWRWKLQNRIVL[FDWHJRULHVRI
PRGLI\LQJWKHJURZLQJHQYLURQPHQW
/LJKW *UDVVHVSHUIRUPWKHLUEHVWZKHQJURZQLQIXOOVXQVKLQH $VDJHQHUDO
UXOH WXUIJUDVVWKDWUHFHLYHVOHVVWKDQKRXUVRIVXQVKLQHSHUGD\PD\
QHHGVSHFLDODWWHQWLRQWRNHHSWKHTXDOLW\RIWKHSOD\LQJVXUIDFHIURPGHWH
ULRUDWLQJ 6RPHRIWKHVWDQGDUGPDLQWHQDQFHSUDFWLFHVWKDWFDQEHXVHGWR
LPSURYHWXUIJUDVVFRQGLWLRQVZKHQOLJKWLVLQVXIÀFLHQWIRUJRRGWXUIJUDVV
SHUIRUPDQFHLQFOXGH
 UDLVLQJWKHPRZLQJKHLJKW
 UHGXFLQJWKHIUHTXHQF\RIPRZLQJ
 UHGXFLQJWKHQLWURJHQDSSOLFDWLRQUDWH
$LULQWKHVRLO 7XUIJUDVVHVDUHH[SHFWHGWRSHUIRUPZHOOZKHQVRLODLUFRQWHQWLV
PDLQWDLQHGDWPRUHWKDQE\YROXPH 0DLQWHQDQFHSUDFWLFHVWKDWKHOS
WRPDLQWDLQDLUVSDFHLQWKHVRLOLQFOXGH
 VDQGWRSGUHVVLQJWRPDWFKWKHSURGXFWLRQRIRUJDQLFPDWWHU FRQVWDQWO\
GLOXWLQJWKHRUJDQLFPDWWHUE\PL[LQJLWZLWKVDQG
 VOLFLQJ VROLGWLQHDHUDWLRQ KROORZWLQHDHUDWLRQ RURWKHUPHDQVRIWXUI
FXOWLYDWLRQ
 FRQWUROOLQJWKHJURZWKUDWHRIWKHJUDVVVRWKDWWKDWFKGRHVQRWDFFX
PXODWH
:DWHULQWKHVRLO 2SWLPXPVRLOPRLVWXUHFRQWHQWIRUDSDUWLFXODUVLWHGHSHQGV
RQWKHJUDVVW\SH VRLOFRQGLWLRQ DQGGHVLUHGVXUIDFHFKDUDFWHULVWLFV ,W
LVJHQHUDOO\GHVLUDEOHWRNHHSVRLOPRLVWXUHDVORZDVSRVVLEOHZKLOHVWLOO
PDLQWDLQLQJDUDWHRIWXUIJUDVVJURZWKVXIÀFLHQWWRUHFRYHUIURPWUDIÀF
GDPDJH
1XWULHQWVLQWKH6RLO 1LWURJHQFDQEHDSSOLHGEDVHGRQH[SHULHQFH JUDVVW\SH
GHVLUHGJURZWKUDWH DQGHVSHFLDOO\EDVHGRQWLPHRI\HDU WHPSHUDWXUHDQG
VXQ  )RUPRVWZDUPVHDVRQJUDVVHV DPRQWKO\UDWHRIDERXWJ1P LVD



785)*5$66 ,55,*$7,21 $1' 62,/ 02,6785(



JRRGHVWLPDWHRIQLWURJHQUDWH DQGWKDWFDQEHDGMXVWHGEDVHGRQWXUIJUDVV
SHUIRUPDQFH
2WKHUQXWULHQWVVXFKDVSKRVSKRUXVDQGSRWDVVLXPVKRXOGEHDSSOLHGEDVHG
RQWKHUHVXOWRIVRLOWHVWV
7XUIJUDVVOHDYHVXVXDOO\FRQWDLQ RQDGU\ZHLJKWEDVLV DERXWQLWURJHQ
SKRVSKRUXV DQGSRWDVVLXP )HUWLOL]HUVDSSOLHGWRWXUIJUDVVZLOO
XVXDOO\SURGXFHDJRRGUHVXOWZKHQWKHUDWLRRIQLWURJHQ SKRVSKRUXV DQG
SRWDVVLXPDSSOLHGWRWKHJUDVVRYHUWKHFRXUVHRIRQH\HDULVDERXW
WKHVDPHDVLVIRXQGLQWKHOHDYHV
,QVHFW 'LVHDVH DQG:HHGFRQWURO ,QVHFW GLVHDVH DQGZHHGSUREOHPVVKRXOG
EHLGHQWLÀHGDQGWKHQFRQWUROOHG ZLWKGLIIHUHQWSHVWVKDYLQJGLIIHUHQWFRQ
WURORSWLRQV $VDJHQHUDOUXOH KHDOWK\WXUIJUDVVVKRXOGEHPDLQWDLQHG
DQGDJRRGJURZLQJHQYLURQPHQWIRUWXUIJUDVVVKRXOGEHPDLQWDLQHG DQG
WKDWZLOOPLQLPL]HSUREOHPVIURPLQVHFWV GLVHDVHV DQGZHHGV DOWKRXJK
LWZLOOQRWHOLPLQDWHWKHP
0RZLQJ 0RZLQJLVWKHPRVWLPSRUWDQWPDLQWHQDQFHDFWLYLW\ &DUHPXVWEH
WDNHQWRPRZWKHJUDVVZLWKFDUHIXOO\DGMXVWHGPRZHUV DWWKHSURSHU
PRZLQJKHLJKW DQGZLWKWKHSURSHUIUHTXHQF\ $ VWDQGDUGJXLGHOLQHIRU
PRZLQJLVWRFXWRIIQRPRUHWKDQRIWKHOHDIEODGHDWHDFKPRZLQJ
&XWWLQJRIIPRUHWKDQRIWKHOHDIZLOOSUREDEO\JLYHVRPHVWUHVVWRWKH
JUDVV
7KHUHLVRQHW\SHRIZRUNWKDWGRHVQ·WUHDOO\LQYROYHPRGLI\LQJWKHJURZLQJ
HQYLURQPHQWRIWKHJUDVV 7KLVLV PLVFHOODQHRXVVXUIDFHDQGFRXUVHSUHSDUD
WLRQ ,QWKLVFDWHJRU\ZHGRQRWPRGLI\WKHJURZLQJHQYLURQPHQWRIWKHJUDVV
EXWZHGRZRUNVXFKDVUDNHDQGHGJHEXQNHUV VHWWKHWHHPDUNHUV DQGRWKHU
DFWLYLWLHVWKDWSUHSDUHDJROIFRXUVHIRUSOD\ $ WHFKQLTXHVXFKDVUROOLQJFDQ
EHLQFOXGHGLQWKLVFDWHJRU\ 8VLQJOLJKWZHLJKWUROOHUVRQJROIFRXUVHSXWWLQJ
JUHHQVUHVXOWVLQDVPRRWKHUSXWWLQJVXUIDFHZLWKIDVWHUEDOOUROODFURVVWKHJUHHQ



8YVJKVEWW-VVMKEXMSRERH7SMP1SMWXYVI

7XUIJUDVVSOD\LQJVXUIDFHVIRUJROIDUHEHVWZKHQWKHJURXQGLVÀUP 7KLVPHDQV
WKHEDOOZLOOERXQFHDQGUROODIWHULWKLWVWKHJURXQG 7RDFKLHYHVXFKFRQGLWLRQV
WKHJURXQGVKRXOGEHNHSWDVGU\DVSRVVLEOH %XWZKHQZHKDYHWUDIÀFWKDW
JRHVDFURVVWKHWXUI WKHQZHPXVWNHHSWKHJUDVVJURZLQJDOLWWOH WRUHFRYHU
IURPGDPDJHFDXVHGE\WKHWUDIÀF WRJURZRYHUEDOOPDUNV DQGWRFRYHUROG
GLYRWV
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,UULJDWLRQSOD\VDFULWLFDOUROHLQWXUIJUDVVSHUIRUPDQFH $SSO\WRRPXFKZD
WHUDQGZHZLOOKDYHZHWFRQGLWLRQV JROIHUVFRPSODLQLQJRIPXGRQWKHEDOO
DIWHULWODQGV ZHHGVDQGGLVHDVHVWKDWWKULYHLQZHWFRQGLWLRQVZLOOLQYDGH DQG
WKHJUDVVPD\JURZWRRTXLFNO\ PDNLQJLWGLIÀFXOWWRPRZ $SSO\WRROLWWOH
ZDWHUGXULQJWKHGU\VHDVRQDQGWKHJUDVVZLOOZLOW WKHJURZWKUDWHZLOOVORZ
RUHYHQVWRS DQGDQ\WUDIÀFGDPDJHZLOOUHPDLQRQWKHWXUI ZLWKQRUHFRYHU\
XQWLOPRUHZDWHULVDSSOLHG RUXQWLOWKHUDLQVFRPHDJDLQ



)ZETSXVERWTMVEXMSR

(YDSRWUDQVSLUDWLRQ (7 LVWKHFRPELQHGZDWHUORVVIURPWUDQVSLUDWLRQ SODQWZD
WHUXVHWKURXJKWKHOHDYHV DQGHYDSRUDWLRQ 7KHXQLWVIRU(7 DUHPPSHUGD\
7KHPDLQIDFWRUVLQÁXHQFLQJ(7 DUHWHPSHUDWXUH KXPLGLW\ DQGZLQG 7KH
KLJKHVW(7 UDWHVDUHZKHQWKHWHPSHUDWXUHLVKLJK WKHKXPLGLW\LVORZ DQGWKH
ZLQGLVKLJK 7KHORZHVW(7 UDWHVDUHZKHQWKHWHPSHUDWXUHLVORZ WKHKXPLGLW\
LVKLJK DQGWKHUHLVQRZLQG (7 IRUWXUIJUDVVXQGHU,QGLDQFRQGLWLRQVSUREDEO\
UDQJHVIURPWRDERXWPPSHUGD\ 3UDFWLFDOO\ WKH(7 LVXVXDOO\JRLQJWREH
DERXWPPIRUPXFKRIWKH\HDUZKHQWKHJUDVVLVDFWLYHO\JURZLQJ
&RQYHQLHQWO\ / RIZDWHUVSUHDGRYHUVTXDUHPHWHUIRUPVDOD\HUPP
LQGHSWK 6RWKRVH(7 UDWHVFDQEHGLUHFWO\FRQYHUWHGIURPPPWR/,IWKHJUDVV
KDVDQ(7 UDWHRIPPSHUGD\ WKDWPHDQV/ RIZDWHUDUHEHLQJORVWIURP
HDFKVTXDUHPHWHURIVRLO DQGWRPDLQWDLQDGHTXDWHVRLOPRLVWXUHIRUWKHJUDVV
WRJURZ HYHQWXDOO\WKDWZDWHUORVWWKURXJK(7 ZLOOQHHGWREHUHSODFHGE\HLWKHU
UDLQIDOORUE\LUULJDWLRQ
8VXDOO\ JROIFRXUVHWXUIZLOOKDYHDURRWV\VWHPFPRUPRUHLQGHSWK 7KH
URRWVH[SORUHDYROXPHRIVRLOWKDWZLOOKROGDERXWRU/ RIZDWHU :KHQWKH
(7 LVDERXWPPSHUGD\ DQGZKHQLWLVQRWUDLQLQJ ZHXVXDOO\ZLOOQHHGWR
DGGLUULJDWLRQHYHU\RUGD\V EHFDXVHWKHJUDVVZLOOKDYHXVHGDOPRVWDOORI
WKHSODQWDYDLODEOHZDWHUE\WKDWWLPH



(IXIVQMRMRK;LIRXS-VVMKEXI

,UULJDWLRQLVRQO\UHTXLUHGLIRQHZDQWVWRNHHSWKHJUDVVJURZLQJ 'XULQJWLPHV
ZKHQLWGRHVQRWUDLQ WKHJUDVVZLOOJRGRUPDQWDQGVWRSJURZLQJLIWKHVRLO
EHFRPHVWRRGU\ (YHU\JROIFRXUVH DQGGLIIHUHQWDUHDVRIDJROIFRXUVH KDYH
DGLIIHUHQWRSWLPXPJURZWKUDWH DQGWKXVWKHLUULJDWLRQPXVWEHDGMXVWHGDF
FRUGLQJO\ %HFDXVHSXWWLQJJUHHQVDUHWKHPRVWKLJKO\WUDIÀFNHGDUHDVRIDJROI
FRXUVH LWLVXVXDOO\GHVLUDEOHWRNHHSWKHJUDVVRQWKHSXWWLQJJUHHQVJURZLQJ
VORZO\EXWVWHDGLO\ VRWKDWWKHSXWWLQJVXUIDFHVFDQEHFRQVLVWHQWDQGVRWKDWWKH
JUDVVZLOOUHFRYHUIURPDQ\WUDIÀFGDPDJH
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:HFDQGHWHUPLQHZKHQWRLUULJDWHE\FKHFNLQJERWKWKHJUDVVDQGWKHVRLO
:LOWLQJLVZKHQWKHJUDVVVWDUWVWRFKDQJHFRORUDQGWKHOHDYHVVWDUWWREHFRPH
WKLQDQGOHVVVXFFXOHQW ZKHQWKHJUDVVLVZLOWLQJ LWVRPHWLPHVDSSHDUVVLOYHU
RUOLJKWEOXH DQGZKHQRQHZDONVDFURVVWKHJUDVV WKHIRRWSULQWVGRQRWERXQFH
EDFN EXWUDWKHUWKHOHDYHVVWD\SUHVVHGDJDLQVWWKHJURXQGIRUDORQJHUWKDQ
QRUPDOWLPH :KHQWKHVHV\PSWRPVÀUVWDSSHDU LWLVDQLQGLFDWLRQWKDWWKHUHLV
QRWHQRXJKSODQWDYDLODEOHZDWHULQWKHVRLO DQGLUULJDWLRQDGGHGDWWKLVWLPH
ZLOOFDXVHWKHJUDVVWRUHWXUQWRQRUPDO ZLWKQRORQJWHUP\HOORZLQJRUVWRSSLQJ
RIJURZWK ,IZDWHULVQRWDGGHGZKHQWKHJUDVVEHJLQVWRZLOW VRPHRIWKHOHDYHV
PD\WXUQ\HOORZDQGLWPD\WDNHDIHZGD\VIRUWKHJUDVVWREHJLQJURZLQJDJDLQ
RQFHZDWHULVDGGHG
7KHVRLOFDQDOVREHFKHFNHG ,IWKHVRLOLQWKHWRSFPLVGU\ WKHQLWLVOLNHO\
WKDWWKHJUDVVPD\ZLOWVRRQ DQGZDWHUFDQEHDGGHGWRSUHYHQWZLOWLQJ
2QJROIFRXUVHWXUI ZHZDQWWRNHHSWKHOHDYHVDVGU\DVSRVVLEOH ,IWKH
OHDYHVDUHZHWIRUKRXUVDWDWLPH WKHJUDVVZLOOEHPRUHOLNHO\WRVXIIHUIURP
IXQJDOGLVHDVHV )RUWKLVUHDVRQ LWLVXVXDOO\QRWDJRRGLGHDWRDSSO\ZDWHUWR
WXUIJUDVVMXVWEHIRUHVXQVHW EHFDXVHWKHOHDYHVZLOOEHZHWMXVWDVWKHVXQLVJRLQJ
GRZQDQGWKHOHDYHVPD\UHPDLQZHWDOOWKURXJKWKHQLJKW 7RPLQLPL]HWKH
FKDQFHRIOHDIGLVHDVHV LWLVEHVWWRDSSO\ZDWHUMXVWEHIRUHVXQULVHRUVRPHWLPH
LQWKHPRUQLQJ EHIRUHWKHVXQLVWRRKLJKLQWKHVN\ :DWHUDSSOLHGDWWKLVWLPH
ZLOOKHOSWRZDVKGHZIURPWKHOHDYHVDQGWKHJUDVVOHDYHVZLOOEHFRPHGU\
UDWKHUVRRQZLWKWKHULVLQJVXQ



(V]7TSXWERH;EXIV6ITIPPIRG]

6RPHVRLOV XSRQGU\LQJ EHFRPHYHU\GLIÀFXOWWRPDNHZHWDJDLQ :HRIWHQVHH
WKLVRQJROIFRXUVHSXWWLQJJUHHQV LQZKLFKVRPHDUHDVUHPDLQSHUVLVWHQWO\GU\
DQGHYHQWKRXJKZHDGGZDWHUDWWKHVXUIDFH LWVHHPVWRUROODFURVVWKHVXUIDFH
UDWKHUWKDQSHQHWUDWLQJLQWRWKHVRLO :KHQZHFKHFNWKHVRLOLQVXFKDQDUHD
WKHVRLOZLOOEHOLNHDSRZGHU QRWKDYLQJDQ\PRLVWXUHWRKROGWKHVDQGSDUWLFOHV
WRJHWKHU :HFDOOWKHVHDUHDV K\GURSKRELF PHDQLQJWKDWWKH\UHSHOZDWHU UDWKHU
WKDQDWWUDFWLW DQGZHDOVRFDOOWKHPORFDOL]HGGU\VSRWV RU/'6,WLVDFRPPRQ
SUREOHPRQJROIFRXUVHSXWWLQJJUHHQV
6RLOVXUIDFWDQWV ZHWWLQJDJHQWV DUHXVHIXOWRPLQLPL]H/'66RLOVXUIDFWDQWV
DOORZZDWHUWRVSUHDGPRUHHYHQO\LQWKHVRLODQGFDQKHOSWRSUHYHQWWKHIRU
PDWLRQRIZDWHUUHSHOOHQW/'6
&DUHIXOPDQDJHPHQWRIVRLORUJDQLFPDWWHULVDOVRKHOSIXOLQUHGXFLQJ/'6
,IRUJDQLFPDWWHULVDOORZHGWRDFFXPXODWHDWWKHVXUIDFHRIWKHVRLO DQGLVQRW
PL[HGZLWKVRLO LWLVFDOOHG WKDWFK 7KDWFKFDQKROGDORWRIZDWHU EHFDXVHLWLV
RUJDQLFPDWWHU EXWZKHQLWGULHV LWEHFRPHVYHU\GLIÀFXOWWRUHZHW 2QHRIWKH
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FKDUDFWHULVWLFVRIVRLOVZLWKKLJKWKDWFKOHYHOVLVWKDWWKH\DUHYHU\ZHWGXULQJWKH
UDLQ\VHDVRQ EXWZKHQLWLVQRWVRUDLQ\ WKHUHWHQGVWREHDORWRI/'6 EHFDXVHWKH
ZDWHUFDQQRWSHQHWUDWHWKURXJKWKHWKDWFKLILWEHFRPHVK\GURSKRELF 7KHQH[W
VHFWLRQRQRUJDQLFPDWWHUPDQDJHPHQWGLVFXVVHVKRZWRSUHYHQWWKHSUREOHPRI
WRRPXFKWKDWFKDFFXPXODWLRQ
$QRWKHUZD\WRSUHYHQW/'6 LVWRPDNHVXUHWKHVRLOQHYHUJHWVGU\HQRXJK
WREHFRPHK\GURSKRELF 7KLVUHTXLUHVFDUHIXODWWHQWLRQ DQGLVXVXDOO\SUDFWLFHG
RQO\RQSXWWLQJJUHHQV %\LGHQWLI\LQJDUHDVRQWKHSXWWLQJJUHHQVWKDWKDYHD
KLVWRU\RI/'6DQGE\FDUHIXOO\DGGLQJZDWHUWRWKRVHDUHDVWRHQVXUHWKHVRLO
GRHVQRWEHFRPHWRRGU\ WKHRQVHWRI/'6 FDQEHSUHYHQWHG



3VKERMG1EXXIV1EREKIQIRX

6RLORUJDQLFPDWWHULVLPSRUWDQWIRULPSURYLQJVRLOVWUXFWXUH LQFUHDVLQJVRLOZD
WHUKROGLQJFDSDFLW\ DQGLQFUHDVLQJWKHQXWULHQWKROGLQJFDSDFLW\RIWKHVRLO
+RZHYHU RQVSRUWLQJVXUIDFHV WRRPXFKRUJDQLFPDWWHULQWKHWRSFPRIVRLO
FDXVHDSUREOHPE\KROGLQJWRRPXFKZDWHUDQGVORZLQJWKHLQÀOWUDWLRQRIZDWHU
LQWRWKHVRLO 7KLVPDNHVWKHVXUIDFHVWRRVRIW
7KHUHIRUH RUJDQLFPDWWHULVPDQDJHGWRFUHDWHÀUPDQGGXUDEOHVXUIDFHVWKDW
DUHVXLWDEOHIRUJROI 2QVDQGURRW]RQHV WKLVPDQDJHPHQWRIRUJDQLFPDWWHULV
HVSHFLDOO\LPSRUWDQW 2QJROIFRXUVHSXWWLQJJUHHQV VRLORUJDQLFPDWWHULQWKH
WRSFPRIWKHVRLOVKRXOGEHPDLQWDLQHGDWOHVVWKDQE\ZHLJKW )RUHYHU\
NJRIVRLO WKHUHVKRXOGEHOHVVWKDQJRIRUJDQLFPDWWHU



'SRXVSPPMRKXLIKVS[XLVEXISJXLIKVEWW

2UJDQLFPDWWHULQWKHVRLOFRPHVIURPWKHJUDVV VRLIWKHJUDVVLVJURZLQJPRUH
TXLFNO\ LWZLOOSURGXFHPRUHRUJDQLFPDWWHU DQGLIWKHJUDVVLVJURZLQJVORZO\
LWZLOOSURGXFHOHVVRUJDQLFPDWWHU 3HUKDSVWKHPRVWLPSRUWDQWDVSHFWRIJUHHQ
NHHSLQJLVFRQWUROOLQJWKHJURZWKUDWHRIWKHJUDVV ZKLFKLGHDOO\ZLOOEHDVVORZ
DVSRVVLEOH \HWZLWKMXVWHQRXJKJURZWKWRUHFRYHUIURPDQ\GDPDJHWKDWRFFXUV
IURPWKHWUDIÀFJRLQJDFURVVLW %HFDXVHDSSOLFDWLRQRIQLWURJHQPDNHVWKHJUDVV
JURZPRUH DQGZLWKKROGLQJQLWURJHQPDNHVWKHJUDVVJURZOHVV RQHLPSRUWDQW
IDFWRULQRUJDQLFPDWWHUSURGXFWLRQLQWKHVRLOLVKRZPXFKQLWURJHQLVDSSOLHG
WRWKHWXUI



7ERHXSTHVIWWMRK

6DQGLVXVHGWRPL[ZLWKWKHRUJDQLFPDWWHUDVLWDFFXPXODWHV $VWKHVDQGLV
PL[HGZLWKWKHRUJDQLFPDWWHU WKHSHUFHQWDJHRIRUJDQLFPDWWHULQWKHVRLOE\
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ZHLJKWLVUHGXFHG 6DQGWRSGUHVVLQJIRUJROIFRXUVHSXWWLQJJUHHQVVKRXOGEH
DSSOLHGDWDQDQQXDOUDWHRIDERXWPPSHU\HDU HTXLYDOHQWWR/P  RU
P RIVDQGIRUHDFKVTXDUHPHWHURIJUHHQ 2QIDLUZD\V WKHQHHGIRUVDQG
WRSGUHVVLQJGHSHQGVRQWKHXQGHUO\LQJVRLO ,IWKHVRLOLVDQDUWLÀFLDOVDQGFDS
DVSXWWLQJJUHHQVXVXDOO\DUH DQGDVIDLUZD\VRQQHZFRXUVHVVRPHWLPHVDUH
WKHQWKHPDQDJHPHQWRIRUJDQLFPDWWHURQIDLUZD\VVKRXOGEHVLPLODUWRWKDW
SUDFWLFHGRQJUHHQV DQGVDQGWRSGUHVVLQJZLOOEHHVVHQWLDO ,IWKHIDLUZD\VDUH
VRLO LWLVOLNHO\WKDWWKHPLFURELDODFWLYLW\DQGZRUPDFWLYLW\LQWKHVRLOZLOOEH
KLJKHUDQGWKHQDWXUDOGHFRPSRVLWLRQRIRUJDQLFPDWWHUZLOOEHIDVWHU ,QWKDW
FDVH VDQGWRSGUHVVLQJRIIDLUZD\VZRXOGEHEHQHÀFLDOEXWQRWHVVHQWLDO



'SVIEIVM½GEXMSR

&RUHDHULÀFDWLRQ VRPHWLPHVDOVRFDOOHGKROORZWLQHDHULÀFDWLRQ SK\VLFDOO\UH
PRYHVDYHUWLFDOFROXPQRIVRLOLQFOXGLQJWKHRUJDQLFPDWWHUQHDUWKHVRLOVXUIDFH
2QKLJKTXDOLW\SXWWLQJJUHHQV FRUHDHULÀFDWLRQWRUHPRYHRIWKHVXUIDFH
DUHDHDFK\HDULVDQHIIHFWLYHZD\WRPLQLPL]HWKHDFFXPXODWLRQRIH[FHVVLYHRU
JDQLFPDWWHU &RUHDHULÀFDWLRQLVTXLWHGLVUXSWLYHWRJROISOD\ VRLWLVXVXDOO\
GRQHRQO\WZRRUWKUHHWLPHVSHU\HDU ,IFRULQJLVGRQH WKHPDFKLQHVKRXOGEH
VHWLQVXFKDZD\DVWRPDNHWKHKROHVDVFORVHWRJHWKHUDVSRVVLEOH 7KLVZLOO
OHDGWRPRUHUHPRYDORIRUJDQLFPDWWHUDWQRDGGLWLRQDOGLVUXSWLRQWRWKHJROI
WKXVPDNLQJDPRUHHIIHFWLYHUHVXOW
$IWHUFRUHDHULÀFDWLRQ WKHKROHVVKRXOGEHÀOOHGZLWKFOHDQVDQG 7KLVLV
HVVHQWLDOWRHQVXUHWKDWWKHKROHVUHPDLQRSHQWRZDWHULQÀOWUDWLRQDQGDLULQÀO
WUDWLRQLQWRWKHVRLO ,IWKHKROHVDUHQRWÀOOHGZLWKVDQG WKHQFDQFROODSVHDWWKH
WRSDQGWKHQSURYLGHOHVVEHQHÀWWKDQWKH\ZRXOGLIWKH\ZHUHÀOOHGZLWKVDQG



:IVXMGYXXMRKSVWGEVMJ]MRK

8VLQJEODGHVWKDWFXWYHUWLFDOO\LQWRWKHWXUIGRZQWRJURXQGOHYHOLVWHUPHGYHU
WLFXWWLQJ DQGLIWKHEODGHVFXWLQWRWKHVRLODVZHOO , OLNHWRXVHWKHWHUPVFDULI\
LQJ DOWKRXJKVRPHPD\FDOOWKLVGHHSYHUWLFXWWLQJ 9HUWLFXWWLQJDQGVFDULI\LQJ
UHPRYHVRPHRIWKHRUJDQLFPDWWHUIURPWKHWXUIJUDVVFDQRS\DQGLQWKHFDVHRI
VFDULI\LQJIURPWKHWRSOHYHORIWKHVRLODVZHOO 7KHVHPDLQWHQDQFHSUDFWLFHVFDQ
EHXVHGRQWKHLURZQRUWRJHWKHUZLWKFRUHDHULÀFDWLRQDQGVDQGWRSGUHVVLQJ
&DUHVKRXOGEHWDNHQZKHQYHUWLFXWWLQJDQGVFDULI\LQJWRGRVRDWDWLPHRI
WKH\HDUZKHQWKHJUDVVLVDFWLYHO\JURZLQJDQGFDQUHFRYHU 7KLVZRUNFDQEH
TXLWHGDPDJLQJWRWKHJUDVV HVSHFLDOO\ZKHQLWLVFROG RUWRRFORXG\ DQGWKH
JUDVVPD\VWUXJJOHWRUHFRYHU
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8YVJKVEWW2YXVMIRX6IUYMVIQIRXWERH*IVXMPM^IV

7XUIJUDVVQXWULHQWUHTXLUHPHQWVDUHUHODWHGWRWKHJURZWKUDWHRIWKHJUDVV 7KH
DPRXQWRIDQHOHPHQWQHFHVVDU\WRDSSO\DVIHUWLOL]HUFDQEHGHWHUPLQHGEDVHG
RQWKHDPRXQWRIWKDWHOHPHQWLQWKHVRLODQGRQWKHJURZWKSRWHQWLDORIWKH
JUDVVIRUDVSHFLÀHGWLPHSHULRG ,IWKHUHLVPRUHRIDQHOHPHQWLQWKHVRLOWKDQ
WKHJUDVVUHTXLUHV WKHQQRQHRIWKDWHOHPHQWQHHGVWREHDGGHGDVIHUWLOL]HU 7KLV
SUHVHQWDWLRQGHVFULEHVWKHSURFHGXUHVLQYROYHGLQXQGHUVWDQGLQJSODQWQXWULHQW
UHTXLUHPHQWV 5HFRJQL]LQJWKDWJUDVVHVJURZLQVRLO LWEHJLQVZLWKDQH[SOD
QDWLRQRIVRLOS+ DQGFDWLRQH[FKDQJHFDSDFLW\ &(& LQWURGXFHVWKHPLQLPXP
OHYHORIVXVWDLQDEOHQXWULWLRQ 0/61 JXLGHOLQHV DQGFORVHVZLWKDQH[SODQDWLRQ
RIOHDIQXWULHQWOHYHOVDQGXVLQJWKHWHPSHUDWXUHEDVHGJURZWKSRWHQWLDOPRGHO
WRVFKHGXOHQLWURJHQDSSOLFDWLRQV



7SMPT,

:HEHJLQE\UHFRJQL]LQJWKDWWXUIJUDVVHVJURZLQVRLO 7KHVRLOS+ LVDPHDVXUH
RIWKHK\GURJHQLRQDFWLYLW\^+ `LQVRLOVROXWLRQDQGLWLVXVXDOO\PHDVXUHGLQD
PL[WXUHRIVRLODQGGHLRQL]HGZDWHU %HFDXVHS+ KDVVXFKDQLQÁXHQFHRQVR
PDQ\FKHPLFDOUHDFWLRQVLQWKHVRLO ZHFDQFRQVLGHULWWREHDPDVWHUYDULDEOH
DQGLWLVXVHIXOWRXQGHUVWDQGMXVWZKDWS+ LV VRWKDWZHFDQEHWWHUXQGHUVWDQG
WXUIJUDVVQXWULHQWUHTXLUHPHQWV
3XUHZDWHU + 2FRQVLVWVRI+ 2VRPHGLVVRFLDWHG+  DQGVRPHGLVVRFLDWHG
2+  7KHS+ RISXUHZDWHULV ZKLFKPHDQVWKDWWKHK\GURJHQLRQDFWLYLW\LV
PROHV/RU  ,IWKHS+ RIDVROXWLRQLV LWLVFRQVLGHUHGQHXWUDO
LIWKHS+ LVOHVVWKDQ LWLVFRQVLGHUHGDFLGLF DQGLIWKHS+ LVPRUHWKDQ LWLV
FRQVLGHUHGEDVLF RUDONDOLQH 
7XUIJUDVVSODQWVFDQJURZZHOOZKHQWKHVRLOS+ LVLQWKHUDQJHIURPWR
 7KHUHDUHÀYHWKLQJVWXUIJUDVVPDQDJHUVVKRXOGEHDZDUHRIDERXWVRLOS+
 $WDS+ EHORZ VROXEOHDOXPLQXPLQVRLOVROXWLRQPD\LQFUHDVH DQG
WKDWDOXPLQXPFDQEHWR[LFWRURRWV 7KHUHIRUH WKHVRLOS+ VKRXOGJHQHU
DOO\EHPDLQWDLQHGDWRUDERYH
 $WDS+ RIRUDERYH WKHDONDOLQLW\LVKLJKDQGLVDIIHFWHGE\PRUHWKDQ
FDOFLXPFDUERQDWH DQGWKHUHLVSUREDEO\DVRGLXPSUREOHP


7KHS+ LVUHSUHVHQWHGDVWKHQHJDWLYHORJDULWKPRIWKHK\GURJHQLRQDFWLYLW\LQVROXWLRQ VR
LIWKHDFWLYLW\LVRU  WKHS+ LV LIWKHDFWLYLW\LVRU  WKHS+ LV DQGVRRQ

7KHVRLOS+ DVPHDVXUHGE\WDNLQJWKHS+ RIDVROXWLRQRISDUWGHLRQL]HGZDWHUDQGSDUW
VRLO
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 6RLOPLFURELDODFWLYLW\DQGWKXVWKHGHFRPSRVLWLRQRIRUJDQLFPDWWHULVLQ
FUHDVHGDWKLJKHUS+,IWKHS+ LVEHORZ DQRWKHUUHDVRQWRLQFUHDVHWKH
S+ LVWRVWLPXODWHPLFURELDODFWLYLW\
 6RPHWXUIJUDVVGLVHDVHVDUHPRUHDFWLYHDWPRGHUDWHWRDONDOLQHS+ DQG
DUHVXSSUHVVHGDWORZHUS+
 6RPHPLFURQXWULHQWVVXFKDVLURQ PDQJDQHVH FRSSHU DQG]LQFDUHOHVV
VROXEOHDQGDUHFRQVLGHUHGOHVVDYDLODEOHLQDONDOLQHVRLOV +RZHYHU WXUI
JUDVVURRWVHPLWSK\WRVLGHURSKRUHVWKDWDFWDVQDWXUDOFKHODWLQJDJHQWVWR
REWDLQPLFURQXWULHQWVIURPWKHVRLO $OVR WKHURRWVDGMXVWWKHS+ RIWKH
UKL]RVSKHUHWRDUDQJHPRUHVXLWDEOHIRUPLFURQXWULHQWVROXELOLW\
,QVXPPDU\ WXUIJUDVVPDQDJHUVVKRXOGNQRZWKHVRLOS+ DQGVKRXOGWDNH
VWHSVWRDGMXVWWKHVRLOS+ WREHZLWKLQWKHUDQJHRIWR LILWLVRXWVLGHRI
WKDWUDQJH



'EXMSR)\GLERKI'ETEGMX]

&DWLRQH[FKDQJHFDSDFLW\ &(& LVDPHDVXUHRIWKHVRLO·VDELOLW\WRUHYHUVLEO\
DGVRUEFDWLRQV ,WLV LQVKRUW DPHDVXUHRIWKHVRLO·VQHWQHJDWLYHFKDUJH DQGLW
LVUHSRUWHGLQXQLWVRIPLOOLPROHVRIFKDUJHSHUNLORJUDPRIVRLO RUPPROF NJ 
0LQHUDOHOHPHQWVVXFKDVFDOFLXP PDJQHVLXP DQGSRWDVVLXPDUHGLVVROYHG
LQVRLOVROXWLRQ KHOGRQH[FKDQJHVLWHV DQGWDNHQXSE\WKHSODQWLQWKHLULRQLF
IRUPV FDOFLXPDV&D  PDJQHVLXPDV0J  DQGSRWDVVLXPDV.  7KH&(& RI
WKHVRLOLVLPSRUWDQWEHFDXVHLWJLYHVDQLQGLFDWLRQRIKRZPXFKRIWKHVHPLQHUDO
HOHPHQWVFDQEHKHOGE\WKHVRLO
(YHQLQVDQGURRW]RQHVZLWKORZ&(&VXFKDVWKRVHFRPPRQO\XVHGIRUJROI
FRXUVHSXWWLQJJUHHQV WKHUHDUHUHODWLYHO\KLJKDPRXQWVRIQXWULHQWVKHOGRQWKH
H[FKDQJHVLWHV )RUH[DPSOH DVDQGZLWKDW\SLFDO&(& RIPPROF NJ  LILW
KHOGPPRORI&D  PPRORI0J  DQGPPRORI.  ZRXOGEHKROGLQJD
VXSSO\RIWKRVHHOHPHQWVHTXDOWRSSP &D SSP0J DQGSSP.
$VZHZLOOVHHLQWKHQH[WVHFWLRQ WKRVHDUHPRUHWKDQHQRXJK&D 0J DQG. WR
PHHWWKHUHTXLUHPHQWVRIWKHJUDVV


'LVHDVHVPRUHGDPDJLQJDWKLJKHUS+ LQFOXGHWDNHDOOSDWFK *DHXPDQQRP\FHVJUDPLQLV YDU
DYHQDH RIFUHHSLQJEHQWJUDVVDQGVXPPHUSDWFK 0DJQDSRUWKHSRDH RINHQWXFN\EOXHJUDVV

&(& KDVVRPHWLPHVEHHQUHSRUWHGLQXQLWVRIPLOOLHTXLYDOHQWVRIFKDUJHSHUJUDPVRI
VRLO RULQFHQWLPROHVRIFKDUJHSHUNLORJUDPRIVRLO EXWLWLVPRVWVHQVLEOHWRXVHXQLWVRIPPROF
NJ 

SSPLVRQHSDUWSHUPLOOLRQ HTXLYDOHQWWRPJSHUNJ
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1RQPLQHUDO

0LQHUDO

+\GURJHQ
2[\JHQ
&DUERQ

1LWURJHQ
3KRVSKRUXV
3RWDVVLXP
&DOFLXP
0DJQHVLXP
6XOIXU
%RURQ
&KORULQH
,URQ
0DQJDQHVH
=LQF
&RSSHU
0RO\EGHQXP
1LFNHO



7DEOH  7KHHVVHQWLDOHOHPHQWVIRUSODQWV GLYLGHGLQWRQRQPLQHUDODQGPLQ
HUDO



2YXVMIRXWMRXLI7SMP

*UDVVHVREWDLQWKHPLQHUDOHOHPHQWVWKH\QHHGIURPWKHVRLO 7KHUHDUHHVVHQ
WLDOPLQHUDOHOHPHQWVIRUSODQWV 7DEOH  DQGHVVHQWLDOQRQPLQHUDOHOHPHQWV
7KHQRQPLQHUDOHOHPHQWV K\GURJHQ R[\JHQ DQGFDUERQ DUHWDNHQXSE\SODQWV
DVZDWHURUFDUERQGLR[LGHJDV
6RLOQXWULHQWDQDO\VHV VRLOWHVWV DUHFRQGXFWHGWRGHWHUPLQHKRZPXFKRI
DQHOHPHQWLVDYDLODEOHLQWKHVRLO DQGWRGHWHUPLQHLIWKDWHOHPHQWVKRXOGEH
DSSOLHGDVIHUWLOL]HU DQGKRZPXFKIHUWLOL]HUVKRXOGEHDSSOLHG /HW·VFRQVLGHU
WKHPLQHUDOHOHPHQWVDVLWUHODWHVWRVRLOWHVWV
 1LWURJHQLVWHVWHGLQWKHVRLOEXWWKHIHUWLOL]HUUHFRPPHQGDWLRQLVEDVHGRII
RISUHGLFWHGSODQWUHTXLUHPHQWV 7KLVLVEHFDXVHWKHJUDVVXVHVDOPRVWDOO
RIWKHQLWURJHQWKDWLVDSSOLHG DVVXPLQJQLWURJHQLVDSSOLHGLQUHDVRQDEOH
DPRXQWV DQGWKHUHIRUHWKHDPRXQWRIQLWURJHQLQWKHVRLOLVQRWDJRRG
SUHGLFWRURIKRZPXFKVKRXOGEHDSSOLHGDVIHUWLOL]HU
 7KHDPRXQWRIDYDLODEOHSKRVSKRUXVLVWHVWHGLQWKHVRLOWRGHYHORSDIHU
WLOL]HUUHFRPPHQGDWLRQ
 7KHDPRXQWRIDYDLODEOHSRWDVVLXPLVWHVWHGLQWKHVRLOWRGHYHORSDIHUWLO
L]HUUHFRPPHQGDWLRQ
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 &DOFLXPDQGPDJQHVLXPDUHDOPRVWDOZD\VDWVXIÀFLHQWOHYHOVLQWKHVRLO
ZKHQWKHS+ LVDWRUKLJKHU ,WLVUDUHWRUHTXLUHDSSOLFDWLRQRIWKHVH
HOHPHQWV EXWWKH\DUHPHDVXUHGLQDVRLOWHVW
 7KHDPRXQWRIDYDLODEOHVXOIXU PHDVXUHGDVVXOIDWH LQWKHVRLOLVWHVWHGWR
GHYHORSDIHUWLOL]HUUHFRPPHQGDWLRQ
 %RURQ FKORULQH ]LQF FRSSHU PRO\EGHQXP DQGQLFNHODUHVRPHWLPHVWHVWHG
IRUDQGVRPHWLPHVQRW 7KHVHHOHPHQWVDUHUHTXLUHGLQVXFKVPDOODPRXQWV
E\JUDVVDQG, DPQRWDZDUHRIDQ\GHÀFLHQFLHVRIWKHVHHOHPHQWVHYHURF
FXUULQJ
 ,URQLVRIWHQWHVWHGIRUEXWWKHVRLOWHVWLVUDUHO\XVHGWRGHYHORSDIHUWLOL]HU
UHFRPPHQGDWLRQ
 0DQJDQHVHLVRIWHQWHVWHGIRUDQGWKHFDOFXODWHGPDQJDQHVHDYDLODELOLW\
LQGH[ 0$,  FDQEHXVHGWRGHWHUPLQHLIPDQJDQHVHVKRXOGEHDSSOLHG
$VDJHQHUDOUXOH WKHPRVWLPSRUWDQWWKLQJVWRPHDVXUHLQWKHVRLODUHS+
SKRVSKRUXV DQGSRWDVVLXP ,IWKRVHDUHNQRZQ DQHIIHFWLYHIHUWLOL]HUSURJUDP
FDQEHGHYHORSHG 0RGHUQODERUDWRU\WHFKQLTXHVPDNHLWHDV\WRPHDVXUHD
ORWRIDGGLWLRQDOHOHPHQWVVLPXOWDQHRXVO\ EXWZKDWLVUHDOO\LPSRUWDQWLVS+
SKRVSKRUXV DQGSRWDVVLXP



-RXIVTVIXMRKE7SMP8IWX6ITSVX

'U /DUU\6WRZHOOIURP3$&( 7XUI KWWSZZZSDFHWXUIRUJ DQG, KDYH
GHYHORSHGWKHPLQLPXPOHYHOVIRUVXVWDLQDEOHQXWULWLRQ 0/61 JXLGHOLQHVIRU
LQWHUSUHWLQJ0HKOLFKVRLOWHVWUHVXOWVIRUWXUIJUDVV 7KH0/61 JXLGHOLQHV
DUHVLPSOH DQGWKH\DUHEDVHGRQDULJRURXVUHYLHZRIVRLOWHVWVIURPJRRG
SHUIRUPLQJWXUIJUDVVVLWHV )URPDGDWDEDVHRIRYHUVRLOVDPSOHV ZHVH
OHFWHGWKRVHWKDWDUHFODVVLÀHGDVKDYLQJJRRGWXUI WKDWKDYHDS+ LQWKHUDQJHRI
WR DQGWKRVHZLWKDORZHVWLPDWHGFDWLRQH[FKDQJHFDSDFLW\RIOHVVWKDQ
PPROF NJ  7KLVVHOHFWHGDERXWVDPSOHV IURPZKLFK'U 6WRZHOOÀWD
ORJORJLVWLFPRGHOWRWKHREVHUYHGVRLOWHVWGDWD 7KLVDOORZVXVWRGHÀQHWKHVRLO
QXWULHQWFRQFHQWUDWLRQDWZKLFKDFHUWDLQDPRXQWRIWKHVRLOWHVWVDUHDERYHRU
EHORZDFHUWDLQOHYHO


7KH0$, LVFDOFXODWHGEDVHGRQ0HKOLFKH[WUDFWDQWGDWDDV0$,  S+ 
 0QSSP

7KH0HKOLFKH[WUDFWLQJVROXWLRQLVDZLGHO\XVHGVWDQGDUGPHWKRGIRUVRLOWHVWVDQGWKH
VROXWLRQFRQWDLQV 1 DFHWLFDFLG  1 DPPRQLXPQLWUDWH  1 DPPRQLXPÁRXULGH 
1 QLWULFDFLG DQG 0 ('7$ ZLWKDS+ RI

1RWHWKDWWKHVHJXLGHOLQHVDUHRQO\UHOHYDQWIRUWHVWVFRQGXFWHGZLWKWKH0HKOLFKH[WUDFWDQW
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(OHPHQW
3RWDVVLXP
3KRVSKRUXV
&DOFLXP
0DJQHVLXP
6XOIXU



0/61 SSP






7DEOH  7KHPLQLPXPOHYHOVIRUVXVWDLQDEOHQXWULWLRQ 0/61 JXLGHOLQHVDVRI
6HSWHPEHU
)RUWKH0/61 JXLGHOLQHV 7DEOH   ZHFKRVHWKHOHYHOWRVHWWKHWDU
JHWJXLGHOLQHV PHDQLQJWKDWRIWKHVDPSOHVLQWKHGDWDEDVHZHUHEHORZ
WKHJXLGHOLQHEXWZHUHVWLOOSHUIRUPLQJZHOO 7KHJRDORIWKH0/61 JXLGHOLQHV
LVWRSURYLGHDVFLHQWLÀFDQGGDWDEDVHGDSSURDFKWRLQWHUSUHWLQJVRLOWHVWVIRU
WXUIJUDVVVLWHV PDNLQJVXUHWKDWWKHUHLVDKLJKSUREDELOLW\RIJRRGWXUIJUDVV
SHUIRUPDQFH ZKLOHPLQLPL]LQJXQQHFHVVDU\DSSOLFDWLRQRIIHUWLOL]HU
7KHWXUIJUDVVURRW]RQHLVRIWHQDWDGHSWKRIDERXWFP ,QWKDWFDVH LQ
DVDQGURRW]RQH P WRDGHSWKRIFPKDVDPDVVRINJ 2QHJUDPRI
DQ\HOHPHQWDSSOLHGWRP DQGGLVWULEXWHGHYHQO\WKURXJKRXWWKHWRSFPLV
H[SHFWHGWRLQFUHDVHWKHDPRXQWRIWKDWHOHPHQWLQWKHVRLOE\SSP /LNHZLVH
WKHKDUYHVWLQJRIWKDWHOHPHQWZLOOGHFUHDVHWKHDPRXQWRIWKDWHOHPHQWLQWKH
VRLOE\SSPIRUHDFKJUDPRIHOHPHQWKDUYHVWHGLQP 



)PIQIRXEP'SRXIRXSJ8YVJKVEWW0IEZIW

,QWKHGU\PDWWHURIWXUIJUDVVOHDYHV DIWHUWKHOHDIZDWHUKDVHYDSRUDWHG ZHFDQ
H[SHFWWKHDSSUR[LPDWHFRQFHQWUDWLRQVRIPLQHUDOHOHPHQWVWREHDVVKRZQLQ
7DEOH 
%DVHGRQWKHDPRXQWRIPLQHUDOHOHPHQWVLQWKHOHDYHV DQGWKHHVWLPDWHG
DPRXQWRIFOLSSLQJVKDUYHVWHGDQGUHPRYHGSHU\HDU ZHFDQHVWLPDWHWKHDPRXQW
RIHOHPHQWVUHPRYHGIURPWKHVRLOHDFK\HDU :HFDQDOVRFRQYHUWWKH0/61
JXLGHOLQH QRUPDOO\VKRZQLQSSP WRDPDVVRIHOHPHQWLQXQLWVRIJP  7KLV
LQIRUPDWLRQWHOOVXVKRZPXFKRIDQHOHPHQWLVLQWKHVRLODQGKRZPXFKZH
KDUYHVWHDFK\HDUWKURXJKFOLSSLQJUHPRYDO
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1LWURJHQ
3RWDVVLXP
3KRVSKRUXV
&DOFLXP
0DJQHVLXP
6XOIXU
,URQ
0DQJDQHVH










7DEOH  (VWLPDWHGHOHPHQWDOFRQWHQWRIWXUIJUDVVOHDYHV



+VS[XL4SXIRXMEPEWE8SSPXS4VIHMGX2MXVSKIR6IUYMVI
QIRXW

7KHJURZWKSRWHQWLDO (TXDWLRQV  DQG  ZDVGHYHORSHGE\3$&( 7XUIWRGH
VFULEHWKHUHODWLRQVKLSEHWZHHQWXUIJUDVVJURZWKDQGWHPSHUDWXUH &RROVHDVRQ
& JUDVVHVKDYHWKHLUJUHDWHVWJURZWKUDWHZKHQWKHWHPSHUDWXUHLVDERXWǅ
ZLWKVORZHUJURZWKDWORZHURUKLJKHUWHPSHUDWXUHV ZDUPVHDVRQJUDVVHV &
KDYHWKHLUJUHDWHVWJURZWKUDWHZKHQWKHWHPSHUDWXUHLVDERXWǅ ZLWKVORZHU
JURZWKDWFRROHUWHPSHUDWXUHV 7KHJURZWKSRWHQWLDOHTXDWLRQVSURYLGHDVLPSOH
ZD\WRSUHGLFWWKDWJURZWK
t−to 2

GP = e−0.5( var )



*3 JURZWKSRWHQWLDO RQDVFDOHRIWR
H  DPDWKHPDWLFDOFRQVWDQW
W DFWXDOWHPSHUDWXUH
WR RSWLPXPWHPSHUDWXUH IRU& JUDVV IRU& JUDVV
YDU DGMXVWVWKHFKDQJHLQ*3 DVWHPSHUDWXUHPRYHVDZD\IURPWR  , XVHIRU
& DQGIRU&
7KLVHTXDWLRQJLYHVWKHVDPHUHVXOW

1


t−to 2
e0.5( var )
:HFDQPDNHXVHRIWKHJURZWKSRWHQWLDOE\UHODWLQJWKHQLWURJHQUHTXLUH
PHQWRIWKHJUDVVWRWKHJURZWKSRWHQWLDO (PSLULFDOREVHUYDWLRQVRIWXUIJUDVV
JURZWKUDWHVDQGQLWURJHQDPRXQWVWRFUHDWHWKHGHVLUHGSOD\LQJFRQGLWLRQVIRU

GP =



6285&(6 2) $'',7,21$/ ,1)250$7,21



JROIFRXUVHWXUILQJLYHXVDPD[LPXPPRQWKO\QLWURJHQXVHUDWH RIDERXW
J1 P IRUFUHHSLQJEHQWJUDVVDQGJ1 P IRUVHDVKRUHSDVSDOXPDQG
EHUPXGDJUDVV :HFDQWKHQVLPSO\FDOFXODWHWKHHVWLPDWHGQLWURJHQUHTXLUH
PHQWIRUDJLYHQDPRXQWRIWLPHE\PXOWLSO\LQJWKHJURZWKSRWHQWLDOWLPHVWKH
PD[LPXPQLWURJHQUDWH
7KHJURZWKSRWHQWLDOFDQEHFDOFXODWHGRQDGDLO\ ZHHNO\ RUPRQWKO\ED
VLV ZLWKDFRUUHVSRQGLQJQLWURJHQUHTXLUHPHQW WRHVWLPDWHKRZPXFKQLWURJHQ
IHUWLOL]HUPD\EHUHTXLUHGE\WKHJUDVVGXULQJWKDWWLPHSHULRG 1RWHWKDWWKHVH
HVWLPDWHVDUHRIKRZPXFKQLWURJHQWKHJUDVVZLOOXVH VRIHUWLOL]HUQLWURJHQDS
SOLFDWLRQVVKRXOGEHPDGHLQDGYDQFHWRVXSSO\WKHGHVLUHGDPRXQWRIQLWURJHQ
GXULQJWKHJLYHQWLPHSHULRG



7SYVGIWSJ%HHMXMSREP-RJSVQEXMSR

/LQNVWRDGGLWLRQDOLQIRUPDWLRQVSHFLÀFWRWKLVSURJUDPLQFOXGLQJFRSLHVRIPD
WHULDOVIURPWKHSURJUDP SKRWRV DQGVXSSOHPHQWDOUHDGLQJDUHDOODYDLO
DEOHDW KWWSZZZLQDVLDQWXUIJUDVVFRP )RUJHQHUDOUHDGLQJDERXWWXU
IJUDVVPDQDJHPHQW WKHDUFKLYHVRIWKH *UHHQ6HFWLRQ5HFRUG IURPWRWKH
SUHVHQWDUHDQH[FHOOHQWUHVHDUFK DQGDUHVHDUFKDEOHE\WRSLFRUNH\ZRUGDOVR
KWWSWXUIOLEPVXHGXJVU



7KHVHHVWLPDWHVDUHJHQHUDODQGRQO\VHUYHDVDVWDUWLQJSRLQW (YHU\JROIFRXUVHZLOOKDYH
DVOLJKWO\GLIIHUHQWPD[LPXPOHYHO EDVHGRQWKHGHVLUHGJURZWKUDWHRIWKHJUDVV :HFDQPDNH
WKHJUDVVJURZIDVWHUZLWKPRUHQLWURJHQ DQGVORZHUZLWKOHVVQLWURJHQ DQGWKHVHYDOXHVDUH
EDVHGRQVWDQGDUGFRQGLWLRQV

7YWXEMREFPI-VVMKEXMSR7XVEXIKMIWJSV(IZIPSTMRK
,MKL5YEPMX]4PE]MRK7YVJEGIW
(SYK7SPHEX 4L(
1EVGL
,QFUHDVLQJSRSXODWLRQJURZWKDQGFOLPDWHFKDQJHDUHSXWWLQJSUHVVXUHRQ
SRWDEOHZDWHUVXSSOLHVZRUOGZLGH 0DQ\JROIFRXUVHVDUHQRZIDFHGZLWKPDQ
GDWHVWRUHGXFHWKHDPRXQWRIZDWHUXVHGRQWKHODQGVFDSH 7RRYHUFRPHWKHVH
QHZFKDOOHQJHV JROIFRXUVHVPXVWOHDUQWRDGDSWSUDFWLFHVDQGWHFKQRORJLHVWKDW
PLQLPL]HWKHXVHRIZDWHUZKLOHVXVWDLQLQJKLJKTXDOLW\SOD\LQJVXUIDFHV )RU
WXQDWHO\ WKHVHWZRJRDOVDUHQRWPXWXDOO\H[FOXVLYH DQGDUHRIWHQFRPSOHPHQ
WDU\ 7KHGRFXPHQWEHORZRXWOLQHVVHYHUDOVWUDWHJLHVIRULQFUHDVLQJZDWHUXVH
HIÀFLHQF\DQGDVVHVVLQJDQGPDQDJLQJSRRUTXDOLW\ZDWHUVRXUFHV

;EXIV5YEPMX]
7KHÀUVWVWHSLQGHYHORSLQJDVXVWDLQDEOHLUULJDWLRQSODQLVWRDVVHVVWKHTXDOLW\
RIWKHLUULJDWLRQZDWHUVRXUFH 7KHWZRSULPDU\SUREOHPVDVVRFLDWHGZLWKSRRU
TXDOLW\LUULJDWLRQZDWHUTXDOLW\DUHVDOLQLW\ ZDWHUGHÀFLW DQGVRGLFLW\ VRGLXP
KD]DUG  7RRPXFKVDOLQLW\LQLUULJDWLRQZDWHUZLOOOHDGWRDFFXPXODWLRQRIVDOWV
LQWKHVRLOVROXWLRQZKLFKZLOOGHFUHDVHWKHSODQW·VDELOLW\WRH[WUDFWZDWHUIURP
WKHVRLO ([FHVVVRGLXPZLOOOHDGWRWKHGLVSHUVLRQRIVRLOSDUWLFOHVOHDGLQJWR
UHGXFHGSRUHVSDFHV 7KLVSURFHVVLVHVVHQWLDOO\FKHPLFDOFRPSDFWLRQRIVRLOV
$OWKRXJKZHW\SLFDOO\DVVRFLDWHVDOLQLW\ZLWKVRGLXP LUULJDWLRQZDWHUVFDQ
EHORZLQVRGLXPEXWKLJKLQVDOLQLW\RUKLJKLQVRGLXPEXWORZLQVDOLQLW\
6DOLQLW\DQGVRGLXPDUHWZRVHSDUDWHSUREOHPV
7KLVGRFXPHQWZDVZULWWHQDQGGLVWULEXWHGDVDKDQGRXWDWWKH6XVWDLQDEOH7XUIJUDVV0DQ
DJHPHQWLQ$VLDFRQIHUHQFHE\'U 'RXJ6ROGDWIURPWKH'HSDUWPHQWRI6RLO6FLHQFHDWWKH
8QLYHUVLW\RI:LVFRQVLQ





-QTSVXERX;EXIV5YEPMX]4EVEQIXIVWSRE;EXIV8IWX6ITSVX
(OHFWULFDO&RQGXFWLYLW\ (OHFWULFDOFRQGXFWLYLW\ (& LVDSDUDPHWHUGLUHFWO\UH
ODWHGWRWKHDPRXQWRIVDOWVLQDZDWHUVDPSOH ,WLVDGLUHFWLQGLFDWLRQRI
WKHSRWHQWLDOIRUVDOLQLW\SUREOHPV
7RWDO'LVVROYHG6ROLGV 7'6 7RWDOGLVVROYHGVROLGV VRPHWLPHVFDOOHGWRWDOVRO
XEOHVDOWV LVFDOFXODWHGE\PXOWLSO\LQJ(& E\ 7KLVQXPEHUDGGVQR
QHZLQIRUPDWLRQDQGLVRQO\LQFOXGHGDV´LPSRUWDQWµEHFDXVHVRPHZDWHU
TXDOLW\LQWHUSUHWDWLRQJXLGHOLQHVFKRRVHWRUHSRUWVDOLQLW\WROHUDQFHVEDVHG
RQ7'6 LQVWHDGRI(&
6RGLXP$GVRUSWLRQ5DWLR 7KHVRGLXPDGVRUSWLRQUDWLRLVDFDOFXODWLRQRIWKH
DPRXQWRIVRGLXPLQWKHZDWHUUHODWLYHWRFDOFLXPDQGPDJQHVLXP (TXD
WLRQVKRZVWKHFDOFXODWLRQRI6$5XQLWVRILQGLYLGXDOLRQVVKRXOGEHLQ
PHT/6RPHZDWHUWHVWUHSRUWVOLVWWKHDGMXVWHG6$5 RU6$5 DGM  7KLV
SDUDPHWHUWDNHVLQWRDFFRXQWWKHELFDUERQDWHFRQWHQWRIWKHZDWHUDQGDQ
WLFLSDWHVVRPHGHJUHHRIFDOFLXPFDUERQDWHSUHFLSLWDWLRQLQWKHVRLO &DO
FLXPFDUERQDWHSUHFLSLWDWLRQZLOOOHDGWRDQLQFUHDVHGUDWLRRIVRGLXPWR
FDOFLXPDQGPDJQHVLXP +RZHYHU UHVHDUFKKDVVKRZQWKDWWKH6$5 DGM
YDOXHRYHUHVWLPDWHVVRGLXPKD]DUGE\DIDFWRURIWZR ,I6$5 DGMLVUH
SRUWHG DWXUIPDQDJHUVKRXOGGLYLGHWKDWQXPEHUE\WRJHWDPRUHUH
DOLVWLFYDOXHIRU6$57KHPRVWDSSURSULDWHHVWLPDWHRIVRGLFLW\LVFDOOHG
´DGM51DµEXWXQIRUWXQDWHO\ WKLVSDUDPHWHULVUDUHO\UHSRUWHGE\ZDWHU
WHVWLQJODERUDWRULHV
,QGLYLGXDO1XWULHQWVRU3RWHQWLDO7R[LFDQWV %RURQLVWKHHOHPHQWWKDWKDVWKH
JUHDWHVWSRWHQWLDOWRFDXVHWR[LFLW\WRWXUIJUDVV ,WFDQEHGHWULPHQWDOLI
IRXQGDERYHPJNJLQWKHVRLO 7XUIJUDVVJURZWKFDQEHLQKLELWHGE\
OHYHOVH[FHHGLQJPJNJRI&KORULGHLQWKHVRLO +RZHYHU FKORULGH
OHYHOVZLOOEHFORVHO\UHODWHGWRHOHFWULFDOFRQGXFWLYLW\PHDVXUHPHQWV

SAR = !

N a+
Ca+2 +M g +2
2



9RMQTSVXERX;EXIV5YEPMX]4EVEQIXIVWSRE;EXIV8IWX6I
TSVX
:DWHUS+ S+ LVQRWYHU\XVHIXODVDQLQGLFDWRURIZDWHUTXDOLW\ $OWKRXJKKLJK
S+ FDQEHLQGLFDWLYHRIVRGLXPSUREOHPV LWLVPRUHXVHIXOWRORRNDW6$5
IRUSRWHQWLDOVRGLXPSUREOHPVDQG(& IRUSRWHQWLDOVDOLQLW\SUREOHPV


+DUGQHVV +DUGQHVVLVDPHDVXUHRIWKHDPRXQWRIFDOFLXPDQGPDJQHVLXPLQ
WKHZDWHU 7KHVHWZRQXWULHQWVDUHQRWGHWULPHQWDOWRWXUIJUDVV DQGWKHLU
RQO\YDOXHRQDZDWHUWHVWUHSRUWLVIRUWKHFDOFXODWLRQRI6$5ZKLFKLVDO
UHDG\UHSRUWHG +DUGQHVVDGGVQRXVHIXOLQIRUPDWLRQDQGGHFLVLRQVDERXW
ZDWHUPDQDJHPHQWVKRXOGQRWEHPDGHEDVHGXSRQLW
%LFDUERQDWH %LFDUERQDWHKDVQRGHWULPHQWDOHIIHFWRQVRLOVRUZDWHU ,W·VRQO\
XVHLVIRUFDOFXODWLQJDQDGMXVWHG6$5 YDOXH ZKLFKLVRIWHQGLUHFWO\UH
SRUWHGRQWKHZDWHUWHVWUHSRUW 7KHUHLVQRWKUHDWWRKLJKOHYHOVRIELFDU
ERQDWHLIWKH6$5 YDOXHLVDFFHSWDEOH
&DUERQDWH &DUERQDWHLRQV &2  DUHQHDUO\LGHQWLFDOWRELFDUERQDWHLRQV +&2  
$VS+ LQFUHDVHVELFDUERQDWHWUDQVIRUPVLQWRFDUERQDWH &DUERQDWHLVQRW
PHDVXUHGE\WKHZDWHUWHVWLQJODE EXWLVFDOFXODWHGEDVHGRQWRWDODONDOLQ
LW\DQGS+ RIWKHVXEPLWWHGVDPSOH /LNHELFDUERQDWHWKHUHDUHQRNQRZQ
QHJDWLYHGLUHFWHIIHFWVRIHOHYDWHGFDUERQDWH +RZHYHU HOHYDWHGFDUERQ
DWHOHYHOVDUHXVXDOO\LQGLFDWLYHRIKLJKVRGLXP %HFDXVHVRGLXPDQG6$5
DUHUHSRUWHGRQWKHZDWHUWHVWUHSRUW WKHUHLVQRQHHGIRUVXFKLQGLUHFW
LQGLFDWRUV
5HVLGXDO6RGLXP&DUERQDWH 56& 7KLVRIWHQPLVXQGHUVWRRGSDUDPHWHULVQRWK
LQJPRUHWKDQDQLQGLUHFWHVWLPDWLRQRIWKHDPRXQWRIVRGLXPLQDZDWHU
VDPSOH $ SRVLWLYH56& YDOXHVLQGLFDWHVWKHSUHVHQFHVRIH[FHVVVRGLXP
ZKLOHD]HURRUQHJDWLYHYDOXHLQGLFDWHVORZFRQFHUQIRUVRGLXPRUSHUPH
DELOLW\KD]DUG %HFDXVHVRGLXPDQG6$5 DUHDOZD\VUHSRUWHGRQDZDWHU
WHVWUHSRUW WKLVPHDVXUHPHQWDGGVQRQHZLQIRUPDWLRQ

7EPMRMX]1EREKIQIRX
$ VDOLQLW\SUREOHPZLOOGHYHORSZKHQWKHVDOLQLW\RIWKHVRLOVROXWLRQSDVVHVD
WKUHVKROGOHYHO 7KHWKUHVKROGDWZKLFKSUREOHPVZLOORFFXULVGHSHQGHQWRQ
WXUIJUDVVWROHUDQFHWRVDOLQLW\ 2EYLRXVO\RQHVROXWLRQWRVDOLQLW\SUREOHPVLV
WRSODQWPRUHVDOWWROHUDQWJUDVVHVRUSODQWPDWHULDO 6HDVKRUHSDVSDOXPLVQR
WRULRXVO\VDOWWROHUDQW DOWKRXJKLWLVOHVVGURXJKWWROHUDQWWKDQEHUPXGDJUDVV
+RZHYHU UHHVWDEOLVKLQJLVQRWRIWHQIHDVLEOH DQGWKHQOHDFKLQJEHFRPHVWKH
SULPDU\VROXWLRQWRPDQDJLQJKLJKVDOLQLW\OHYHOV /HDFKLQJLVWKHDSSOLFDWLRQ
RIZDWHULQH[FHVVRISODQWUHTXLUHPHQWV 7KHPRVWUHOLDEOHHVWLPDWHRISODQW
UHTXLUHPHQWVLVHYDSRWUDQVSLUDWLRQ (7 7RFDOFXODWHWKHDPRXQWRILUULJDWLRQ
ZDWHUWRDSSO\WRDOOHYLDWHDVDOLQLW\SUREOHP \RXQHHGWRNQRZWKHVDOLQLW\WRO
HUDQFHRIWKHSODQW (&WKUHV  G6P DQGWKHVDOLQLW\RIWKHLUULJDWLRQZDWHU (&Z 


6DOLQLW\+D]DUG

&RPPHQWV

/RZ
0HGLXP

1RGHWULPHQWDOHIIHFWVH[SHFWHG
6DOWVWUHVVRQVHQVLWLYHSODQWV
PDQDJHDEOHE\PRGHUDWHOHDFKLQJ
6DOWVWUHVVRQPRVWSODQWV OHDFKLQJ
DQGJRRGGUDLQDJHQHFHVVDU\
8QDFFHSWDEOHIRUPRVWSODQWV
JRRGGUDLQDJH IUHTXHQWOHDFKLQJUHTXLUHG

+LJK
9HU\+LJK

(&Z G6P

²
²
!

7DEOH  ,UULJDWLRQZDWHUJXLGHOLQHVIRUSUHGLFWLQJVDOLQLW\SUREOHPV
G6P  8VHWKHVHWZRYDOXHVWRFDOFXODWHWKHSHUPLVVLEOHURRW]RQHFRQFHQWUD
WLRQIDFWRU )F DVVKRZQEHORZ
)F (&WKUHV (&Z
,ILUULJDWLRQLVDSSOLHGLQIUHTXHQWO\ [ZHHN  XVHWKHIROORZLQJHTXDWLRQ
WRFDOFXODWHWKHOHDFKLQJUHTXLUHPHQW
/HDFKLQJUHTXLUHPHQW )F 
,ILUULJDWLRQLVDSSOLHGIUHTXHQWO\ ![ZHHN  XVHWKHIROORZLQJHTXDWLRQWR
FDOFXODWHWKHOHDFKLQJUHTXLUHPHQW
/HDFKLQJUHTXLUHPHQW )F 
7KHIROORZLQJLVDQH[DPSOHLIZHLUULJDWHIUHTXHQWO\ JURZVHDVKRUHSDV
SDOXPZLWKDQ(&WKUHV RI DQGKDYHDQLUULJDWLRQZDWHUZLWKDQ(&Z RI
)F  
/HDFKLQJUHTXLUHPHQW  
7KLVPHDQVWKDWZHVKRXOGDSSO\RUPRUHWKDQWKHSODQWUHTXLUH
PHQWV ,I(7 HVWLPDWHVWKDWSODQWUHTXLUHPHQWVZHUHPPEHWZHHQLUULJDWLRQ
HYHQWV WKHPDQDJHUVKRXOGDSSO\PPWRUHGXFHVDOLQLW\KD]DUG PP[
 PP 


7XUIJUDVV6SHFLHV
=R\VLD VSS ]R\VLDJUDVV
&\QRGRQGDFW\ORQ EHUPXGDJUDVV
3DVSDOXPYDJLQDWXP VHDVKRUHSDVSDOXP

7KUHVKROG6RLO6DOLQLW\ G6P




7DEOH  6RLOVDOLQLW\WKUHVKROGVRIWXUIJUDVVHV $GDSWHGIURP&DUURZDQG'XQ
FDQ  9DOXHVDUHHVWLPDWHVDQGDFWXDOVDOLQLW\WROHUDQFHVFDQYDU\FRQVLG
HUDEO\ )RUH[DPSOHDOWKRXJKWKHWKUHVKROGIRUEHUPXGDJUDVVLVUHSRUWHGDW
EHUPXGDJUDVVKDVEHHQNQRZQWRJURZYLJRURXVO\LQVRLOVZLWK(&H RI DQG
VHDVKRUHSDVSDOXPXSWR 

7SHMGMX]1EREKIQIRX
7KHVROXWLRQWRDVRLOVRGLFLW\SUREOHPLVWRUHSODFHWKHVRGLXPRQWKHVRLOH[
FKDQJHVLWHVZLWKFDOFLXP 7DEOHVKRZVWKHH[FKDQJHDEOHVRGLXPSHUFHQW
DJHVWKDWFRUUHVSRQGWRORZ PHGLXP DQGKLJKULVNRIVRGLFLW\SUREOHPV 7KH
(63 FDQEHGHWHUPLQHGIURPDVLPSOHVRLOWHVW 7RORZHU(63DFDOFLXPVRXUFH
VKRXOGEHDSSOLHG *\SVXP &D62 LVWKHSUHIHUUHGFDOFLXPVRXUFHEHFDXVH
LWLVPRUHPRELOHWKDQRWKHUVRXUFHVOLNHFDOFLXPFDUERQDWH 6XEVWDQWLDOZDWHU
LQÀOWUDWLRQLVQHFHVVDU\WRH[FKDQJHFDOFLXPIRUVRGLXP 7KHUHIRUH FRUHFXOWLYD
WLRQLVUHFRPPHQGHGEHIRUHDSSO\LQJWKHFDOFLXPVRXUFHWRDOORZIRUZDWHUDQG
FDOFLXPVRXUFHSHQHWUDWLRQLQWRWKHFXOWLYDWLRQYRLGV 3UHYHQWLRQRIVRGLFLW\FDQ
EHDFKLHYHGE\DGGLQJFDOFLXPWRLUULJDWLRQZDWHUWRDFKLHYHDQDFFHSWDEOH6$5
RUE\EOHQGLQJXQVXLWDEOHZDWHUZLWKDKLJKHUTXDOLW\VRXUFH 3HULRGLFDSSOLFD
WLRQVRIJ\SVXPZLOOEHQHFHVVDU\LIZDWHUZLWKKLJK6$5 PXVWEHXVHG 6DQG
VRLOVDUHPXFKOHVVVXVFHSWLEOHWRSHUPHDELOLW\SUREOHPVWKDQFOD\VRLOV 7DEOH
VKRZVHVWLPDWHGJ\SVXPUHTXLUHPHQWV

;EXIV5YERXMX]
7KHVHFRQGDVSHFWWRVXVWDLQDEOHZDWHUPDQDJHPHQWLVZDWHUTXDQWLW\ 7KHEHVW
SOD\LQJVXUIDFHVDUHÀUP EXWZLOOKROGDZHOOSOD\HGDSSURDFKVKRW ,WLVZHOO
NQRZQWKDWSOD\LQJVXUIDFHÀUPQHVVLVKLJKO\GHSHQGHQWRQVRLOPRLVWXUHFRQ
WHQW $OVR GU\VXUIDFHVWHQGWRVXSSRUWKHDOWKLHUWXUIJUDVV 5HVHDUFKKDVVKRZQ
WKDWZKHQVRLOLVDOORZHGWRGU\EHWZHHQLUULJDWLRQHYHQWV WKHWXUIJUDVVGHYHORSV
GHHSHU KHDOWKLHUURRWV DQGEHFRPHVPRUHWROHUDQWRIDELRWLFDQGELRWLFVWUHVV
$FKLHYLQJGU\ ÀUPSOD\LQJVXUIDFHVUHTXLUHVJRRGZDWHUPDQDJHPHQW :DWHU
PDQDJHPHQWLQFOXGHVGHWHUPLQLQJWKHSURSHUDPRXQWRILUULJDWLRQZDWHUWRDS
SO\DQGZKHQWRDSSO\LW ,WDOVRLQFOXGHVGHWHUPLQLQJWKHDSSURSULDWHXVHRI


6RGLXP+D]DUG

&RPPHQWV

1RQH

6RLOVWUXFWXUHQRW
QHJDWLYHO\DIIHFWHGE\VRGLXP
'HJUHHRISHUPHDELOLW\
GHFUHDVHVDV(63 LQFUHDVHV
IURPWR
3HUPHDELOLW\UHVWULFWHGGXH
WRKLJKGHJUHHRI
H[FKDQJHDEOHVRGLXP

,QFUHDVLQJ

6HYHUH

([FKDQJHDEOH6RGLXP
3HUFHQWDJH (63

WR

!

7DEOH  3HUPHDELOLW\KD]DUGRIVRLODVHVWLPDWHGE\H[FKDQJHDEOHVRGLXPSHU
FHQWDJH (63 

VRLOVXUIDFWDQWVRUZHWWLQJDJHQWV

-VVMKEXMSR7GLIHYPMRK
'HWHUPLQLQJWKHSURSHUWLPLQJDQGDPRXQWRIZDWHUWRDSSO\LVRQHRIWKHPRVW
GLIÀFXOWDVSHFWVRIWXUIJUDVVPDQDJHPHQW :DWHUUHTXLUHPHQWVYDU\WUHPHQ
GRXVO\GHSHQGLQJRQJUDVVVSHFLHV PDQDJHPHQW HVSHFLDOO\PRZLQJKHLJKW 
PLFURFOLPDWH DQGVRLOFRQGLWLRQV 7KHEHVWZD\WRGHWHUPLQHKRZPXFKZDWHU
WRDSSO\LVWKURXJKGDLO\HYDSRWUDQVSLUDWLRQ (7 HVWLPDWHV (YDSRWUDQVSLUDWLRQ
LVUHSRUWHGLQPPDQGLVDQHVWLPDWHRIWKHZDWHUORVWWKURXJKWKHVRLO HYDS
RUDWLRQ DQGWKHSODQW WUDQVSLUDWLRQ  0HDVXULQJWKHDFWXDO(7 LVGLIÀFXOW EXW
DFFXUDWHHVWLPDWHVRI(7 FDQEHKDGE\LQVWDOOLQJDFRPSXWHUFRQWUROOHGZHDWKHU
VWDWLRQWKDWUHFRUGWHPSHUDWXUH SUHFLSLWDWLRQ KXPLGLW\ ZLQGVSHHG DQGVRODU
UDGLDWLRQ (YDSRWUDQVSLUDWLRQLVUHSRUWHGDVPPGD\DQGFDQEHXVHGWRGH


YHORSDZDWHUEXGJHW )RUH[DPSOH WXUIJUDVVJURZLQJGXULQJDZHHNZLWKRXW
UDLQPLJKWH[SHULHQFHPPRI(7,QWKDWFDVHWKHWXUIPDQDJHUVKRXOGDLPWR
UHSODFH²RIWKDWDPRXQWZLWKLUULJDWLRQ ,ILWKDSSHQHGWRUDLQPP
WKDWZHHN QRLUULJDWLRQZRXOGEHUHTXLUHG
,I(7 HVWLPDWHVDUHQRWUHDGLO\DYDLODEOH WXUIJUDVVPDQDJHUVVKRXOGXVHD
KDQGKHOGVRLOPRLVWXUHPHWHUWRWUDFNVRLOPRLVWXUHFRQWHQW 0DNLQJREVHU
YDWLRQVRIWKHVRLOPRLVWXUHFRQWHQWZKHQWXUIJUDVVEHJLQVWRZLOWZLOOWUDLQWKH
PDQDJHUWRDQWLFLSDWHLUULJDWLRQQHHGV :LOWHGWXUIJUDVVFDQEHHDVLO\VSRWWHGE\
ORRNLQJIRUDEOXLVKFRORU IROGHGJUDVVEODGHV RUIRRWSULQWPDUNVZKLFKSHUVLVW
IRUVHYHUDOPLQXWHVDIWHUWKHWXUIKDVEHHQZDONHGDFURVV ,IDVRLOFRUHLVGU\WR
DGHSWKRIFP ZDWHUVWUHVVLVOLNHO\
%HUPXGDJUDVVLVPRUHWROHUDQWRIGU\VRLOVWKDQVHDVKRUHSDVSDOXP 7KHUH
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Understanding The Different
Wetting Agent Chemistries
A surfactant is a wetting agent but a wetting agent may not be a surfactant. surprised?
BY STANLEY J. ZONTEK AND DR. STANLEY J. KOSTKA

W

etting agent: “Any compound
that causes a liquid to spread
more easily across or penetrate into the surface of a solid by
reducing the surface tension of the
liquid.”
Today’s golf course superintendent
has a dizzying array of wetting agent
products available to purchase. As a
general class of turf care products,
wetting agents are one of the more
frequently used on golf courses. Common sense would suggest that not
every surfactant or wetting agent is the
same. Ironically, all of our turf care
fungicides, herbicides, and insecticides
are organized into their own classifications, i.e., the DMI fungicides, the
strobilurins, the phosphites, etc.
Wouldn’t it be nice if we could also
group wetting agents and surfactants
into the appropriate category of the
different chemistries from which they
are derived? That is the purpose of this
article.
Over the years, there has been a
gradual change in the type of soils
used for golf course construction and
maintenance. We have evolved from
using the old, blended topsoils of years
ago (typical manufactured topsoils
were 1-1-1 by volume mixes of sand,
soil, and peat) to near straight sand
soils used today. Sandier soils are
used for the construction of greens
and tees and even sand capping of
fairways. The same sandier soils are
used for topdressing of these areas as
well. Sands have replaced soils. That’s
the bottom line. Sandy soils tend to
naturally be, or become, hydrophobic
(water repelling) in contrast to topsoils,
which are less so inclined.
One of the most frequently asked
questions of USGA Green Section
agronomists is, “Which is the best
wetting agent product to use?” In a
TGIF Record Number

Diagnosing localized dry spot and hydrophobic dry patch in the field can be
relatively straightforward, especially when noting dew patterns on the grass.
Where dew exists, there is good soil moisture. By contrast, only a few inches
away, there is no dew on the turf. It is time to test the areas using a soil probe.
See next image. The grass is “talking to you.”
Areas without dew are powder
dry (on left) whereas samples
taken in the adjacent area with
dew shows good soil moisture.
The powdery dry soil is
hydrophobic, or water repelling.
No amount of water will rewet
the dry area. A wetting agent is
needed, preferably in
combination with some form of
surface aeration, to rewet the
soil, control turf wilt (and
decline), to save labor in hand
watering, and to improve turf
appearance and playability.
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(Left) Note the dew pattern on this wetting agent and soil surfactant test area. While a wetting agent is a surfactant, it only
wets. A surfactant can do more than just rewet the soil. (Right) Dry spots and uneven wetting can be a problem on any area of
the golf course, including greens, tees, roughs, and, in this case, a fairway. While all soil types can become hydrophobic,
sandier soils (which inherently hold less water anyway) seem to have the most severe problems. While there is a trend
towards “firm, dry, and fast,” there are situations where turf suffers permanent wilt. Turf loss is the result, especially when golf
carts drive through wilting grass. Wetting agents and soil surfactants can be used to rewet the area, allow for more even soil
wetting over time, and keep the problem from reoccurring in the future.
word, it “depends.” Specifically, it
depends upon what you want that
product to accomplish. Is it to rewet
a dry, water-repelling soil as the result
of isolated dry spot development? Is
it to prevent isolated dry spots from
developing in the first place? Is it to
make, “water wetter” as an injectable
material into your golf course’s irrigation system to try to move water
through the soil? Is it to improve irrigation efficiency and turf performance
using less water? Is it to use wetting
agents (rightly or wrongly) as a spray
adjuvant when applying herbicides,
insecticides, growth regulators, or
fungicides? Is it to improve rootzone
placement of soil-directed pesticides
and fertilizers or to reduce their leaching? These are not easy questions to
answer because, again, there are so
many different wetting agent/soil
surfactant chemistries available to our
industry. Note: While a wetting agent is
a surfactant, it only wets. A surfactant
can do more than just wet a dry soil.

SOIL SURFACTANTS - 101

Soil surfactant products are made with
several different classes of surfactant
chemistries. These classes of chemistry have molecules with different
structures and therefore they have

different modes of action in how they
interact with water and soil. This article
will discuss the different classes of
surfactant chemistries and their varying molecular structures. By defining
the capability of each class of surfactant chemistry and defining which class
or classes of surfactant chemistry
each particular soil surfactant product
contains, golf course superintendents
will better understand the best product
to use to address their particular
management problem.
Note: This article is not intended to
recommend one product over another.
All wetting agents/surfactants have
specific uses. The goal is to provide
information to better understand these
products, which allows the end users,
golf course superintendents, to decide
which product best fits their needs.

SURFACTANT CHEMISTRIES
In no special order of priority.

1. Anionic and Blends with
Anionics. Anionic wetting agents are
negatively charged surfactants. They
can offer fast wetting but, depending
upon application rate, can be phytotoxic
to turf. Because of their negative ionic
charge, anionics can cause dispersion
of clay particles, which can negatively

impact soil structure in fine-textured
native soils. In the agricultural chemical
industry, these compounds are often
used to aid in the dispersion of clays in
flowable or suspension concentrate
formulations. Sometimes referred to
as “old chemistries,” anionic wetting
agents were introduced into the turf
care market in the 1950s.
Commercially available anionic
blends include: AquaAid, Naiad,
Penterra, and Prevade.
2. Nonionic Surfactants.
2-1. Polyoxyethylene (POE)
Surfactants. A POE (also referred to
as alkylphenol ethoxylate, or APE) are
also “old chemistry” wetting agents.
The original AquaGro contained a
POE. Like the anionic group of surfactants, POEs also can be phytotoxic to
fine turf when used in some situations.
POEs were originally developed to
correct localized dry areas, so they do
help treat water repellency, but not
nearly as well as newer chemistry
wetting agents that were developed
and introduced in the 1990s. This
class of chemistry can enhance water
movement into the soil. The original
products in this category were introduced as turf management tools in
1954.
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Commercially available POEs
wetting agents include: APSA-80,
E-ZWet, FloThru, Hydro-Wet, Injector,
Lesco Wet, Mizer, One Putt, PenMaxx,
Surfside, Water-in, and Wet-Sol.
2-2. Block Co-Polymer Surfactants.
This class of wetting agent chemistry
is the most commonly used in the turf
care market today. These compounds
are significantly safer to fine turf than
POEs and are very effective in reducing soil water repellency and improving
soil water content and plant-available
water. Two basic chemical structures
are used:
Straight Block Co-Polymers. Field
observations show enhanced water
movement in the soil and can be
helpful in leaching programs.
Commercially available straight
block co-polymers include: Brilliance,
Capacity, Cascade Plus, Conduit 90,

LescoFlo Ultra, Remain, and Sixteen90.
Injectable formulations of Straight
Block Co-Polymer wetting agents
include: Drench, Duplex, Fairway ISP,
InfilTRx, IrriCure, Syringe, UniWet,
and UniWet 25.
Reverse Block Co-Polymers. Field
observations show enhanced moisture
retention in the rootzone, which can be
particularly helpful in soils that do not
hold much water. Some companies
have referred to the compounds as
“retention-type surfactants.” These
materials were introduced into our
industry in 1995.
Commercially available reverse
block co-polymers include: Primer
Select, Magnus, ReLoad, Rely II,
Respond 3, Retain, Tournament
Ready, TriCure AD, and TriCure Micro.
Blends of Straight and Reverse
Block Co-Polymers. Industry scientists
have attempted to find ways to exploit

the characteristics of the respective
surfactant chemistries. Research conducted by Aquatrols on the blended
block co-polymer product Aqueduct
showed that the blend was more effective in correcting localized dry spots
and improving turf quality than either
the straight or reverse block copolymer used alone. To date, this
blend remains the standard by which
all experimental formulations are
compared in Aquatrols internal
research.
Commercially available products
based on blends of these two block
co-polymer categories include:
Aqueduct, Resurge, and ReWet.
Note: “Field blends” of different wetting agent chemistries are becoming
more commonly used. That is, two
wetting agents/soil surfactants are
tankmixed to try to achieve rewetting,
retention, and moving excess water

A wilt and dew pattern on a sand-based tee. With sandier soils, water management always is a challenge, especially during
hot and dry weather.
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“Firm, dry, and fast” conditions are good for golf, but it is a challenge for the golf course superintendent to find ways to use
water as efficiently and effectively as possible while avoiding excessive dryness, which can damage the turf, especially under
cart traffic, as this image clearly shows. Wetting agents and soil surfactants can be important management tools to achieve
this goal, whether they are sprayed onto the turf or injected into irrigation systems.
through the soil profile. Such blends
are typically recommended by
company technical advisors.
2-3. Alkyl Polyglucoside Surfactants
are made from a sugar molecule
reacted with a fatty acid and are considered naturally derived surfactants
(but not to be confused with organic).
Like many surfactants, alkyl polyglucosides can reduce soil water repellency.
However, when blended with a block
co-polymer surfactant, these formulations have been shown to increase
infiltration more than either wetting
agent component alone. This phenomenon of synergistic surfactant wetting
activity, the first such activity reported
for soil wetting agents, has resulted in

patents being granted on this technology in the U.S. and globally. This
blend of wetting agent chemistries
improves water penetration rates
through the soil compared to straight
block co-polymer products. These
materials seem to improve water
availability in the rootzone for better
growing conditions and enhanced
irrigation efficiency. Independent
university research has demonstrated
that treatment resulted in improved
plant-available water and turf quality
even when irrigation inputs were
reduced to less than 50% evapotranspiration (ET) replacement. This chemistry
was introduced in 2000.
Commercially available alkyl
polyglucoside and straight block

co-polymers include: Dispatch
Injectable and Dispatch Sprayable.
2-4. Modified Methyl Capped Block
Co-Polymer. This class of wetting
agent is a patented variation of the
block co-polymer class. The structure
of the molecule was modified by
replacing -OH terminal groups with
-CH3 (methyl) caps. This small change
in molecule structure modified the
hydophilicity of the terminal groups.
The -OH groups are hydrophilic, or
water loving, while the CH3 (methyl
groups) are hydrophobic, or water
repelling. As a result, the methyl
groups impart a small hydrophobic
characteristic to the terminal groups.
This modification changes how the
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surfactant attaches with the hydrophobic coatings that cause water
repellency. This results in thinner, more
continuous films of water around soil
particles and surfaces of organic
matter, which balances air-to-water
ratios in the soil for (hopefully) a better
growing environment in the soil. Field
testing has demonstrated a diversity of
benefits in soil water availability, turf
performance, and turf stress tolerance.
This chemistry, granted patents in the
U.S. and globally, was introduced into
our industry in 2004.
The sole commercially available
modified methyl capped block copolymer wetting agent is sold under
the brand name Revolution.
2-5. Humic Substance Redistribution Molecules. This class of wetting
aids was patented by Milliken & Co.
and introduced to the turf industry by
Aqua-Aid in 2003. These molecules
allow water penetration through the
soil profile by disrupting the hydrophobic supramolecular humic associations, most prevalent in the top one to
two centimeters (0.40 to 0.80 of an
inch) of the soil, which led to localized
dry spots. Reduction in size of the
large hydrophobic associations into
smaller, more soluble conformations
results in increased water penetration
and allows for redistribution of these
“smaller compounds” from the surface,
where they cause water management

issues, through the soil profile, where
they may be beneficial to moisture
control.
Examples of these compounds are
found in the OARS® product line.
2-6. Multibranched Regenerating
Wetting Agents. These molecules
differ from the traditional linear copolymer molecules in that they are
much higher in molecular weight and
have multiple interactive sites, such
that each branch is essentially a wetting agent in itself. Branching, coupled
with higher molecule weight, not only
increases the interaction between the
wetting agent and the soil, but also
affects the biodegradation profile. As
one branch is removed via biodegradation, a new lower molecular weight
surface active species is regenerated
to continue to manage the water in the
soil profile.The use of these molecules
on turfgrass was patented in 2005 by
Milliken & Co. Examples of these
compounds are found in PBS-150®
and the OARS® product line.
3. Cationic Surfactants. This group
of surfactants is not commonly used
as soil wetting agents due to their
strong biocidal activity. Many of these
compounds are effective disinfectants
and may be particularly aggressive to
plant tissues, resulting in severe plant
damage when applied at rates effective
for water repellency mitigation. As a

positively charged molecule, they
tightly bind to soil particles and have
been reported to cause treated soils to
become more water repellent when
used repeatedly. To the best of our
knowledge, no cationic surfactants are
sold as soil wetting agents in our
industry.
4. New Chemistries. There will no
doubt be new wetting agents/surfactants and blends available to our
industry in the future. The ability to
modify and manage water more efficiently and more effectively continues
to be a long-term goal. Equally, new
products will no doubt be developed
that will allow for more even wetting of
the soil and more efficient use of water
in that soil, while better managing
ongoing problems with fairy rings,
isolated dry spots, and poor soils.
Stay current.

MANAGEMENT

One major management topic not
discussed in this article has been how
wetting agents and soil surfactants are
managed and used. Oftentimes, these
products are added as spray adjuvants,
“just because.” This creates a whole
new set of interactions that are difficult
to measure. For instance, does a little
extra wetting agent in the tank aid in
fungicide placement or compromise
fungicide effectiveness? These are all
good topics to discuss with your com-

(Left) Turf loss due to localized dry spots, or LDS. The solution is a wetting agent or soil surfactant program that allows the
grass to recover and to keep the problem from reoccurring in the future. See next image. (Right) Complete recovery. LDS has
not reoccurred due to adjustments in the way the turf is managed using wetting agents and soil surfactants.
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pany technical representative, supplier,
and USGA agronomists.
How best to manage irrigation is
another important management topic.
Specifically, if your goal is to rewet a
dry, hydrophobic soil, it is best to
prepare the area with some form of
surface aeration, pre-wet the area,
apply the wetting agent or soil
surfactant, and water it into the soil
profile. For maximum efficiency and
effectiveness in this case, it is best not
to let the wetting agent dry. Rather,
water it in rapidly and liberally. The
addition of other products could therefore compromise the action of those
materials either by too much water or
compromise the wetting agent/surfactant product by not using enough
water. Again, when in doubt, ask for
advice.
In preparing this article, almost
every contributor made the following
point: With the wetting agent options
we have today, you either treat the
water or treat the soil. There are
different wetting agent chemistries to
solve whatever problem you may have.
Also, the wetting agents and soil
surfactants available today are much
more sophisticated than the products
used years ago. In the “good old days”
of turfgrass management, we used to
add a quart of wetting agents to every
spray tank. We have come a long way
since then.
Wetting agent and soil surfactant
products are used in many ways and
for many different reasons on golf
courses today. It is important to think
about what you are trying to accomplish when applying any turf care
products, including wetting agents and
soil surfactants. READ THE LABEL.
If your questions are not answered,
contact the company. It is a call or
email worth making to ensure the
product you are using is being properly
applied.

FINAL THOUGHTS

Still awake? As you can see, this
article is technical in nature. Most of us
are not chemists. We rely on research
results from our state universities
along with field trials of side-by-side
product comparisons, testimonials from
fellow golf course superintendents who

knowledge available at the time of
writing. We apologize if a product was
not mentioned, if a product is miscategorized, or if a product is no longer
available. At least the superintendent
will know which question to ask the
next time a representative tries to sell
a wetting agent or surfactant. You can
ask, “Is it a straight or reverse block
co-polymer? A modified methyl
capped co-polymer? An APE or a
POE? By the way, are your wetting
agents anionic or cationic?”

A stylized view of what a branched
wetting agent molecule looks like.
Surprised? There is a whole lot more
to selecting a wetting agent or
surfactant than the average person
might know. It is a complicated
science. (Image courtesy of
Milliken & Co.)
have used these products, and product
information from technical representatives of the companies who formulate,
develop, produce, and sell wetting
agents and soil surfactants. This
information (hopefully) allows all of us
to make informed decisions on which
wetting agent chemistry helps solve
the problems you have, as it pertains
to soil water repellency, enhanced soil
moisture retention (or not), the prevention of isolated dry spots, or the treatment of dry patch and fairy ring once
they develop. One key thing to remember is to ask your sales representative
for research reports on field evaluations
of the product. That third-party confirmatory testing is the only way to
ensure you can count on a product
to do what is claimed.
In summary, there are many
different wetting agent and surfactant
compounds and chemistries available.
Hopefully, by knowing some of the
strengths and weaknesses of the
various commercially available
products, the right choice can be made
by you, the consumer, on which
product to purchase and use.

DISCLAIMER

All the information contained in this
article comes from the best possible
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Broadleaf Weeds1
Jim Brosnan, Ph.D. | University of Tennessee
September 2012
An array of different broadleaf weeds can be problematic
on golf courses throughout India. Infestations of weeds such as
prostrate knotweed (Polygonum aviculture), creeping beggarweed
(Desmodium canum), spurge (Euphorbia spp.), and clover species (Trifolium spp.) can negatively affect turf aesthetic and functional quality. The following publication will describe morphology of select
broadleaf weeds found on golf courses throughout India, discuss
environmental conditions that favor broadleaf weed infestation, and
outline options to eradicate broadleaf weeds from desirable turf.

1

This fact sheet was first prepared for
the 2012 IGU Greenkeeper Education
Programme. Dr. Brosnan is the head
of the turfgrass weed science research
and extension program at the University of Tennessee and is co-Director of
the University of Tennessee Center for
Athletic Field Safety.

Morphology
Proper identification is a critical component to managing broadleaf
weed infestations. The following paragraphs present morphological
information useful in identifying select broadleaf weeds found
throughout India.
• Prostrate knotweed is a low-growing summer annual weed that
thrives in compacted soils; thus, it is often found in areas of
high foot or vehicular traffic (Figure 1). Leaves have an oblong
shape, pinnate venation, and are arranged alternately (Figure 2).
A distinctive feature of prostrate knotweed is that leaves are
joined to the stem by a sheathing membrane called an ocrea (Figure 3). The plant produces diminutive white flowers. Prostrate
knotweed is often the first summer annual weed to germinate.
New seedlings are often mistaken for turfgrasses.

Figure 1: Prostrate knotweed infesting
compacted soil on a highly trafficked
sports field

Figure 2: Prostrate knotweed (Polygonum aviculture)
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Figure 3: Distinctive ocrea of prostrate
knotweed

• Creeping beggarweed develops from a taproot and spreads
via hairy, branched stolons that root at the nodes. Trifoliate
leaves have three leaflets that are elliptic, pinnately venated,
and have a characteristic white watermark along the midrib (Figure 4). Flowers are pink to rose in color. Several members of the
Desmodium genus are found throughout India.

Figure 4: White watermark of creeping
beggarweed

• Prostrate spurge is low growing summer annual weed with
reddish or green stems that do not root at the nodes (Figure 5)
Leaves are arranged opposite, are oval to elliptic in shape, and
small serrations along the margin. Stems of plants within the Eu-
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phorbia genus exude a white, milky sap when broken (Figure 6).
Several other members of the Euphorbia genus can be found
throughout India.

Figure 6: White, milky sap from
broken stem of prostrate spurge

Figure 5: Prostrate spurge (Euphorbia
maculata)

• Clover species are perennial weeds commonly found in soils
with low levels of available nitrogen. Leaves are trifoliate, containing three oval-to-elliptic shaped leaflets (Figure 7). White
clover (Trifolium repens) often has a white watermark partly encircling the base. Small serrations are often present along leaf
margins of clover species. Leaves and stem of red clover (Trifolium pratense) are prominently hairy. Flower colors vary among
species.

Managing Turf to Prevent Broadleaf Weed Infestation
The best method of preventing infestations of broadleaf weeds is
to maintain a healthy, dense turf. Implementing the proper cultural practices required to maintain desirable turf will reduce the
likelihood of broadleaf weed encroachment. For new constructions
or renovations, selecting the turf species best adapted to local climatic conditions will prevent infestations of troublesome broadleaf
weeds. The following list contains some tactics that can be taken to
discourage broadleaf weed encroachment and spread in desirable
turf.
• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of broadleaf
weed seed or vegetative structures. Be sure to inspect and clean
all equipment, especially to prevent broadleaf weed seed or
vegetative structures from being moved from an infested to a
non-infested site.

3
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Figure 7: White clover (Trifolium repens)

• Maintain turf density: Voids in the turf canopy are required
for broadleaf weed establishment. Sunlight must reach the soil
surface for broadleaf weed seeds to germinate. Thus, it is critical that desirable turfgrasses receive macro- and micronutrients
in quantities sufficient for optimizing turf growth and vigor.
This is especially true in regards nitrogen, as no other nutrient
affects the growth of warm-season turfgrasses more than nitrogen. Leguminous weed species such as Trifolium and Desmodium
species have the ability to fix nitrogen from the atmosphere and
can persist vigorously in sites where nitrogen has not been supplied in quantities to sustain turf growth and vigor. They are
indicators that turf needs to be supplied greater quantities of
nitrogen.
• Nutrition: Multiple researchers have reported that applying
nutrients in quantities that exceed turfgrass sufficiency levels will
encourage broadleaf weed encroachment into non-infested sites.
This is especially true with regards to potassium as 17 to 20%
increase in dandelion (Taraxacum officinale) have been associated
with excessive potassium fertilization3 .
• Increase mowing height: Increasing canopy height will improve
turf rooting and photosynthesis, resulting in a healthier stand
that is less susceptible to encroachment from broadleaf weeds.3
• Manage stress: Any abiotic or biotic stress that reduces turf
growth and vigor will make a broadleaf weed infestation more
likely. Factors such as shade, soil compaction, soil drainage,
thatch buildup, etc. must be managed correctly in order to prevent establishment of broadleaf weeds. Many of the preceding
items in this list fall into the category of managing the stresses
placed on desirable turf.

3

Busey, P. 2003. Cultural management
of weeds: a review. Crop Sci. 43:1899191
3

broadleaf weeds

5

Controlling Existing Infestations of Broadleaf Weeds
Managers can rely on either physical removal or spot treating with
a non-selective herbicide such as glyphosate (i.e., Roundup, other
trade names) to control existing broadleaf weed populations. It is
recommended that these measures be implemented when plants
are smaller in size to facilitate physical removal of shoot and root
tissue and minimize the size of the spot created by a non-selective
herbicide. Additionally, applications made before inflorescence
formation will reduce the amount of seed deposited in the soil
profile.
Few herbicides in India are labeled for selective control of
broadleaf weeds in desirable warm-season turfgrass. Applications
of 2,4-D can be used to control or suppress an array of different
broadleaf weed species at 0.84 to 1.12 kg ai/ha. Use of a non-ionic
surfactant at 0.25% v/v is recommended to improve efficacy. Do
not apply these materials if air temperature is expected to exceed
30 C to avoid potentially for off-target movement. Use of amine
formulations will reduce potential for volatility compared to ester
formulations. When applied to sensitive species, 2,4-D will result
and twisting and curling of plant tissue; a phenomenon known
as epinasty (Figure 8). Before applying any herbicide, be sure to
consult the label for more information on turfgrass tolerance, application rate, and additional use directions.

Figure 8: Leaf epinasty following 2,4-D
treatment

Conclusion
Broadleaf weeds can be problematic weed on golf course turf
throughout India. Therefore, turf managers are encouraged to
implement proper cultural practices to discourage broadleaf weed
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infestation. Trying to eradicate existing populations with spot applications of non-selective herbicides or by physical removal is a
long, arduous process. Few herbicides are available for selective
control of broadleaf weeds in India. If a complete renovation is
warranted, be sure that proper sanitation practices are followed
to minimize the introduction of broadleaf weeds to the new site.
Additionally, selecting the turf species best adapted to local climatic conditions will prevent infestations of troublesome broadleaf
weeds.
For more information on broadleaf weed identification and control, please visit the University of Tennessee’s Turfgrass Weed Science Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Education Programme website, http://www.in.asianturfgrass.com/.
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Bermudagrass1
Jim Brosnan, Ph.D. | University of Tennessee
September 2012
Bermudagrass2 is a commonly used warm-season turfgrass
throughout much of India. However, when bermudagrass becomes
infested in other desirable species, such as seashore paspalum (Paspalum vaginatum) or zoysiagrass (Zoysia spp.), it can be a problematic and troublesome weed. Bermudagrass infestations can be
found on putting greens, tees, and fairways throughout India (Figure 1). The following publication will describe bermudagrass morphology, discuss environmental conditions that favor bermudagrass
infestation, and outline both chemical and non-chemical options to
eradicate bermudagrass from desirable turf.

1

This fact sheet was first prepared for
the 2012 IGU Greenkeeper Education
Programme. Dr. Brosnan is the head
of the turfgrass weed science research
and extension program at the University of Tennessee and is co-Director of
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Cynodon dactylon L. Pers.

Figure 1: Bermudagrass stolons infesting a Zoysia matrella tee box

Morphology
Proper identification is a critical component to managing bermudagrass infestations. Plants are characterized by their hairy ligule
(Figure 2) and folded vernation. Bermudagrass inflorescences (Figure 3) have three to seven spikelets, which can be 25 to 50 mm long.
Additionally, bermudagrass is a mat-forming perennial grassy
weed that aggressively spreads by both rhizomes and stolons. This
extensive network of below- (i.e., rhizomes) and aboveground (i.e.,
stolons) vegetative propagules makes bermudagrass extremely difficult to control (Figure 4). In many instances, bermudagrass can be
eradicated to the soil surface by physical removal or a herbicide application only to regenerate from belowground rhizomes over time.
Additionally, aggressive aboveground growth from stolons allows

Figure 2: Hairy ligule of bermudagrass
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bermudagrass to creep into areas of desirable turf. Bermudagrass
retains morning dew longer than other warm-season turfgrasses
(Figure 5). Thus, the best time time to scout for bermudagrass contamination is during the early morning hours.

Figure 3: Bermudagrass inflorescence

Figure 4: Bermudagrass rhizomes
Figure 5: Dew present on areas of
bermudagrass infestation into a
seashore paspalum turf during early
morning hours

Managing Turf to Prevent Bermudagrass
The best method of preventing bermudagrass infestation is to
maintain a healthy, dense turf. Implementing the proper cultural
practices required to maintain species such as seashore paspalum
and zoysiagrass will reduce the likelihood of bermudagrass encroachment. For new constructions or renovations, selecting the
turf species best adapted to local climatic conditions will prevent
infestations of troublesome weeds such as bermudagrass. The following list contains some tactics that can be taken to discourage
bermudagrass encroachment and spread in desirable turf.
• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of bermudagrass. Pay special attention to ensure that no vegetative structures (i.e., rhizomes, stolons) are present. Additionally, inspect
and clean all mowing and maintenance equipment to remove
bermudagrass vegetative structures collected during use.
• Increase mowing height: Increasing canopy height will improve
turf rooting and photosynthesis, resulting in a healthier stand
that is less susceptible to bermudagrass encroachment. Additionally, the taller canopy will shade any bermudagrass present in
the stand, which will reduce its ability to spread.
• Proper nutrition: Species such as seashore paspalum and zoysiagrass have lower nutrient requirements than bermudagrass;
especially with regards to nitrogen. Applying fertilizers with

Figure 6: Bermudagrass contamination
in elevated, drier areas of a seashore
paspalum fairway

bermudagrass

calibrated equipment at proper rates will maintain adequate density (reducing the likelihood of bermudagrass encroachment)
and discourage the spread of any bermudagrass present in the
stand. Supplying excessive amounts of nitrogen will favor the
bermudagrass, essentially worsening the problem.
• Manage soil moisture: Species such as bermudagrass and
seashore paspalum require different amounts of irrigation for
maximum growth and vigor. A marsh grass, seashore paspalum thrives under moist conditions and will be less aggressive against bermudagrass infestation when water is limited
(Figure 6).
• Landscape areas: Pay attention to flower beds and other landscaped areas. Keep these areas free of bermudagrass contamination. Use heavy mulch or deep edging to keep bermudagrass
from establishing. Edging material would need to be at least 15
cm into the soil.
• Manage stress: Any abiotic or biotic stress that reduces turf
growth and vigor will make the likelihood of bermudagrass
infestation more likely. Many of the preceding items in this list
fall into the category of managing turf stress.

Figure 7: Physical removal of
bermudagrass sod from seashore
paspalum

Controlling Existing Bermudagrass Infestations
Managers often rely on either physical removal or spot treating
with a non-selective herbicide such as glyphosate (i.e., Roundup,
other trade names) to control existing bermudagrass populations in
desirable turf. If electing to control bermudagrass by physical removal, ensure that all above and belowground vegetative structures
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are removed; otherwise re-growth will occur. This is often accomplished by removing pieces of bermudagrass sod from desirable
turf stands (Figure 7). Spot treating with non-selective herbicides
can be effective; however, the process will reduce overall turfgrass
quality by creating a spotted appearance across the turf.
Complete renovation may be required when bermudagrass infestations are severe. In these cases, be sure to eradicate as much of
the existing population as possible before planting new turf. Multiple applications of non-selective herbicides should be applied along
with a soil sterilant (e.g., methyl bromide, dazomet, etc.) if possible.
Be sure to follow all label directions when applying these materials.
Additionally, inspect new plant material for bermudagrass vegetative structures before establishment. When establishing new turf
from sprigs or sod, visit the farm growing this plant material before
it arrives on site and inspect fields for bermudagrass contamination.

Figure 8: Bermudagrass control in
seashore paspalum with two applications of Prograss 1.5EC at 7.1 L/ha

These quality control steps are critical considering that few
herbicides are available for selective bermudagrass removal from
desirable turf worldwide. Research conducted at the 2011 Turfgrass Management in Asia Conference in Pattaya, Thailand demonstrated that applications of ethofumesate (sold in the U.S. under the
trade name Prograss 1.5EC) can selectively control bermudagrass in
seashore paspalum turf (Figure 8). While this herbicide effectively
suppressed the existing bermduagrass stand at rates ranging from
4.7 to 9.4 L/ha, multiple applications will be needed over time to
eradicate the entire population in addition to implementing cultural practices to promote seashore paspalum growth into the voids
remaining in the turf canopy after bermudagrass removal. An additional conclusion of this research was that salt applications were
not an effective means of controlling bermudagrass in seashore
paspalum turf.
In Zoysia japonica, applications of fluazifop + triclopyr and
fenoxaprop + triclopyr have been found to effectively control
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bermudagrass infestations without resulting in turf injury.3 Studies
have shown that bermudagrass is more sensitive to these treatments when transitioning into or out of periods of reduced growth
compared to those made under optimal growing conditions4 Turf
managers wishing to control bermudagrass with these materials
are recommended to make sequential applications at these optimal
timings.

3

Lewis, D.F., J.S. McElroy,
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Conclusion
Bermudagrass is a problematic weed of golf course turf throughout India. Trying to eradicate existing populations with spot applications of non-selective herbicides or by physical removal is a
long, arduous process. Few herbicides are available for selective
bermudagrass control worldwide. Therefore, turf managers are
encouraged to implement proper cultural practices to discourage
bermudagrass encroachment. If a complete renovation is warranted, be sure that proper sanitation practices are followed to
minimize the introduction of bermudagrass contamination to the
new site. Additionally, selecting the turf species best adapted to
local climatic conditions will prevent infestations of troublesome
weeds such as bermudagrass.
For more information on bermudagrass identification and control, please visit the University of Tennessee’s Turfgrass Weed Science Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Education Programme website, http://www.in.asianturfgrass.com/.
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Goosegrass1
Jim Brosnan, Ph.D. | University of Tennessee
September 2012
Goosegrass2 is a problematic weed of warm-season turfgrass.
Infestations can be found on putting greens, tees, and fairways
throughout India. The following publication will describe goosegrass morphology, discuss environmental conditions that favor
goosegrass infestation, and outline both chemical and non-chemical
options to eradicate goosegrass from desirable turf.
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Eleusine indica L. Gaertn.

Morphology
Many turfgrass managers identify goosegrass by its distinctive
inflorescence. This species produces seedheads from a common
point with 3 to 7 spikes (i.e., racemes) at the tip of the stem. Seeds
are arranged in a distinctive herringbone pattern along each spike
(Figure 1). Seed production affects the prevalence of goosegrass as
a weed in golf course turfgrass. A single plant can produce up to
50,000 seeds. As a result, failure to control goosegrass can increase
the quantity of goosegrass seed in the soil seedbank; thus ensuring
that goosegrass will be a problematic weed year-after-year.
When mature, goosegrass grows in clumps from a central tap
root that has a fibrous root system. Leaves are a distinct white or
silver color at the base, folded or flattened in shape, and smooth
to the touch; very few hairs are present on the foliage (Figure 2).
Goosegrass also has a membranous ligule with jagged edges. The
prostrate growing nature of goosegrass gives it the ability to tolerate mowing heights as low as 3 mm (Figure 3).

Figure 1: Goosegrass inflorescence

Figure 2: Mature, multi-tiller, goosegrass plant

goosegrass

Figure 3: Goosegrass infesting an
ultradwarf bermudagrass putting
green

Growing Environment
Goosegrass infestations commonly occur in high traffic areas as this
species grows vigorously under compacted soil conditions. Thus,
goosegrass can be problematic on putting greens and tees due
to the concentrated foot traffic in these areas. On putting greens,
goosegrass can be especially problematic in that the clump-type
growth of this weed disrupts ball roll.
Research3 has shown that goosegrass is more competitive with
bermudagrass (Cynodon dactylon) when soil bulk density increases
to the point at which turf cover is reduced. Additionally, emergence
of new goosegrass seedlings was reduced 58% by mowing at 2.5 cm
compared to 1.3 cm. Additional studies4 have shown that goosegrass seed germination is favored by fluctuating temperature.
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Managing Turf to Prevent Goosegrass
A critical component in preventing goosegrass infestation is to maximize cover of desirable turf. Supplying desirable turfgrass with
sufficient levels of macro- and micronutrients will maintain canopy
cover as will preventing external stresses such as shade or foot traffic (Figure 4). Often goosegrass invades sites where soils have been
compacted to the extent that desirable turf cover is lost. Its presence
is an indicator that soil conditions need to be improved to favor
the growth of desirable turfgrasses; otherwise infestations will continue year-after-year. In addition to altering foot (e.g., from golfers
and caddies) or golf cart traffic patterns, it is recommend that areas
infested with goosegrass are aerified regularly. Not only will this
practice relieve compaction to an extent, it will also increase gas
exchange between the turfgrass rootzone and the atmosphere.
Lastly, increasing height of cut will discourage goosegrass germination from seed. Sunlight is required for goosegrass seed germi-

Figure 4: Shade on an ultradwarf
putting green
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nation (Figure 5). Increasing canopy height by raising the height of
cut will decrease the quantity of light reaching soil and thus limit
germination of new seedlings.

Controlling Existing Goosegrass
There are very few herbicides available in India that will control an
existing goosegrass population in desirable turf. Managers should
rely on either physical removal or spot treating with a non-selective
herbicide such as glyphosate (i.e., Roundup, other trade names) to
control existing populations. If electing to control goosegrass by
physical removal, ensure that the plant’s root system is removed;
otherwise re-growth will occur. If plants are larger than 50 mm in
diameter a knife, hoe, or other physical implement will be needed
to remove the tap root. Physical removal can be effective but is a
labor intensive process.
Spot treating with non-selective herbicides can effectively control goosegrass but this process will hamper turf quality (Figure 6).
Managers with seashore paspalum turf have attempted to control goosegrass with applications of liquid and granular sodium
chloride salts; however, research has found these strategies to be
ineffective in providing long-term control.5 . Golf course superintendents controlling goosegrass with spot applications of non-selective
herbicides must take precautions to prevent the spray solution from
contacting desirable turf; otherwise, undesirable turf injury will
occur.

Figure 5: Goosegrass seedlings
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Figure 6: Spot treatments with
glyphosate to control goosegrass
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Conclusion
Goosegrass is a problematic weed of golf course turf throughout
India. Long-term control requires that turfgrass maintenance practices be adjusted to maximize cover of desirable turf. Physical removal and spot applications of non-selective herbicides can control
existing populations.
For more information on goosegrass identification and control,
please visit the University of Tennessee’s Turfgrass Weed Science
Website, http://tennesseeturfgrassweeds.org. Additional information can also be accessed at the India Greenkeeper Education
Programme website, http://www.in.asianturfgrass.com/.
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Annual bluegrass2 is a problematic weed of golf courses in
northern India. Reduced tolerance to several environmental stressors, bunch-type growth, and copious seed production result in
annual bluegrass infestations negatively affecting turf aesthetic and
functional quality. The following publication will describe annual
bluegrass morphology, discuss environmental conditions that favor
annual bluegrass infestation, and outline options to eradicate this
weed from desirable turf.
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Poa annua L.

Figure 1: Annual bluegrass infesting
a dormant bermudagrass greens
complex

Morphology
Proper identification is a critical component to managing annual
bluegrass infestations. Annual bluegrass has a bunch-type growth
habit and plants often form distinct patches or clumps in desirable
turf. Plants have a folded leaf vernation (Figure 2); leaf blades have
a boat-shaped tip (Figure 3), can be rippled or slightly wrinkled,
and have a long, membranous, slightly pointed ligule. Plants produce a panicle-type inflorescence that is triangular in shape with
spikelets bunched toward the ends (Figure 4). Seedheads start to
emerge in the spring and viable seed can be produced in just a few
days after pollination. This feature allows for the production of
viable seed, even in frequently mowed turf. Thus, proliferance of
annual bluegrass seed in the soil profile results in problems occurring year-after-year. Annual bluegrass inflorescence development
is especially problematic on putting greens as these structures can
disrupt ball roll speed and uniformity (Figure 5)

Figure 2: Folded vernation of annual
bluegrass

Figure 3: Annual bluegrass boatshaped leaf tip

annual bluegrass

Figure 4: Annual bluegrass inflorescence

Figure 5: Annual bluegrass inflorescence at putting green height
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Managing Turf to Prevent Annual Bluegrass Infestation
The best method of preventing infestations of annual bluegrass is
to maintain a healthy, dense turf. Implementing the proper cultural
practices required to maintain desirable turf will reduce the likelihood of annual bluegrass encroachment. For new constructions or
renovations, selecting the turf species best adapted to local climatic
conditions will prevent infestations of troublesome weeds such as
annual bluegrass. The following list contains some tactics that can
be taken to discourage annual bluegrass encroachment and spread
in desirable turf.
• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of annual bluegrass seed. Be sure to inspect and clean all equipment, especially
to prevent annual bluegrass seed from being moved from an infested to a non-infested site (Figure 6). A prolific seed producer,
annual bluegrass seeds germinate under temperatures ranging
from 7 to 29°C.3
• Maintain turf density: Voids in the turf canopy are required for
annual bluegrass establishment. Sunlight must reach the soil surface for annual bluegrass seeds to germinate. Thus, it is critical
that desirable turfgrasses receive macro- and micronutrients in
quantities sufficient for optimizing turf growth and vigor. This
is especially true in regards nitrogen, as no other nutrient affects
the growth of warm-season turfgrasses more than nitrogen.
• Limit phosphorus: Multiple researchers have reported that applying phosphorus in quantities that exceed turfgrass sufficiency
levels will encourage annual bluegrass encroachment into noninfested sites4 .
• Increase mowing height: Increasing canopy height will improve
turf rooting and photosynthesis, resulting in a healthier stand
that is less susceptible to encroachment from annual bluegrass.
Researchers have reported conflicting results with regards to
clipping collection and annual bluegrass encroachment.

Figure 6: Annual bluegrass seed on the
sole of a golf shoe
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• Manage soil moisture: Annual bluegrass is a shallow rooted turf
(Figure 7) that prefers elevated levels of soil moisture. Irrigating
turf excessively can encourage infestations of annual bluegrass.
Similarly, compromised internal or surface drainage will further
perpetuate problems.
• Manage stress: Any abiotic or biotic stress that reduces turf
growth and vigor will make a annual bluegrass infestation more
likely. Factors such as shade, soil compaction, soil drainage,
thatch buildup, etc. must be managed correctly in order to prevent establishment of weed species such as annual bluegrass.
Many of the preceding items in this list fall under the category of
managing the stresses placed on desirable turf.

Figure 7: Shallow roots of annual
bluegrass (left) compared to the deeper
rooted Poa pratensis (right)

annual bluegrass

Controlling Existing Infestations of Annual Bluegrass
Managers can rely on either physical removal or spot treating with
a non-selective herbicide such as glyphosate (i.e., Roundup, other
trade names) to control existing annual bluegrass populations. It
is recommended that these measures be implemented when plants
are smaller in size to facilitate physical removal of shoot and root
tissue and minimize the size of the spot created by a non-selective
herbicide. Additionally, applications made before inflorescence
formation will reduce the amount of seed deposited in the soil
profile.
Before applying any herbicide, be sure to consult the label for
more information on turfgrass tolerance, application rate, and additional use directions.

Conclusion
Annual bluegrass is a problematic weed of golf course turf throughout northern India. Therefore, turf managers are encouraged to
implement proper cultural practices to discourage annual bluegrass infestation. If a complete renovation is warranted, be sure that
proper sanitation practices are followed to minimize the introduction of annual bluegrass to the new site. Additionally, selecting the
turf species best adapted to local climatic conditions will prevent
infestations of troublesome weeds.
Trying to eradicate existing populations with spot applications of
non-selective herbicides or by physical removal is a long, arduous
process. No herbicides are available for selective control of annual
bluegrass in India.
For more information on annual bluegrass identification and
control, please visit the University of Tennessee’s Turfgrass Weed
Science Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Education Programme website, http://www.in.asianturfgrass.com/.
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Sedge and Kyllinga Species1
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Sedges (Cyperus spp.) and kyllingas (Kyllinga spp.) are weed
species that are not only similar in appearance but also share the
unique trait of being classified as neither a broadleaf nor grassy
plant. Yellow nutsedge (Cyperus esculentus), purple nutsedge (Cyperus rotundus), and green kyllinga (Kyllinga brevifolia) are common
weeds of golf course turf throughout India. The following publication will describe sedge and kyllinga morphology, discuss environmental conditions that favor infestations of sedge and kyllinga
species, and outline options to eradicate these weeds from desirable
turf.
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Morphology
Proper identification is a critical component to managing infestations of sedge and kyllinga species. Sedges are most easily identified by their triangular stem (Figure 1). Unlike grasses, they are
devoid of hairs, auricles, collars, and ligules. Leaves are slender and
their waxy cuticle gives them a shiny appearance. Plants arise from
tubers (i.e., nuts, nutlets) which in some species are connected by
underground rhizomes. A single purple nutsedge plant can produce 174 to 554 tubers if left undisturbed.2 . These tubers are often
the source of new infestation as a single tuber can gave rise to 1,900
clonal plants and nearly 6,900 additional tubers in single calendar
year. 3
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Figure 1: Triangular stem of yellow
nutsedge

Yellow nutsedge leaves are light green to yellow, while purple
nutsedge leaves are dark green. Yellow nutsedge leaf tips are ta-
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pered to a point while purple nutsedge leaf tips have a more direct
point. Inflorescences also aid in nutsedge identification; yellow
nutsedge produces a yellow inflorescence (Figure 2), while purple nutsedge produces a purple inflorescence (Figure 3). Yellow
nutsedge is more prevalent at higher elevations and in northern
India as it is more cold tolerant than purple nutsedge.

Figure 2: Yellow nutsedge inflorescence

Figure 3: Purple nutsedge inflorescence

Kyllingas have leaves that are smaller and less erect than those of
yellow nutsedge, but similar in shape and color. Kyllingas can persist under low mowing heights (< 6 mm) and thus can be problematic on golf course putting greens and collars. Research has found
that low mowing heights (2.5 cm) increase kyllinga infestation 2 to
5-fold in bermudagrass compared to mowing at higher heights of
cut (5 cm).4 Unlike yellow and purple nutsedge, kyllingas produce
flowers even under regular mowing (Figure 4). Spreading through
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short rhizomes, kyllinga infestations can form dense mats in a turfgrass stand.

Figure 4: Green kyllinga inflorescence

Managing Turf to Prevent Sedge and Kyllinga Infestations
The best method of preventing infestations of sedge and kyllinga
species is to maintain a healthy, dense turf. Implementing the
proper cultural practices required to maintain desirable turf will
reduce the likelihood of sedge and kyllinga infestations. For new
constructions or renovations, selecting the turf species best adapted
to local climatic conditions will prevent infestations of troublesome weeds such as yellow and purple nutsedge. The following
list contains some tactics that can be taken to discourage sedge and
kyllinga encroachment and spread in desirable turf.
• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of nutsedge
tubers. Be sure to inspect and clean all equipment as well
• Manage tuber dormancy: Nutsedge tubers can remain dormant
in soil preventing flushes of emergence from occurring all at
once; thus, a reservoir of potential new plants is present the
soil profile for an extended period of time. This dynamic often
prevents hand weeding or a single herbicide application from
providing long-term control. Turning soil and exposing tubers to
sunlight will dehydrate them to a point where they will not be
viable.
• Manage soil moisture: Sedge and kyllinga species are shallow
rooted plants that prefer elevated levels of soil moisture. Irrigating turf excessively can encourage infestations of sedge and
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kyllinga species. Similarly, compromised internal or surface
drainage will increase problems with these weeds. Tubers can
remain viable for more than three years if soil remains moist, but
survival in dry soil only lasts for a short period of time.5
• Mow regularly: Regular mowing has been reported to suppress
purple nutsedge growth and improve the efficacy of herbicide
applications for nutsedge control.6 . This is not true for kyllinga
species that tolerate mowing at heights < 6mm.

Controlling Existing Infestations of Sedge and Kyllinga Species
If electing to control infestations of sedge and kyllinga species by
physical removal, be sure to remove both aboveground foliage and
the tuber from which this foliage arises. Simply removing foliage
will not be effective. The abundance of dormant tubers in soil often
renders physical removal ineffective as a few missed tubers can
generate new growth that will maintain the infestation.
Spot treatments with non-selective herbicides can be used to
control sedge and kyllinga species. However, these applications
should only be made when plants have matured to the point that
inflorescences are present. Herbicide applied before this stage of
growth will not translocate to underground tubers; thus, ensuring
that sedge and kyllinga infestations continue to be problematic.
This process will likely need to be repeated multiple times to control dormant tubers in the soil profile as well as those not connected
to aboveground foliage.
Few herbicides in India are labeled for selective control of sedge
and kyllinga species in desirable warm-season turfgrass. Imazaquin
(sold in the U.S. under the trade name Image) has good efficacy
against sedge and kyllinga species when applied at 560 g ai/ha
with a nonionic surfactant at 0.25% v/v. Monosodium methanearsonate (MSMA) also is active on sedge species at 2240 g ai/ha.
Before applying either of these materials, be sure to consult the label for more information on turfgrass tolerance, application rate,
and additional use directions.

Conclusion
Sedge and kyllinga species are problematic weeds of golf course
turf throughout India. Trying to eradicate existing populations
with spot applications of non-selective herbicides or by physical
removal is a long, arduous process. Few herbicides are available
for selective control of these weeds in India. Therefore, turf managers are encouraged to implement proper cultural practices to
discourage sedge and kyllinga infestation, particularly those that
promote ongoing viability of tubers in soil. If a complete renovation
is warranted, be sure that proper sanitation practices are followed
to minimize the introduction of sedge and kyllinga species to the
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new site. Additionally, selecting the turf species best adapted to
local climatic conditions will prevent infestations of troublesome
weeds.
For more information on sedge and kyllinga identification and
control, please visit the University of Tennessee’s Turfgrass Weed
Science Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Education Programme website, http://www.in.asianturfgrass.com/.
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Seashore paspalum2 is a commonly used warm-season turfgrass
throughout much of India. However, when seashore paspalum becomes infested in other desirable species, such as bermudagrass
(Cynodon dactylon), it can be a problematic and troublesome weed.
Seashore paspalum infestations can be found on putting greens,
tees, and fairways throughout India (Figure 1). The following publication will describe seashore paspalum morphology, discuss environmental conditions that favor seashore paspalum infestation, and
outline options to eradicate seashore paspalum from desirable turf.
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Paspalum vaginatum Swartz.

Figure 1: Seashore paspalum infesting
a bermudagrass green

Morphology
Proper identification is a critical component to managing seashore
paspalum infestations. Plants are characterized by their membranous ligule and folded vernation3 . Seashore pasplaum inflorescences have a distinctive "V" shape (Figure 2). Seashore paspalum is
a mat-forming perennial grassy weed that aggressively spreads by
both rhizomes and stolons. This extensive network of below- (i.e.,
rhizomes) and aboveground (i.e., stolons) vegetative propagules
makes seashore paspalum extremely difficult to control (Figure 3).
In many instances, seashore paspalum can be eradicated to the
soil surface by physical removal or a herbicide application only to
regenerate from belowground rhizomes over time.

3
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Managing Turf to Prevent Seashore Paspalum
The best method of preventing seashore paspalum infestations is
to maintain a healthy, dense turf. Implementing the proper cultural
practices required to maintain species such as bermudagrass will
reduce the likelihood of seashore paspalum encroachment. For
new constructions or renovations, selecting the turf species best
adapted to local climatic conditions will prevent infestations of
troublesome weeds such as seashore paspalum. The following
list contains some tactics that can be taken to discourage seashore
paspalum encroachment and spread in desirable turf.

Figure 2: Seashore paspalum inflorescence

• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of seashore
paspalum. Pay special attention to ensure that no vegetative
structures (rhizomes, stolons) are present. Additionally, inspect
and clean all mowing and maintenance equipment to remove
seashore paspalum vegetative structures collected during use.
• Maintain proper fertility: Species such as bermudagrass have
higher nutrient requirements than seashore paspalum; especially
with regards to nitrogen. Applying fertilizers with calibrated
equipment at proper rates will maintain adequate bermudagrass
density (reducing the likelihood of seashore paspalum encroachment) and discourage the spread of any seashore paspalum
present in the stand. Supplying insufficient quantities of nitrogen
will favor seashore paspalum, essentially worsening the problem.

Figure 3: Seashore paspalum rhizomes

• Manage soil moisture: Species such as bermudagrass and
seashore paspalum require different amounts of irrigation for
maximum growth and vigor. A marsh grass, seashore paspalum
thrives under moist conditions and will be more aggressive
than bermudagrass when turf is watered excessively or when
drainage is comprised. On fairways, seashore paspalum infestations are commonly found in low areas that collect surface
water (Figure 4). Water quality will also affect the likelihood of
seashore paspalum infestation. Considering that seashore paspalum can tolerate tolerate salinity levels as high as 54 dSm-1 ,
irrigating with saline water will render bermudagrass turfs more
susceptible to seashore paspalum encroachment
• Manage stress: Any abiotic or biotic stress that reduces bermudagrass growth and vigor will make the likelihood of seashore
paspalum infestation more likely. For example, differential tolerances to low light conditions will make seashore paspalum
infestations more likely on bermudagrass greens subjected to
shaded conditions (Figure 5). Many of the preceding items in
this list can be categorized as managing the stresses placed on
bermudagrass.

Figure 4: Seashore paspalum contamination in lower, wetter areas of a
bermudagrass fairway

seashore paspalum
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Figure 5: Shaded bermudagrass
putting green

Controlling Existing Seashore Paspalum Infestations
Managers often rely on either physical removal or spot treating
with non-selective herbicides such as glyphosate (i.e., Roundup,
other trade names) to control existing seashore paspalum populations in desirable turf. However, research conducted at the University of Hawaii found that glyphosate did not effectively control
’Seadwarf’ seashore paspalum.4
If electing to control seashore paspalum by physical removal,
ensure that all above- and belowground vegetative structures are removed; otherwise re-growth will occur. This is often accomplished
by removing pieces of seashore paspalum sod from desirable turf
stands.
Complete renovation may be required when seashore paspalum
infestations are severe. In these cases, be sure to eradicate as much
of the existing population as possible before planting new turf.
Multiple applications of non-selective herbicides should be applied
along with a soil sterilant (e.g., methyl bromide, dazomet, etc.). Be
sure to follow all label directions when applying these materials.
Additionally, managers renovating turf should inspect new plant
material for seashore paspalum vegetative structures before establishment. When establishing desirable turf from sprigs or sod, visit
the farm growing this plant material before it arrives on site and
inspect fields for seashore paspalum contamination.
These quality control steps are critical considering that few herbicides are available for selective seashore paspalum removal from
desirable turf worldwide. Research conducted at the 2011 Turfgrass
Management in Asia Conference in Pattaya, Thailand demonstrated
that applications of thiencarbazone + iodosulfuron + dicamba (sold
in the U.S. under the trade name Celsius 68WG) can offer some
suppression of seashore paspalum in bermudagrass turf at 369
g/ha. Additionally, applications of monosodium methanearsonate
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(MSMA), foramsulfuron, and metribuzin are injurious to seashore
paspalum and offer some level of suppression when applied to
populations growing in bermudagrass turf (Figure 6). However,
multiple applications of any herbicide will be needed over time to
eradicate the entire population in addition to implementing cultural
practices to promote bermudagrass growth into the voids remaining in the turf canopy after seashore paspalum removal.

Figure 6: MSMA injury on seashore
paspalum turf

Conclusion
Seashore paspalum is a problematic weed of golf course turf
throughout India. Trying to eradicate existing populations with
spot applications of non-selective herbicides or by physical removal
is a long, arduous process. Few herbicides are available for selective
seashore paspalum control worldwide. Therefore, turf managers
are encouraged to implement proper cultural practices to discourage seashore paspalum encroachment. If a complete renovation is
warranted, be sure that proper sanitation practices are followed to
minimize the introduction of seashore paspalum contamination to
the new site. Additionally, selecting the turf species best adapted
to local climatic conditions will prevent infestations of troublesome
weeds such as seashore paspalum.
For more information on seashore paspalum identification and
control, please visit the University of Tennessee’s Turfgrass Weed
Science Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Education Programme website, http://www.in.asianturfgrass.com/.
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Digitaria Species1
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Golf course turfs throughout India are invaded by several
different grasses within the genus Digitaria. Often referred to as
"crabgrass" in certain parts of the world, these grassy weeds reduce
aesthetic and functional turf quality. Digitaria species are annual
weeds that act as perennials in areas where environmental conditions allow for mature plants to be present throughout the year. The
following publication will describe Digitaria morphology, discuss
environmental conditions that favor infestations of Digitaria, and
outline options to eradicate these weeds from desirable turf.

1
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Figure 1: Digitaria sanguinalis

Morphology
Proper identification is a critical component to managing infestations of Digitaria species. Common weeds of warm-season turfgrass
throughout India include Digitaria sanguinalis (i.e., hairy crabgrass),
Digitaria ciliaris (i.e., southern crabgrass), as well as Digitaria ischaemum (i.e., smooth crabgrass) in northern regions of the country.
All of these species are stoloniferous grassy weeds with a rolled
vernation. Plants have leaves roughly 3 to 10 mm in width and
raceme seedheads with 2 to 9 fingerlike branches (Figure 2).

Figure 2: Digitaria ischaemum inflorescence

digitaria species

Figure 3: Hairs present on leaf and
sheath of Digitaria sanguinalis

Digitaria sanguinalis is easily identified by the hairs that cover
both the adaxial (i.e., upper) and abaxial (i.e., lower) leaf surfaces,
as well as the leaf sheath (Figure 3). Sheaths of Digitaria sanguinalis
and Digitaria ischaemum may turn dark red with age (Figure 4). Digitaria ischaemum is similar in appearance to Digitaria sanguinalis but
is devoid of hairs on leaf and sheath surfaces (Figure 5). Digitaria
ciliaris only has long hairs along the leaf margin and lower sheath.
Additionally, the ligule of Digitaria ciliaris is a fringe of hairs while
both Digitaria sanguinalis and Digitaria ischaemum have membranous
ligules that are devoid of hairs.

Figure 4: Red sheath of mature Digitaria sanguinalis

Managing Turf to Prevent Digitaria Infestations
The best method of preventing infestations of Digitaria is to maintain a healthy, dense turf. Implementing the proper cultural practices required to maintain desirable turf will reduce the likelihood
of Digitaria encroachment. For new constructions or renovations, selecting the turf species best adapted to local climatic conditions will
prevent infestations of troublesome weeds such as members of the
genus Digitaria. The following list contains some tactics that can be
taken to discourage Digitaria encroachment and spread in desirable
turf.
• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of vegetative
Digitaria progagules (i.e., stolons) or seed. Be sure to inspect and
clean all equipment, especially to prevent Digitaria seed from
being moved from an infested to a non-infested site.

Figure 5: Digitaria ischaemum sheath
devoid of hairs
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• Maintain turf density: Voids in the turf canopy are required
for Digitaria establishment. Sunlight must reach the soil surface
for Digitaria seeds to germinate (Figure 6). Thus, it is critical
that desirable turfgrasses receive macro- and micronutrients in
quantities sufficient for optimizing turf growth and vigor. This
is especially true in regards nitrogen, as no other nutrient affects
the growth of warm-season turfgrasses more than nitrogen.
Preliminary findings of a recent research project at the University
of Tennessee have found increases in Digitaria infestation when
macro- and micronutrients (other than nature) are supplied in
quantities that exceed the needs of the turf.
• Increase mowing height: Increasing canopy height will improve
turf rooting and photosynthesis, resulting in a healthier stand
that is less susceptible to encroachment from Digitaria species.
Research has found that a taller turf canopy will reduce Digitaria
cover2 . The taller canopy will shade the soil surface reducing
the ability of new Digitaria seedlings to germinate and become
established
• Manage stress: Any abiotic or biotic stress that reduces turf
growth and vigor will make a Digitaria infestation more likely.
Factors such as shade, soil compaction, soil drainage, thatch
buildup, etc. must be managed correctly in order to prevent
establishment of weed species such as Digitaria. Many of the
preceding items in this list are in the category of managing the
stresses placed on desirable turf.

Controlling Existing Infestations of Digitaria
Managers can rely on either physical removal or spot treating with
a non-selective herbicide such as glyphosate (i.e., Roundup, other
trade names) to control existing Digitaria populations. It is recommended that these measures be implemented when plants are
smaller in size to facilitate physical removal of shoot and root tissue and minimize the size of the spot created by a non-selective
herbicide. The stoloniferous growth of these weed species can
make physical removal of shoot an root tissue difficult; additionally, stoloniferous growth can result in large, irregular shaped areas
of necrotic plant material developing after a non-selective herbicide
application.
Few herbicides in India are labeled for selective control of Digitaria species in desirable warm-season turfgrass. In bermudagrass,
monosodium methanearsonate (MSMA) will control crabgrass at
2240 g ai/ha. Applications will be more effective on plants that are
less mature (i.e, fewer tillers) than those that have been established
for an extended period. Sequential applications may be required
to completely remove mature Digitaria from the turf stand. This
treatment will injure seashore paspalum (Paspalum vaginatum, centipedegrass (Eremochloa ophiuroides) and carpetgrass (Axonopus
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Figure 6: Digitaria seedlings germinating in voids within a turf canopy
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compressus).
Before applying any herbicide, be sure to consult the label for
more information on turfgrass tolerance, application rate, and additional use directions.

Conclusion
Digitaria species are problematic weeds of golf course turf throughout India. Therefore, turf managers are encouraged to implement
proper cultural practices to discourage Digitaria infestation. If a
complete renovation is warranted, be sure that proper sanitation
practices are followed to minimize the introduction of Digitaria to
the new site. Additionally, selecting the turf species best adapted
to local climatic conditions will prevent infestations of troublesome
weeds.
Trying to eradicate existing populations with spot applications
of non-selective herbicides or by physical removal is a long, arduous process. Few herbicides are available for selective control of
Digitaria in India.
For more information on Digitaria identification and control,
please visit the University of Tennessee’s Turfgrass Weed Science
Website, http://tennesseeturfgrassweeds.org. Additional information can also be accessed at the India Greenkeeper Education
Programme website, http://www.in.asianturfgrass.com/.
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