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3/=E*-9-9:*".9+E523*=*,-"2,."-0*"25-*)2-9/,"/7"*3/+6+-*="E)/3*++*+"aB23;"et al."GHHHb"

`*:9,*"*-"25D"GHHRcD""&E*39*+"32,"3/=E*-*"7/)"2,6"59=9-*.")*+/4)3*F"9,354.9,A"59A0-F"J2-*)F"

+/95",4-)9*,-+F"2,."E/559,2-/)+"a$2)E*)"QTSSb"(2);*)"d">*9302)."QTTIcD""!5-*)2-9/,+"/7"

*3/+6+-*="E)/3*++*+"9,354.*"+097-+"9,")*+/4)3*".6,2=93+F"302,A*+"-/"52,.+32E*"7/)=F"2,."

2,"9,3)*2+*.".9+-4)<2,3*")*A9=*"a]9-/4+*;"d"M25;*)"QTITb"@_2,-/,9/"d"]9-/4+*;"QTTGb"

M9*.*=2,,"d"(93;2)-"QTTVcD""C/-0"3/=E*-9-9:*".9+E523*=*,-"2,."25-*)2-9/,+"/7"

*3/+6+-*="E)/3*++*+"32,")*+45-"9,")*.43*."+E*39*+")930,*++F"302,A*+"9,"2<4,.2,3*+"/7"

+E*39*+F"723959-2-9/,"/7"/-0*)"9,:2+9:*"+E*39*+F"25-*)2-9/,+"-/"-0*"E06+9325"+-)43-4)*"/7"

3/==4,9-9*+F"/)"+097-+"9,",2-9:*"E52,-"E0*,/5/A6"aM//.+"QTTRb"(6e*;"d"(6e*;"QTTNb"

M//.+"QTTSb"B2)-9,"QTTTb"`*:9,*"et al."GHHRcD""&9,3*"9,:2+9:*"E52,-+"32,"277*3-"

*3/+6+-*=+"2,."-0*"+-)43-4)*"/7"E52,-"3/==4,9-9*+F"52,."=2,2A*)+"2,.")*+*2)30*)+"2)*"

3/,3*),*."-02-"9,:2+9:*"E52,-"+E*39*+"2)*"9=E23-9,A",2-4)25"02<9-2-+"9,"!52+;2D"""

" !"weed"32,"<*".*79,*."2+"2",2-9:*"/)",/,W,2-9:*"E52,-"-02-"A)/J+"9,"2"E523*"J0*)*"

9-"9+"4,J2,-*."<6"04=2,+D""Non-native species"/)9A9,2-*"7)/="7/)*9A,"02<9-2-+"2,."-0*9)"



"
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"

9,-)/.43-9/,"9+"4+42556"723959-2-*."-0)/4A0"04=2,"23-9/,D""Invasive plants"2)*"2"+4<+*-"/7"

,/,W,2-9:*"+E*39*+"-02-"02:*"+*57W+4+-29,*."E/E452-9/,+"2,."32,"E/-*,-92556"+E)*2."/:*)"

52)A*"2)*2+"/7",2-4)25"02<9-2-+"a>9302).+/,"et al. GHHHcD""8,.*)"-09+".*79,9-9/,F".977*)*,-"

9,:2+9:*"+E*39*+"32,"02:*":2)69,A".*A)**+"/7"9=E23-+"9,"*3/+6+-*=+D""1/)"9,+-2,3*F"</-0"

3/==/,".2,.*59/,"aTaraxacum officinale)"2,."+J**-35/:*)"aMelilotus albac"2)*"9,:2+9:*"

E52,-+"9,"!52+;2"a!52+;2"^2-4)25"$*)9-2A*"()/A)2="a!^$(c"GHHNcD""$/J*:*)F"J0*,"

3/=E2)9,A"*230"+E*39*+_"E/-*,-925"-/"9=E23-"02<9-2-+F"T. officinale"9+"3/,+9.*)*."-/"02:*"2"

=/.*+-"9=E23-F"J095*"M. alba"9+"3/,+9.*)*."-/"02:*"-0*"E/-*,-925"-/"-)2,+7/)="*3/+6+-*="

E)/3*++*+"2,."25-*)"-0*"+-)43-4)*"/7"E52,-"3/==4,9-9*+"a!^$("GHHNcD"""

" P4))*,-56F"GIR",/,W,2-9:*"E52,-"+E*39*+"02:*"<**,"7/4,."9,"!52+;2"aP2)5+/,"d"

&0*E02)."GHHScF"=2,6"/7"J0930"2)*"3/,+9.*)*."=2)A9,2556"9,:2+9:*"2,."2)*"/7"59--5*"

3/,3*),"a!^$("GHHNcD""f,56"QRO"/7"!52+;2_+"75/)2"9+",/,W,2-9:*F"J0930"9+"5/J"

3/=E2)*."-/"/-0*)")*A9/,+"/7"^/)-0"!=*)932"aP2)5+/,"d"&0*E02)."GHHScD""1/)"9,+-2,3*F"

RHO"/7"f)*A/,_+"75/)2"9+"3/=E/+*."/7",/,W,2-9:*"+E*39*+"aP2)5+/,"d"&0*E02)."GHHScD""

#0*"5/J",4=<*)"/7",/,W,2-9:*"E52,-+"9,"!52+;2"9+"59;*56".4*"-/"-0*"+-2-*_+"3/5."J9,-*)"

359=2-*"2,."+0/)-"A)/J9,A"+*2+/,F"J0930"=26"23-"2+"<2))9*)+"2A29,+-"-0*"*+-2<59+0=*,-"/7"

,/,W,2-9:*"E52,-"+E*39*+D""14)-0*)=/)*F"-0*":2+-"=2L/)9-6"/7"-0*"+-2-*"9+"+E2)+*56"E/E452-*."

2,."4,.*:*5/E*.F"J0930")*.43*+"-0*"E/-*,-925"7/)"04=2,+"-/"+E)*2.",/,W,2-9:*"E52,-"+**."

9,-/"*3/+6+-*=+D"""""

g*-F"9,")*3*,-"6*2)+F"J2)=*)"J9,-*)+"aP02E=2,"d"M25+0"QTTRcF"5/,A*)"A)/J9,A"

+*2+/,+"aB6,*,9"et alD"QTTScF"2,."A)*2-*)"E)/E2A45*"E)*++4)*"-0)/4A0"9,3)*2+*."04=2,"

.9+-4)<2,3*+"2,."3/==*)3*"aP2)5+/,"d"&0*E02)."GHHSc"02:*"59;*56"9,3)*2+*."-0*"



"
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"

E/-*,-925"7/)",/,W,2-9:*"E52,-"*+-2<59+0=*,-"9,"!52+;2D""1/)"9,+-2,3*F"<*-J**,"QTUQ"2,."

GHHVF"-0*",4=<*)"/7",/,W,2-9:*"E52,-+")*3/).*."9,"!52+;2"02+"9,3)*2+*."<6"UVO"aP2)5+/,"

d"&0*E02)."GHHScD""M095*"-09+"-)*,."=26"<*"2")*+45-"/7"A)*2-*)"2J2)*,*++"2,."=/,9-/)9,A"

*77/)-+F"-0*"9,3)*2+*"9,",/,W,2-9:*"E52,-+"9,"!52+;2"02+"324+*."3/,3*),"2=/,A"52,."

=2,2A*)+"J0/+*"A/25"9+"-/"E)*+*):*",2-4)25"02<9-2-+"a!52+;2"P/==9--**"7/)"^/K9/4+"2,."

',:2+9:*"(52,-"B2,2A*=*,-"GHHN"2,."GHHVcD""#/"2..)*++"-0*"3/,3*),"/7"52,."=2,2A*)+F"'"

3/,.43-*."-0*"79)+-"+-4.6"/7"-0*"*3/5/A9325"9=E23-+"/7"2,"9,:2+9:*"E52,-"9,"75//.E529,"

02<9-2-+"/7"!52+;2D""""

""

Focal Species - Sweetclover 

" Melilotus alba,"0*)*27-*)")*7*))*."-/"2+"+J**-35/:*)F"9+"2"<9*,,925"5*A4=*"J9-0"

J09-*"75/J*)+"-02-"32,"E)/.43*"4EJ2).+"/7"RNHFHHH"+**.+"E*)"E52,-"a\5*<*+2.*5"QTTGb"

#4);9,A-/,"et al. QTSIcD""19)+-W6*2)"E52,-+"255/32-*"2"=2L/)9-6"/7")*+/4)3*+"-/".*:*5/E=*,-"

/7"<*5/JA)/4,."+-)43-4)*+F"J095*"+*3/,.W6*2)"E52,-+"+J9-30"-/"2</:*A)/4,.")*E)/.43-9:*"

A)/J-0"a#4);9,A-/,"et alD QTSIcD""',"9-+"+*3/,."6*2)"/7"A)/J-0F"+J**-35/:*)"32,")*230"

4EJ2).+"/7"GHH"3="9,"0*9A0-"a#4);9,A-/,"et al."QTSIcD""&J**-35/:*)"32,"A)/J"9,"2"J9.*"

)2,A*"/7"359=2-*+"2,."9+"-/5*)2,-"/7"*K-)*=*56"3/5."-*=E*)2-4)*+"af4*55*-"QTSVb"

\5*<*+2.*5"QTTGcD""&J**-35/:*)"9+"3/,+9.*)*."2")4.*)25"+E*39*+".4*"-/"9-+"35/+*"

2++/392-9/,"J9-0".9+-4)<2,3*F"+02.*W9,-/5*)2,3*F")2E9."A)/J-0F"+0/)-"597*"+E2,F"52)A*"+**."

/4-E4-F"2,."2<959-6"-/"A)/J"9,"2"J9.*")2,A*"/7"+/95+"J9-0"5/J"5*:*5+"/7"+/95"=/9+-4)*"2,."

,4-)9*,-+"a#4);9,A-/,"et al."QTSIb"(2);*)"et alD QTTRcD"""
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"

 &J**-35/:*)"9+",2-9:*"-/"%4)2+92"2,."J2+"9,-)/.43*."-/"^/)-0"!=*)932"9,"-0*"QS
-0
"

3*,-4)6"a#4);9,A-/,"et al."QTSIcD""&J**-35/:*)"J2+"59;*56"<)/4A0-"-/"^/)-0"!=*)932""2+"

2,"2A)9345-4)25"3)/ED""@4*"-/"9-+"2++/392-9/,"J9-0"+/95"Rhizobia"+ED"-02-"79K"2-=/+E0*)93"

,9-)/A*,F"+J**-35/:*)"9+":254*."2+"2",9-)/A*,W)930"7/)2A*"3)/E"2,."+/95"2=*,.*)"

a#4);9,A-/,"et al."QTSIcD""',"2..9-9/,F"+J**-35/:*)"9+"3/,+9.*)*."2":2542<5*"+/4)3*"/7"

E/55*,"7/)"0/,*6"E)/.43-9/,"a#4);9,A-/,"et al."QTSIcD""&9,3*"9-+"9,-)/.43-9/,F"+J**-35/:*)"

02+"*+32E*."7)/="2A)9345-4)25"+*--9,A+"2,."9+",/J"3/==/,"25/,A")/2.+9.*+"2,."J2+-*"

E523*+"9,"255"NH"8D&D"+-2-*+"a!52+;2"%K/-93"(52,-"',7/)=2-9/,"P5*2)9,A0/4+*"GHHNcD"""

" &J**-35/:*)"9+"3/==/,"25/,A")/2.+"2,."9+",/J"E)*+*,-"25/,A"+*:*)25")9:*)+"9,"

!52+;2"aM4)-["et al."GHHNcD""M095*"-0*"+E*39793"-9=*"/7"9,-)/.43-9/,"9,"!52+;2"9+"

4,;,/J,F"+J**-35/:*)"J2+")*E/)-*."2+"2"3/=E/,*,-"/7")/2.+9.*":*A*-2-9/,"9,"QTGT"

a\5*<*+2.*5"QTTGcD""#0*"E)*+*,3*"/7"+J**-35/:*)"25/,A")/2.+9.*+"=26")*+45-"7)/="9-+"4+*"

2+"2":*A*-2-9:*"3/:*)"-/"+-2<959[*")/2.W+9.*"+/95+"27-*)"3/,+-)43-9/,D""'-"59;*56"+E)*2."7)/="

)/2.+9.*+F"J0930"/7-*,"3)/++"2,."E2)255*5"J2-*)J26+"9,"!52+;2F"-/")9E2)92,"02<9-2-+D""&9,3*"

-0*"+**."/7"+J**-35/:*)"75/2-+"a#4);9,A-/,"et al."QTSIcF"9-"02+"-0*"E/-*,-925"-/"+E)*2."-/"

,*J"75//.E529,"02<9-2-+"72)")*=/:*."7)/="04=2,".9+-4)<2,3*+"aM4)-["2,."B232,.*)"

GHHScD""P4))*,-56F"+J**-35/:*)"9+"3/==/,"25/,A"E/)-9/,+"/7"-0*"&-9;9,*F"B2-2,4+;2F"2,."

^*,2,2">9:*)+"/7"!52+;2"aP/,,"et al."9,"E)*++cD"""

" "#0*"+E*39*+_"-)29-+"2,."-0*"302)23-*)9+-93+"/7"*2)56W+433*++9/,25"A523925"75//.E529,"

02<9-2-+"J/);"9,"3/,3*)-"-/"255/J"+J**-35/:*)"-/"+433**."9,"+/=*")9E2)92,"02<9-2-+D""%2)56W

+433*++9/,25"02<9-2-+"25/,A"A523925")9:*)+"2)*"09A056".9+-4)<*.F"+E2)+*56":*A*-2-*.F"2,."

,9-)/A*,".*7939*,-"a]2,"P5*:*"d"]9*)*3;"QTIQb"M25;*)"d"P02E9,"QTIVb"P02E9,"et al."
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GHHVcD"P*)-29,"75//.E529,+"9,"!52+;2"2EE*2)"-/"<*"9.*25"02<9-2-"7/)"+J**-35/:*)"<*324+*"/7"

9-+"E)*7*)*,3*"7/)".9+-4)<*."+9-*+"2,."9-+"2<959-6"-/"-0)9:*"/,",4-)9*,-WE//)"+/95+"a&=9-0"d"

Y/)["QTVNb"(2);*)"et al."QTTRcD""',"2..9-9/,F"-0*"2<959-6"/7"+J**-35/:*)"-/"E)/.43*"3/E9/4+"

2=/4,-+"/7"+**."-02-"2)*")*2.956".9+E*)+*."<6"J2-*)F"59;*56"255/J+"+J**-35/:*)"-/"3/5/,9[*"

2":2)9*-6"/7"75//.E529,"02<9-2-+D"

"

 Potential Impacts of Sweetclover in Alaskan Floodplain Habitats 

" ',"GHHNF"2"3/,+/)-94="/7"52,."=2,2A*)+".*:*5/E*."2")2,;9,A"+6+-*="/7"255"-0*"

,/,W,2-9:*"+E*39*+")*3/).*."9,"!52+;2"a!^$("GHHNcD""!+",/".2-2"*K9+-*.")*A2).9,A"

*3/5/A9325"9=E23-+"/7"9,:2+9:*"E52,-+"9,"!52+;2F"-09+")2,;9,A"J2+"3/,.43-*."-/"9.*,-976"

+E*39793"+E*39*+"J9-0"-0*"A)*2-*+-"E/-*,-925"-/"277*3-"*3/+6+-*=+"9,"-0*"+-2-*D""#0*")2,;9,A"

J2+"<2+*."/,"E/-*,-925"*3/5/A9325"9=E23-+F".9+E*)+25"2<959-6F"E/-*,-925".9+-)9<4-9/,F"2,."

7*2+9<959-6"/7"3/,-)/5D""&J**-35/:*)"J2+")2,;*."2=/,A"-0*"-/E"QH"9,:2+9:*"E52,-"+E*39*+"9,"

!52+;2D""&J**-35/:*)"9+"3/,+9.*)*."2"+*)9/4+"-0)*2-"-/",2-4)25"02<9-2-+"7/)"-J/"=29,"

)*2+/,+D""19)+-F".*,+*"E2-30*+"/7"+J**-35/:*)"/334)"25/,A"+/=*")9:*)+"9,"-0*"9,-*)9/)F"

+/4-0W3*,-)25F"2,."+/4-0W*2+-"E/)-9/,+"/7"!52+;2D""&9,3*"+J**-35/:*)"E2-30*+"J*)*"

/<+*):*."/:*)-/EE9,A",2-9:*":*A*-2-9/,F"-0*)*"J2+"3/,3*),"-02-"+J**-35/:*)"=9A0-"

3/=E*-*"J9-0"2,."277*3-"-0*"+-)43-4)*"/7",2-9:*"E52,-"3/==4,9-9*+D""&*3/,.F"-0*"2<959-6"/7"

+J**-35/:*)"-/"2..",9-)/A*,"-/"02<9-2-+"=26"723959-2-*"-0*"*+-2<59+0=*,-"/7"/-0*)"9,:2+9:*"

+E*39*+"2,."324+*"302,A*+"9,"-/"-0*"+-)43-4)*"/7",2-9:*"E52,-"3/==4,9-9*+"a#95=2,"QTISb"

B2)/,"d"P/,,*)+"QTTVcD"""
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" ',"=6")*+*2)30F"'"7/34+*."/,"3/=E*-9-9:*"9,-*)23-9/,+"<*-J**,"+J**-35/:*)"2,."

+**.59,A+"/7",2-9:*":*A*-2-9/,D""B6"06E/-0*+9+"J2+"-02-"+J**-35/:*)"59=9-+")*3)49-=*,-"

a9D*D"3/5/,9[2-9/,"2,."*+-2<59+0=*,-c"/7",2-9:*"+E*39*+"-0)/4A0"3/=E*-9-9/,D"">*3)49-=*,-"

9+"2"74,.2=*,-25".*-*)=9,2,-"/7"-0*"5/,AW-*)="+-)43-4)*"/7"E52,-"3/==4,9-9*+"a#95=2,"

QTTSb"P52);"et al."QTTIb"$4<<*55"et al."QTTTb"#4),<455"et al."GHHHb"1/+-*)"d"#95=2,"GHHRb"

g4);/,9+"et al."GHHNcD""B6")*+*2)30"?4*+-9/,+"J*)*h"

Qc @/*+"+J**-35/:*)"59=9-")*3)49-=*,-"/7",2-9:*"+E*39*+"25/,A"75//.E529,+"9,"

!52+;2i"

"

Gc '+"+02.9,A"2"=*302,9+="-0)/4A0"J0930"+J**-35/:*)"=26"59=9-")*3)49-=*,-"/7"

,2-9:*"+E*39*+"9,"*2)56W+433*++9/,25"75//.E529,"02<9-2-+"/7"!52+;2i"

"

Rc P2,"+J**-35/:*)"3/=E*-9-9:*56".9+E523*",2-9:*"5*A4=*+"-02-"2)*"3/==/,"9,"

*2)56W+433*++9/,25"75//.E529,"02<9-2-+"/7"!52+;2i"

 

" #/"2..)*++"?4*+-9/,"/,*F"'"3/,.43-*."2")*=/:25"*KE*)9=*,-"25/,A"-0*"$*256"2,."

^*,2,2">9:*)+"/7"9,-*)9/)"!52+;2D""'".*-*)=9,*."-0*"+4):9:25"/7",2-9:*"+**.59,A+"9,"E5/-+"

J0*)*"+J**-35/:*)"J2+")*=/:*."2,."E5/-+"J0*)*"+J**-35/:*)"J2+",/-")*=/:*.D""#/"

2..)*++"?4*+-9/,"-J/F"'"3/,.43-*."2"A)**,0/4+*"+02.*"*KE*)9=*,-D""'"A)*J"*9A0-"3/==/,"

75//.E529,"E52,-"+E*39*+"4,.*)"2")2,A*"/7"59A0-9,A"3/,.9-9/,+F"J0930"J2+")*E)*+*,-2-9:*"/7"

59A0-"5*:*5+"4,.*)"+J**-35/:*)F"2,.".*-*)=9,*."97"+J**-35/:*)"+02.9,A"9=E23-*."-0*"

A)/J-0"2,."+4):9:25"/7"*230"+E*39*+D""#/"2..)*++"?4*+-9/,"-0)**F"'"3/,.43-*."+**.59,A"

3/=E*-9-9/,"*KE*)9=*,-+"<*-J**,"+J**-35/:*)"2,."-J/"3/==/,"75//.E529,"5*A4=*+F"

Hedysarum alpinum"2,."Oxytropis campestrisD""'"4+*."79,25"0*9A0-"2,."<9/=2++"/7",2-9:*"

5*A4=*+"-/".*-*)=9,*"97"+J**-35/:*)"J2+"3/=E*-9-9:*56"./=9,2,-"9,"=9K-4)*D"">*+*2)30"

)*A2).9,A"?4*+-9/,+"/,*"2,."-J/"2)*".*+3)9<*."9,"302E-*)"-J/F"J095*"?4*+-9/,"-0)**"9+"

.*-295*."9,"302E-*)"-0)**D"""
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References 

"

!52+;2"P/==9--**"7/)"^/K9/4+"2,."',:2+9:*"(52,-"B2,2A*=*,-D"aGHHNc"V-0"!,,425"

&-2-*J9.*"^/K9/4+"2,."',:2+9:*"(52,-+"B2,2A*=*,-"M/);+0/ED"129)<2,;+F"!52+;2F"

f3-/<*)"GHHVD"

"

!52+;2"P/==9--**"7/)"^/K9/4+"2,."',:2+9:*"(52,-"B2,2A*=*,-D"aGHHVc"S-0"!,,425"

&-2-*J9.*"^/K9/4+"2,."',:2+9:*"(52,-+"B2,2A*=*,-"M/);+0/ED"!,30/)2A*F"!52+;2F"

f3-/<*)"GHHSD"

 

!52+;2"%K/-93"(52,-"',7/)=2-9/,"P5*2)9,A0/4+*D"aGHHNc"Invasive Plant of AlaskaD""!52+;2"

!++/392-9/,"/7"P/,+*):2-9/,"@9+-)93-+"(4<5932-9/,F"!,30/)2A*F"!52+;2D"

"

!52+;2"^2-4)25"$*)9-2A*"()/A)2=D"aGHHNc"Weed Ranking ProjectD""',-*),*-h"

0--EhXX2;J**.+D422D252+;2D*.4X2;J**.+j)2,;9,AjE2A*D0-=D""`2+-"233*++*."/,"B2)30"

RHF"GHHID""

""

P2)5+/,F"BD`D"d"&0*E02).F"BD"aGHHSc"#0*"+E)*2."/7"9,:2+9:*"*K/-93"E52,-+"9,"!52+;2h"9+"

*+-2<59+0=*,-"/7"*K/-93+"233*5*)2-9,Ai""',h"Meeting the Challenge:  Invasive Plants in 

Pacific Northwestern EcosystemsF"a*.+D"#DCD"$2))9,A-/,"d"&D$D">*9302).cF"EED"QQQW
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Chapter 2.  Invasive sweetclover (Melilotus alba) impacts seedling recruitment along 

floodplains in Alaska
1
 

 

Introduction 

#0*")2E9."9,3)*2+*"9,",/,W,2-9:*"E52,-+"7/4,."9,"</)*25"7/)*+-+"/7"^/)-0"!=*)932"

a>/+*"d"$*)=2,4-["GHHUb"&4=,*)+"d"!)309</5."GHHSb"P2)5+/,"d"&0*E02)."GHHSc"02+"
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359=2-*"2,."+=255"04=2,"E/E452-9/,"J*)*"59;*56"+-)/,A"<2))9*)+"2A29,+-",/,W,2-9:*"E52,-+"

*+-2<59+09,A"J9-09,"</)*25"*3/+6+-*=+D"">*3*,-"J2)=*)"J9,-*)+"aP02E=2,"d"M25+0"

QTTRcF"5/,A*)"A)/J9,A"+*2+/,+"aB6,*,9"et al."QTTScF"2,."-0*"E/-*,-925"/7"A)*2-*)"

E)/E2A45*"E)*++4)*"-0)/4A0"9,3)*2+*."04=2,".9+-4)<2,3*+"2,."3/==*)3*"aP2)5+/,"d"

&0*E02)."GHHSc"02:*"59;*56"25-*)*."-0*+*"<2))9*)+"2,."9,3)*2+*."-0*"E/-*,-925"/7",/,W

,2-9:*"E52,-"9,:2+9/,D""1/)"9,+-2,3*F"<*-J**,"QTUQ"2,."GHHVF"-0*",4=<*)"/7",/,W,2-9:*"

E52,-+")*3/).*."9,"!52+;2"02+"9,3)*2+*."<6"UVO"aP2)5+/,"d"&0*E02)."GHHScD""',"+*5*3-"

32+*+F",/,W,2-9:*"E52,-+"02:*"9,:2.*."2,."<*A4,"-/"7/)="*K-*,+9:*"E/E452-9/,+"9,",2-4)25"

02<9-2-+"/7"!52+;2"a*DAD"P/,,"et al. in presscD""&9,3*"9,:2+9:*"E52,-+"32,".)2=2-932556"25-*)"

*3/+6+-*="E)/3*++*+"2,."-0*"+-)43-4)*"/7"E52,-"3/==4,9-9*+"aM953/:*"et al."QTTIb"B23;"

et al."GHHHb"`*:9,*"et al."GHHRcF"52,."=2,2A*)+"2,.")*+*2)30*)+"2)*"3/,3*),*."-02-"

9,:2+9:*"E52,-"+E*39*+"=9A0-"<*"277*3-9,A",2-4)25"02<9-2-+"9,"-0*"+-2-*D""#/"2..)*++"-09+"

3/,3*),F"'"3/,.43-*."-0*"79)+-"+-4.6"/7"-0*"*3/5/A9325"9=E23-+"/7"2,"9,:2+9:*"E52,-"9,"

75//.E529,"02<9-2-+"/7"!52+;2D"""""

Q"&E*55=2,F"CD#D""',:2+9:*"+J**-35/:*)"aMelilotus albac"9=E23-+"+**.59,A")*3)49-=*,-"25/,A"

75//.E529,+"9,"!52+;2D""()*E2)*."7/)"+4<=9++9/,"9,"The Journal of EcologyD"
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,2-9:*"E52,-"+E*39*+"a*DAD"+*:*,",/,W,2-9:*"E52,-"+E*39*+"J*)*"7/4,."25/,A"-0*"$*256"
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-02-"02+"7/)=*.".*,+*"2,."*K-*,+9:*"E2-30*+"25/,A"+*:*)25")9:*)+"9,"!52+;2"aP/,,"et al. in 

presscD""M. albaF"0*)*27-*)")*7*))*."-/"2+"+J**-35/:*)F"9+"2"<9*,,925"5*A4=*"-02-"A)/J+"THW

GHH"3="9,"0*9A0-"2,."32,"E)/.43*"4E"-/"RNHFHHH"+**.+"E*)"E52,-"a#4);9,A-/,"et al."QTSIcD""

&J**-35/:*)"9+"J9.*56".9+-)9<4-*."25/,A")/2.+9.*+"9,"!52+;2"aM4)-["et al."GHHNcF"J0*)*"9-"

=26"02:*"<**,"+/J,"2+"2":*A*-2-9:*"3/:*)"-/"+-2<959[*")/2.W+9.*"+/95+"27-*)"3/,+-)43-9/,D""

&J**-35/:*)"A)/J9,A"25/,A")/2.+9.*+F"J0930"/7-*,"E2)255*5"2,."3)/++"J2-*)J26+"9,"

!52+;2F"59;*56"E)/:9.*."-0*"E)/E2A45*+"+J**-35/:*)")*?49)*."-/"9,:2.*")9E2)92,"02<9-2-+D""

C*324+*"-0*"+**."/7"+J**-35/:*)"75/2-+"a#4);9,A-/,"et al."QTSIcF"9-"02+"-0*"2<959-6"-/"

+E)*2."-/",*J"75//.E529,"02<9-2-+"72)")*=/:*."7)/="04=2,".9+-4)<2,3*+"aM4)-["d"

B232,.*)"GHHScD""&J**-35/:*)"9+",/J"3/==/,"25/,A"*K-*,+9:*"E/)-9/,+"/7"-0*"$*256F"

&-9;9,*F"B2-2,4+;2F"2,."^*,2,2">9:*)+"/7"!52+;2"a#2<5*"GDQb"P/,,"et al. in presscD""

&J**-35/:*)"02+"<*3/=*"/,*"/7"-0*"=/+-"J9.*+E)*2."9,:2+9:*"+E*39*+"25/,A")/2.+9.*+"

2,."25/,A"+*:*)25")9:*)+"/7"!52+;2"aM4)-["et al."GHHNb"P/,,"et al. in presscF"6*-",/-09,A"

J2+";,/J,"2</4-"-0*"E/-*,-925"7/)"9-"-/"9=E23-")9E2)92,"E52,-"3/==4,9-9*+D"

#0*"/<L*3-9:*"/7"-09+"+-4.6"J2+"-/"2..)*++"-0*"E/-*,-925"9=E23-+"/7"+J**-35/:*)"/,"

-0*+*"75//.E529,"E52,-"3/==4,9-9*+D""M095*"9,:2+9:*"+E*39*+"32,"277*3-"E52,-"3/==4,9-9*+"

-0)/4A0",4=*)/4+"=*302,9+=+"a`*:9,*"et al."GHHRcF"'"7/34+*."/,"-0*"E/-*,-925"7/)"
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2334=452-9/,"aM25;*)"d"]9-/4+*;"QTTQcF")*.43*."+/95".9+-4)<2,3*"a#0/=2+"GHHNcF"2,."

25-*)*."+/95"=93)/<925"3/==4,9-9*+"a&-9,+/,"et al."GHHVcD""!5-0/4A0"+J**-35/:*)"=26"59=9-"

)*3)49-=*,-"-0)/4A0",4=*)/4+"=*302,9+=+F"3/=E*-9-9/,"7/)"59A0-"9+"2"=2L/)"723-/)"-02-"

25-*)+"3/==4,9-6"3/=E/+9-9/,"-0)/4A0/4-"75//.E529,"+433*++9/,"9,"!52+;2"aM25;*)"d"

P02E9,"QTIVb"P02E9,"et al."QTTUb"P02E9,"et al."GHHVcD""#0*)*7/)*F"'"7/34+*."/,"+02.9,A"2+"

2"=*302,9+="<6"J0930"+J**-35/:*)"=9A0-"9=E23-"75//.E529,"02<9-2-+"/7"!52+;2D"""""

%2)56W+433*++9/,25"02<9-2-+"25/,A"A523925")9:*)+"9,"!52+;2"2)*",2-4)2556".9+-4)<*.F"

+E2)+*56":*A*-2-*."2,."/E*,"-/"59A0-"aP02E9,"et alD"GHHVcD""^2-9:*":*A*-2-9/,"J9-09,"

.9+-4)<*.")9E2)92,"2)*2+"2)*"E)9=2)956"+=255"0*)<23*/4+"E52,-+"2,."+2E59,A+"/7"+0)4<"2,."

-)**"+E*39*+"a]2,"P5*:*"d"]9*)*3;"QTIQcD""!+"75//.E529,"+433*++9/,"E)/A)*++*+F"59A0-"

2:2952<959-6"9+")*.43*."2+"+0)4<+"2,."-)**+"=2-4)*"2,."*:*,-42556"/:*)-/E"2,."*59=9,2-*"

+02.*W9,-/5*)2,-"+E*39*+"7)/="-0*"3/==4,9-6"a]2,"P5*:*"d"]9*)*3;"QTIQcD""P4))*,-56F"



"

" " " " "

QU

"

25/,A"+*:*)25"75//.E529,+"9,"!52+;2F".*,+*"+-2,.+"/7"+J**-35/:*)"/:*)-/E"*2)56W

+433*++9/,25"E52,-"3/==4,9-9*+D""'"<*59*:*"-02-"+J**-35/:*)"02+"9,-)/.43*."+02.*"9,"

02<9-2-+"J0*)*",2-9:*"E52,-+"2)*"2.2E-*."-/"09A0"59A0-"2:2952<959-6D""'"06E/-0*+9[*."-02-"-0*"

,/:*5"+02.*"*,:9)/,=*,-"3)*2-*."<6"+J**-35/:*)"/,"75//.E529,+"9+"2"=*302,9+="<6"J0930"

-09+"9,:2+9:*"3/45."59=9-"-0*")*3)49-=*,-"/7",2-9:*"+E*39*+D"

" #/"2..)*++"=6"06E/-0*+9+F"'"4+*."2"-J/WE2)-"2EE)/230h"2"79*5."+-4.6"-/".*-*)=9,*"

97"+J**-35/:*)"J2+"9=E23-9,A",2-9:*")*3)49-=*,-"2,."2"A)**,0/4+*"+-4.6"-/".*-*)=9,*"-0*"

*77*3-"/7"+02.*"/,"3/==/,"*2)56W+433*++9/,25"75//.E529,"+E*39*+D""#/".*-*)=9,*"97"

+J**-35/:*)"9=E23-+",2-9:*")*3)49-=*,-F"'"3/,.43-*."2")*=/:25"*KE*)9=*,-"25/,A"-J/"

!52+;2,")9:*)"75//.E529,+D""'"2..)*++*."-0)**"?4*+-9/,+h"aQc"@/*+"+J**-35/:*)"59=9-",2-9:*"

)*3)49-=*,-i""'"06E/-0*+9[*."-02-"3/=E*-9-9/,"7)/="+J**-35/:*)"59=9-+"-0*")*3)49-=*,-"/7"

,2-9:*"+E*39*+D""aGc"@/*+"-0*"2A*"/7"+J**-35/:*)".*-*)=9,*"-0*".*A)**"/7"9=E23-"9-"02+"/,"

,2-9:*")*3)49-=*,-i""&*3/,.W6*2)"+J**-35/:*)"9+"+4<+-2,-92556"-255*)"-02,"79)+-W6*2)"

+J**-35/:*)"a9D*D"THWGHH"3=":+D"GN"3=cD""#0*)*7/)*F"'"E)*.93-*."-02-"+02.9,A"J/45."<*"

A)*2-*)"9,"2)*2+"J9-0"+*3/,.W6*2)"+J**-35/:*)F"2,."97"59A0-"9+"2"59=9-9,A")*+/4)3*F"'"

06E/-0*+9[*."-02-"+*3/,.W6*2)"+J**-35/:*)"J/45."02:*"2"A)*2-*)"9=E23-"/,")*3)49-=*,-"

-02,"79)+-W6*2)"+J**-35/:*)D"aRc"@/*+"+J**-35/:*)"59=9-")*3)49-=*,-"/7",2-9:*"5*A4=*+"

=/)*"-02,"/-0*)"74,3-9/,25"A)/4E+i"">*+*2)30"9,"/-0*)"*3/+6+-*=+"02+"+4AA*+-*."-02-"

9,:2+9:*"+E*39*+"9=E23-"74,3-9/,2556"+9=952)"+E*39*+"=/)*"-02,"74,3-9/,2556".9++9=952)"

+E*39*+"a()9*4)W>9302)."et al."GHHHb"12)A9/,*"et al."GHHRb"#4),<455"et al."GHHNcb"'"

06E/-0*+9[*."-02-"+J**-35/:*)"J/45."02:*"2".9+E)/E/)-9/,2-*"9=E23-"/,"-0*")*3)49-=*,-"

/7",2-9:*"5*A4=*+D"""



"

" " " " "

QN

"

"" M095*"-0*")*=/:25"*KE*)9=*,-"J/45."<*"32E2<5*"/7".*-*3-9,A"-0*"3/=E*-9-9:*"

9=E23-+"/7"+J**-35/:*)F"9-"J/45."<*"4,2<5*"-/"9+/52-*"2,6"E2)-93452)"=*302,9+="-0)/4A0"

J0930"+J**-35/:*)"=9A0-"59=9-")*3)49-=*,-D""#/"9+/52-*"+02.9,A"2+"2"E/-*,-925"=*302,9+="

4,.*)569,A"-0*"9=E23-"/7"+J**-35/:*)F"'"A)*J"3/==/,"75//.E529,"+E*39*+"9,"2"A)**,0/4+*"

+02.*"*KE*)9=*,-D"',"-0*"A)**,0/4+*F"'"4+*."59A0-9,A"3/,.9-9/,+"-02-"J*)*")*E)*+*,-2-9:*"

/7"+02.9,A"4,.*)"+J**-35/:*)"E2-30*+"9,"-0*"79*5.D"""'"2..)*++*."-0*"7/55/J9,A"?4*+-9/,h""

aQc"@/*+"+02.*"+-)*++"/)";955"3/==/,"75//.E529,"+E*39*+i""C*324+*"=/+-"*2)56W

+433*++9/,25"75//.E529,"+E*39*+"2)*"3/,+9.*)*."+02.*W9,-/5*)2,-F"'"06E/-0*+9[*."-02-"

9,3)*2+*."+02.9,A"J/45."+-)*++"2,.";955",2-9:*"E52,-+D""""

" '"3/,.43-*."-0*+*"-J/"3/=E59=*,-2)6"*KE*)9=*,-+"-/"/77*)")*+*2)30*)+"2,."52,."

=2,2A*)+"9,+9A0-"9,-/"-0*"9=E23-+"+J**-35/:*)"32,"02:*"/,",2-9:*":*A*-2-9/,"2,."-/"

E)/:9.*"2"E/-*,-925"=*302,9+="-0)/4A0"J0930"+J**-35/:*)"32,"25-*)"!52+;2,"75//.E529,"

3/==4,9-9*+D"#0*"?4*+-9/,+"'"2..)*++*."0*)*"E)*+*,-"-0*"79)+-"+-*E"-/J2)."4,.*)+-2,.9,A"

-0*"9=E23-+"/7"2,"9,:2+9:*"E52,-"9,"!52+;2D""

 

Methods 

Study Sites"

" '"3/,.43-*."-0*")*=/:25"*KE*)9=*,-"25/,A"-0*"$*256"2,."^*,2,2">9:*)+"/7"

9,-*)9/)"!52+;2D""C/-0")9:*)+"2)*"E2)-"/7"-0*"g4;/,">9:*)".)29,2A*D""#0*"$*256">9:*)"+-4.6"

+9-*"aVR
!
NQ_^F"QUI

!
NR_Mc"9+"5/32-*."RH";=",/)-0"/7"@*,259"^2-9/,25"(2);"2,."()*+*):*b"

-0*"$*256">9:*)"9+"2"-)9<4-2)6"/7"-0*"^*,2,2">9:*)D""#0*"^*,2,2">9:*)"+-4.6"+9-*"

aVU
!
QR_^F"QUT

!
QV_Mc"9+"5/32-*."2EE)/K9=2-*56"NH";=",/)-0"2,."./J,+-)*2="/7"-0*"$*256"



"

" " " " "

QV

"

>9:*)"+-4.6"+9-*b"-0*"^*,2,2">9:*)"9+"2"-)9<4-2)6"/7"-0*"#2,2,2">9:*)D""%2)56W+433*++9/,25"

+/95+"25/,A"-0*"^*,2,2">9:*)"02:*"5/J"+/95",9-)/A*,"aQ"EE=",9-)/A*,F"ZD"P/,,"unpubl. 

datac"2,."2)*"+2,.6"J9-0"2",*4-)25"E$"aTHDUO"+2,.F"IDGO"+95-F"QDUO"3526"2,."2"E$"/7"SDUF"

#D"M4)-["unpubl. datacD""#0*"$*256"2,."^*,2,2">9:*)+"7)**[*".4)9,A"f3-/<*)"2,.")*=29,"

7)/[*,"4,-95"52-*"!E)95"/)"*2)56"B26D""]*A*-2-9/,"*=*)A*+"25/,A"*230")9:*)".4)9,A"52-*"

B26F"J095*"+*,*+3*,3*"/334)+".4)9,A"=9."&*E-*=<*)"apers. obsDcD""""

" %2)56W+433*++9/,25"E52,-"3/==4,9-9*+"J*)*"+4):*6*."25/,A"-0*"$*256">9:*)"+-4.6"

+9-*".4)9,A"GHHV"a#2<5*"GDQcD""'"3)*2-*."-0)**"75//.E529,"-)2,+*3-+"-02-"+-2)-*."2-"-0*"$*256"

>9:*)"2,."-*)=9,2-*."QN"="J9-09,"35/+*."7/)*+-"32,/E9*+D""15//.E529,"-)2,+*3-+"J*)*"QVH"

-/"GTH"="9,"5*,A-0D""%230"-)2,+*3-"J2+"""NHH"="2E2)-"2,."E/+9-9/,*."E*)E*,.93452)"-/"-0*"

)9:*)D""%:*)6"N"="25/,A"*230"75//.E529,"-)2,+*3-F"'"E523*."2,"I"="K"Q"="<*5-"-)2,+*3-D""

%230"<*5-"-)2,+*3-"J2+"E*)E*,.93452)"-/"9-+"2++/392-*."75//.E529,"-)2,+*3-D""'":9+42556"

*+-9=2-*."-0*"E*)3*,-"3/:*)"/7"255"+E*39*+"J9-09,"*230"<*5-"-)2,+*3-D""'"4+*."-0*"=*-0/.+"/7"

ZD"P/,,"aunpubl. datac"J0/"3/,.43-*."2"+9=952)"+4):*6"2-"=6"+-4.6"+9-*"25/,A"-0*"^*,2,2"

>9:*)"9,"GHHND""&4<+*?4*,-56F".2-2"7)/="-0*"$*256"2,."^*,2,2">9:*)"75//.E529,"+-4.6"

+9-*+"J*)*"3/=<9,*.D""#0*"QN"+E*39*+"J9-0"-0*"A)*2-*+-"3/=<9,*."3/:*)"J9-09,"=6"+-4.6"

+9-*+"J*)*"a+-2)-9,A"J9-0"-0*"=/+-"2<4,.2,-"+E*39*+ch"Populus balsamifera"`DF"

+J**-35/:*)F"Hedysarum alpinum"`DF"Elaeagnus commutata C*),0DF Alnus incana +EED"

tenuifolia"^4--DF"Oxytropis campestris"`DF"Salix alaxensis"!,.*)++/,F"Chamerion 

latifolium"`DF"Hedysarum boreale"+EED"mackenzii">9302).+/,F"Shephardia canadensis"`DF"

Picea glauca"B/*,30F"Salix niphoclada">6.<DF"Elymus trachycaulus `9,;F"Festuca rubra"

`DF"2,."Rosa acicularis"`9,.5D""P4))*,-56F"+J**-35/:*)"9+"-0*"=/+-"2<4,.2,-"+E*39*+"9,"



"

" " " " "

QS

"

*2)56W+433*++9/,25"02<9-2-+"25/,A"-0*"$*256">9:*)"a#2<5*"GDQc"2,."-09)."=/+-"2<4,.2,-"

25/,A"-0*"^*,2,2">9:*)"aZD"P/,,"unpubl. datacD"

 

Sweetclover Removal Experiment 

" #/".*-*)=9,*"J0*-0*)"+J**-35/:*)"J2+"9=E23-9,A",2-9:*")*3)49-=*,-F"'"3/,.43-*."

2")*=/:25"*KE*)9=*,-"25/,A"</-0"-0*"$*256"2,."^*,2,2">9:*)+".4)9,A"GHHV"2,."GHHSD""

1/)"*230"6*2)"2,."+9-*"3/=<9,2-9/,F"'"+*5*3-*."-J*5:*"+J**-35/:*)"E2-30*+"-02-"J*)*""""""""

N"="K"N"="9,"2)*2D""%230"E2-30"02."NHWTHO"+J**-35/:*)"3/:*)"2,."J2+"2-"5*2+-"NH"="2E2)-"

7)/="2,6"/-0*)"+*5*3-*."+J**-35/:*)"E2-30D""@4)9,A"Z4,*"GHHVF"'"E523*."2"<5/3;"/7"-0)**"G"

="K"Q"="E5/-+"J9-09,"*230"+J**-35/:*)"E2-30"2,.")2,./=56"2++9A,*."/,*"/7"7/4)"

-)*2-=*,-+h"

" aQc""255":*A*-2-9/,")*=/:*."a!]>c"

" aGc""255"+J**-35/:*)")*=/:*."a!&>c"

" aRc""255"79)+-W6*2)"+J**-35/:*)")*=/:*."aQg&>c"

" aUc""255"+*3/,.W6*2)"+J**-35/:*)")*=/:*."aGg&>cD"

',"*230"<5/3;F"/,*"E5/-"02."255":*A*-2-9/,")*=/:*."a!]>cD""#09+"-)*2-=*,-"J2+"3)*2-*."-/"

.*-*)=9,*",2-9:*")*3)49-=*,-"9,"-0*"2<+*,3*"/7"E52,-"3/=E*-9-9/,D""',"*230"<5/3;F"/,*"E5/-"

02."255"79)+-W"2,."+*3/,.W6*2)"+J**-35/:*)")*=/:*."a!&>cF"5*2:9,A"/,56",2-9:*"

:*A*-2-9/,D""#09+"-)*2-=*,-"J2+"3)*2-*."-/".*-*)=9,*"-0*"3/=E*-9-9:*"*77*3-"/7",2-9:*"

:*A*-2-9/,"/,",2-9:*")*3)49-=*,-D""',"*230"<5/3;F"</-0",2-9:*":*A*-2-9/,"2,."+J**-35/:*)"

J*)*"E)*+*,-"9,"/,*"E5/-"aQg&>"/)"Gg&>cD""$/J*:*)F"-/"9,:*+-9A2-*"97"-255*)"+*3/,.W6*2)"

+J**-35/:*)"9,754*,3*.",2-9:*")*3)49-=*,-".977*)*,-56"-02,"79)+-W6*2)"+J**-35/:*)F"'"E523*."



"

" " " " "

QI

"

0257"-0*+*"E5/-+"9,"4,97/)="E2-30*+"/7"+*3/,.W6*2)"+J**-35/:*)"aQg&>c"2,."-0*"/-0*)"0257"

9,"4,97/)="E2-30*+"/7"79)+-W6*2)"+J**-35/:*)"aGg&>cD""'")*=/:*."2,6"+J**-35/:*)"

9,.9:9.425+"/7"-0*",/,W-2)A*-*."2A*"352++"-02-"J*)*"E)*+*,-"9,"-0*+*"E5/-+D""C/-0"-0*"Qg&>"

2,."Gg&>"-)*2-=*,-+"J*)*"3)*2-*."-/".*-*)=9,*"-0*"3/=E*-9-9:*"*77*3-"/7"+J**-35/:*)"/,"

,2-9:*")*3)49-=*,-D"

" %230"-)*2-=*,-"J2+"3)*2-*."<6"359EE9,A"*9-0*)"+J**-35/:*)F",2-9:*":*A*-2-9/,F"/)"

</-0"2-"-0*"75//.E529,"+4)723*F"-2;9,A"32)*"-/"=9,9=9[*"+/95".9+-4)<2,3*D""#0*"9,9-925"

)*=/:25"/7":*A*-2-9/,".9.",/-")*+45-"9,"3/=E5*-*"=/)-259-6"/7"-2)A*-*."E52,-+b"-0*)*7/)*F"'"

)*W9=E5*=*,-*."-)*2-=*,-+"9,"Z456D""#/"2++4)*"*230"E5/-"02."-0*"+2=*",4=<*)"/7",2-9:*"

+**.59,A+"2-"-0*"<*A9,,9,A"/7"-0*"*KE*)9=*,-F"'")*=/:*."255"79)+-W6*2)",/,W+J**-35/:*)"

+**.59,A+"7)/="*230"E5/-D""#/"3/,-)/5"7/)"+J**-35/:*)"E/-*,-92556"9,754*,39,A")*3)49-=*,-"

7)/="/4-+9.*"*230"E5/-F"'"3)*2-*."2"HDN"="<477*)"25/,A"-0*"E*)9=*-*)"/7"*230"E5/-"<6"

)*=/:9,A"255"+J**-35/:*)D""@4)9,A"Z4,*"GHHSF"'")*E5932-*."-09+".*+9A,"<4-"2..*."/,*"

2..9-9/,25"-)*2-=*,-"-/"*230"<5/3;F"J0930"J2+"2"G"="K"Q"="E5/-"J0*)*"'")*=/:*.",/"

:*A*-2-9/,"a3/,-)/5cD"

" #/"-)23;"2,."3/4,-"-0*",4=<*)"/7",2-9:*"+**.59,A+"9,"*230"E5/-F"'"=2);*."*:*)6"

*=*)A9,A",2-9:*"+**.59,A".4)9,A"Z4,*F"Z456F"2,."!4A4+-D""',"&*E-*=<*)F"'".*-*)=9,*."

J0*-0*)"=2);*."+**.59,A+"+4):9:*."-0*"A)/J9,A"+*2+/,D""!"+**.59,A"-02-"+4):9:*."-0*"

A)/J9,A"+*2+/,"J2+".*79,*."2+"2")*3)49-D""@2-2"4+*."9,"2,256+*+"J*)*"-0*"E*)3*,-2A*"/7"

,2-9:*"+**.59,A+"-02-"+4):9:*."2,."-0*",4=<*)"/7")*3)49-+"2-"-0*"*,."/7"-0*"A)/J9,A"

+*2+/,D""#/"2..)*++"J0*-0*)"+J**-35/:*)"02."2".9+E)/E/)-9/,2-*"9=E23-"/,"-0*"

)*3)49-=*,-"/7",2-9:*"5*A4=*+F"9,"&*E-*=<*)"GHHSF"'"9.*,-979*."*230")*3)49-"-/"A*,4+"/)"



"

" " " " "

QT

"

+E*39*+"2,."32-*A/)9[*."-0*="<6"-0*"7/55/J9,A"74,3-9/,25"A)/4E9,A+h""-)**+"2,."+0)4<+F"

A)2=9,/9.+F"7/)<+F"2,."5*A4=*+D""#/".*-*)=9,*"E/-*,-925".977*)*,3*+"9,"-0*"?42,-9-6"/7"

59A0-"2:2952<5*"-/",2-9:*"+**.59,A+F"9,"52-*"!4A4+-"GHHSF"'"=*2+4)*."E0/-/+6,-0*-932556"

23-9:*")2.92-9/,"a(!>c"9,"*230"E5/-D""',7/)=2-9/,"/,"-0*"?42,-9-6"/7"(!>"3/45."/77*)"

9,+9A0-+"9,-/"E/-*,-925".977*)*,3*+"9,")*3)49-=*,-"2=/,A"-)*2-=*,-+D""',"-0*"+4==*)"/7"

GHHSF"*9A0-"<5/3;+"J*)*"J2+0*."2J26"9,"2"75//."25/,A"-0*"$*256">9:*)F"2,.".2-2"7)/="

-0/+*"<5/3;+"J*)*")*=/:*."7)/="255"2,256+*+D"

"""

Sweetclover Shade Determination 

" !+",/"9,7/)=2-9/,"E)*:9/4+56"*K9+-*.")*A2).9,A"-0*"2<959-6"/7"+J**-35/:*)"-/"+02.*"

75//.E529,"+4)723*+F"'"=*2+4)*."(!>"-/".*-*)=9,*"-0*")*52-9/,+09E"<*-J**,"-0*"2=/4,-"/7"

+02.*"2,."E*)3*,-"3/:*)"/7"+J**-35/:*)D""',"*2)56"2,."52-*"Z456"GHHVF"'".*-*)=9,*."-0*"

2=/4,-"/7"+02.*"<*,*2-0"RV"E2-30*+"/7"4,=2,9E452-*."+J**-35/:*)D""'".*79,*."+02.*"2+"

-0*"2=/4,-"/7"(!>"/<+-)43-*."<6"-0*"32,/E6"/7"+J**-35/:*)D""#/".*-*)=9,*"+J**-35/:*)"

+02.9,AF"'":9+42556"*+-9=2-*."+J**-35/:*)"3/:*)"J9-09,"2"Q"="K"Q"="?42.)2-"2,."-0*,"4+*."

2"`9WQTH"?42,-4="+*,+/)"2,."`9WGNH2"59A0-"=*-*)"-/"=*2+4)*"-0*"?42,-9-6"/7"(!>"a`9W

P/)F"^%F"^*<)2+;2cD""'"E523*."-0*"?42,-4="+*,+/)"E2)255*5"-/"-0*"A)/4,."2-"-0*"3*,-*)"/7"

-0*
"
?42.)2-"2,.")*3/).*."2"QNW+*3/,.W2:*)2A*."(!>":254*"au=/5"=

WG
"+
WQ
c"2-"-0*"75//.E529,"

+4)723*"2,."2</:*"-0*"+J**-35/:*)"32,/E6D""'".*-*)=9,*."+J**-35/:*)"+02.*":254*+"J9-0"

-0*"7/55/J9,A"*?42-9/,h"mQW"a(!>"<*5/J"+J**-35/:*)X(!>"2</:*"+J**-35/:*)cnoQHHD""

""

 



"

" " " " "

GH

"

Greenhouse Shade Experiment"

" #/".*-*)=9,*"97"+02.9,A"32,"+-)*++"/)";955"*2)56W+433*++9/,25"75//.E529,"E52,-"

+E*39*+F"'"3/,.43-*."2"+02.*"*KE*)9=*,-"9,"2"8,9:*)+9-6"/7"!52+;2"129)<2,;+"',+-9-4-*"/7"

!)3-93"C9/5/A6"A)**,0/4+*".4)9,A"GHHV"2,."GHHSD""&*:*,"/7"-0*"*9A0-"+E*39*+"'"4+*."J*)*"

2=/,A"-0*"QN"=/+-"2<4,.2,-"+E*39*+"2-"=6"+-4.6"+9-*+D""@4)9,A"-0*"A)/J9,A"+*2+/,"/7"

GHHVF"'"A)*J",2-9:*"5*A4=*+"aH. alpinum"2,."H. mackenziicF"2",2-9:*"7/)<"aC. latifoliumcF"

2,.",2-9:*"+0)4<+"aS. alaxensis"2,."A. tenuifoliacD""@4)9,A"-0*"A)/J9,A"+*2+/,"/7"GHHSF"'"

A)*J",2-9:*"5*A4=*+"aH. alpinum"2,."O. campestriscF"2",2-9:*"E)/+-)2-*"+0)4<"aDryas 

drummondii">9302).+/,cF"2,."2",2-9:*"-)**"aP. balsamiferacD""'"A)*J"H. alpinum </-0"

6*2)+"-/".*-*)=9,*"97"+02.*"02."2"3/,+9+-*,-"*77*3-"/,"+E*39*+"23)/++"6*2)+D"

" ',"-0*"A)**,0/4+*F"'"4+*."79:*"+02.*"-)*2-=*,-+"-/"+9=452-*"59A0-"3/,.9-9/,+"-02-"

/334)"4,.*)".977*)*,-"+J**-35/:*)".*,+9-9*+"9,"-0*"79*5.D""'"3)*2-*."-0*"79:*"+02.*"

-)*2-=*,-+"4+9,A"Q"="K"HDN"="K"HDSN"="+-)43-4)*+"3/:*)*."9,".977*)*,-".*,+9-9*+"/7"A)**,"

+02.*W35/-0h""09A0"+02.*"aIUDR"p"HDR"E*)3*,-"/<+-)43-9/,"/7"2=<9*,-"(!>cF"=*.94=W09A0"

+02.*"aSNDR"p"HDR"E*)3*,-"/<+-)43-9/,"/7"2=<9*,-"(!>cF"=*.94="+02.*"aVGDH"p"HDR"

E*)3*,-"/<+-)43-9/,"/7"2=<9*,-"(!>cF"=*.94=W5/J"+02.*"aUHDR"p"HDR"E*)3*,-"/<+-)43-9/,"

/7"2=<9*,-"(!>cF"2,."2"3/,-)/5"+-)43-4)*"J9-0",/"+02.*W35/-0D""'".*-*)=9,*."+02.*"

-)*2-=*,-":254*+"J9-0"-0*"7/55/J9,A"*?42-9/,h"mQW"a(!>"<*5/J"+02.*"+-)43-4)*X(!>"2</:*"

+02.*"+-)43-4)*cnoQHHD""%230"+02.*"-)*2-=*,-"J2+"+9A,97932,-56".977*)*,-"7)/="/,*"2,/-0*)"

aFUFUN"q"QNFTVTF"P"r"HDHHQF"#4;*6"#*+-"P"r"HDHHHQ"7/)"*230"E29)J9+*"3/=E2)9+/,cD""'-"9+"

9=E/)-2,-"-/",/-*"-02-"-0*"?42,-9-6"/7"2=<9*,-"(!>"9+")*.43*."J0*,"59A0-"*,-*)+"2"

A)**,0/4+*D""M095*"'"59;*56"32E-4)*."2")2,A*"/7"59A0-9,A"3/,.9-9/,+"4,.*)"+J**-35/:*)F"-0*"



"

" " " " "

GQ

"

+02.9,A"-)*2-=*,-+"2)*",/-".9)*3-56"3/=E2)2<5*"-/"59A0-":254*+"4,.*)"+J**-35/:*)"9,"-0*"

79*5.D"""

" ""!-"-0*"<*A9,,9,A"/7"-0*"A)/J9,A"+*2+/,"a9D*D"52-*"B26"/)"Z4,*cF"'"E523*."+**."/7"

*230"+E*39*+"9,"-0*"-/E"/7"2"3/,-29,*)"aR"3=".92=*-*)"K"QSDN"3=".**EF"+02E*."59;*"2"3/,*c"

7955*."J9-0"^*,2,2">9:*)"+*.9=*,-D""'"E)*+4=*."-02-"-09+"+4<+-)2-*"02."Frankia"2,."

Rhizobia"+EDF"J0930"2)*")*?49)*."-/"9,/3452-*"-0*")//-+"/7",W79K9,A"A. tenuifolia"2,.",2-9:*"

5*A4=*+D""#/"*,2<5*"A*)=9,2-9/,"/7"5*A4=*+F"'"+32)979*."5*A4=*"+**."J9-0"+2,."E2E*)D""

!7-*)"A*)=9,2-9/,F"255"+**.59,A+"J*)*"255/J*."-/"A)/J"4,+02.*."7/)"G"J**;+"<*7/)*"-0*"

+02.9,A"-)*2-=*,-"J*)*"2EE59*.D""%230"+02.*"-)*2-=*,-"02."-0)**"+-)43-4)*+"-02-"'"

)2,./=56"E523*."9,"-0*"A)**,0/4+*D""'"E523*."79:*"+**.59,A+"/7"*230"+E*39*+"4,.*)"*230"

+-)43-4)*D""!55"+**.59,A+")*3*9:*."2=<9*,-"59A0-"2,."J*)*"J2-*)*."J0*,"-0*"+/95"9,"-0*"

3/,-29,*)+"2EE*2)*.".)6D""'"2EE59*."J2-*)"2,."7*)-959[*)"-0)/4A0"-0*"4+*"/7"2,"/:*)0*2."

<//="-/"*,+4)*"-02-"+9=952)"J2-*)":/54=*"J2+".*59:*)*."-/"*230"+**.59,AD""%:*)6"-09)."

J2-*)9,AF"'"2EE59*."7*)-959[*)".9++/5:*."2-"2")2-9/"/7"QhQRhNH"EE="/7"^h(h\F"J0930"9+"

)*E)*+*,-2-9:*"/7"*2)56W+433*++9/,25"75//.E529,+"+/95+"aZD"P/,,"unpubl. datacD"

" '"02):*+-*."255"+4):9:9,A"+**.59,A+"27-*)"-0)**"=/,-0+"/7"A)/J-0"a9D*D"52-*"!4A4+-"

/)"&*E-*=<*)c"-/")*75*3-"-0*"+0/)-"A)/J9,A"+*2+/,"25/,A"-0*"$*256"2,."^*,2,2">9:*)"

+-4.6"+9-*+D""M095*"02):*+-9,A"E52,-+F"'"/<+*):*."-02-"-0*")//-+"/7"A. tenuifolia"2,."*230"

,2-9:*"5*A4=*"02.",/.45*+D""'"02):*+-*."+0//-+"2,.")//-+"/7"255"+**.59,A+"2,.".)9*."-0*="

2-"SH
/
"P"7/)"-J/"J**;+D""B*2+4)*."E2)2=*-*)+"J*)*"+0//-"0*9A0-F"<9/=2++"a)//-F"+0//-F"

2,."-/-25cF")//-"-/"+0//-"<9/=2++")2-9/F"2,."A)/J9,A"+*2+/,"+4):9:25D"""



"

" " " " "

GG

"

" #/".*-*)=9,*"-0*")*52-9/,+09E"<*-J**,"+02.*".4)9,A"-0*"A)/J9,A"+*2+/,"2,."/:*)W

J9,-*)9,A"=/)-259-6F"'"A)*J"QN"2..9-9/,25"+**.59,A+"/7"A. tenuifoliaF"S. alaxensisF"C. 

latifoliumF"2,."H. alpinum"4,.*)"*230"+02.*"-)*2-=*,-".4)9,A"GHHVD""',"52-*"&*E-*=<*)F"'"

E523*."-0*+*"+**.59,A+"/4-.//)+"9,"2"E52,-*)"</K"-02-"J2+"7955*."J9-0"^*,2,2">9:*)"

+*.9=*,-D""$/J*:*)F"J0*,"2":*0935*"+-)43;"-09+"E52,-*)"</KF"-0*"+2=E5*"+9[*"/7"+/=*"

+E*39*+"2,."-)*2-=*,-+"J2+")*.43*.D""!7-*)"+,/J"02."=*5-*."9,"B26"/7"GHHSF"'"

.*-*)=9,*."+4):9:25"/7"4,3/:*)*."+**.59,A+"-02-"J*)*"/:*)WJ9,-*)*."/4-+9.*D"" 

 

Statistical Analyses 

" !55"+-2-9+-9325"2,256+*+"J*)*"3/,.43-*."J9-0"&!&"TDQ"a&!&"9,+-9-4-*F"^/)-0"

P2)/59,2F"8&!cD""#/"2..)*++"-0*"79)+-"2,."+*3/,."?4*+-9/,+"/7"-0*"+J**-35/:*)")*=/:25"

*KE*)9=*,-F"'"3/,.43-*."2,256+*+"-/".*-*)=9,*".977*)*,3*+"9,")*3)49-=*,-"2=/,A"

-)*2-=*,-+D""'"4+*."7/4)W723-/)"2,256+9+"/7":2)92,3*"a!^f]!c"=/.*5+"a()/3"Y59==*KcF"

J0*)*"723-/)+"J*)*"<5/3;F"6*2)F"+9-*F"2,."-)*2-=*,-D""#/"=**-"=/.*5"2++4=E-9/,+"/7"

,/)=259-6"2,."0/=/A*,*9-6"/7":2)92,3*F".2-2")*A2).9,A"-0*"E*)3*,-2A*"/7",2-9:*"+**.59,A+"

-02-"+4):9:*."-0*"A)/J9,A"+*2+/,"J*)*"5/A9-"-)2,+7/)=*."2,."79-"-/"2"<9,/=925".9+-)9<4-9/,D""

&9=952)56F".2-2")*A2).9,A"-0*",4=<*)"/7")*3)49-+"-02-"+4):9:*."-0*"A)/J9,A"+*2+/,"J*)*"

,2-4)25"5/A"-)2,+7/)=*."2,."79-"-/"2",*A2-9:*"<9,/=925".9+-)9<4-9/,D""]2)92<959-6"2=/,A"

E5/-+"J9-09,"<5/3;+"J2+"4+*."2+"*))/)D""M9-0"+9=952)".9+-)9<4-9/,+"2,."-)2,+7/)=2-9/,+F"'"

4+*."-J/W723-/)"!^f]!"a9D*D"<5/3;"2,."-)*2-=*,-c"=/.*5+"-/".*-*)=9,*"97")*3)49-=*,-"

.977*)*."2=/,A"-0*"3/,-)/5F"Qg&>F"2,."Gg&>"-)*2-=*,-+D""#09+"J2+"./,*"-/".*-*)=9,*"97"

2"=9K*."2A*"352++"/7"+J**-35/:*)"277*3-*.")*3)49-=*,-".977*)*,-56"-02,"2"4,97/)="2A*"352++"



"

" " " " "

GR

"

/7"+J**-35/:*)D""19,2556F"'"4+*."2"/,*WJ26"!^f]!"a()/3"Y`Bc"-/".*-*)=9,*"97"

-)*2-=*,-+"324+*.".977*)*,3*+"9,"-0*"?42,-9-6"/7"2:2952<5*"(!>D""1/)"255"2,256+*+F"J0*,"

+9A,97932,-".977*)*,3*+"*K9+-*."2=/,A"723-/)+"a#"q"HDHNcF"'"4+*."E29)WJ9+*"#4;*6"-*+-+"-/"

.*-*)=9,*".977*)*,3*+"2=/,A"723-/)"5*:*5+D""#/"2..)*++"-0*"-09)."?4*+-9/,"7)/="-0*"

+J**-35/:*)")*=/:25"*KE*)9=*,-F"'"4+*."\)4+;25WM2559+"-*+-+"-/".*-*)=9,*"97"-)*2-=*,-"

324+*.".977*)*,3*+"a#"q"HDHNc"9,"-0*"2<4,.2,3*"/7"+**.59,A+"J9-09,"74,3-9/,25"A)/4E+D"'7"

+9A,97932,-".977*)*,3*+"J*)*"7/4,.F"'"4+*."2"-J/W+9.*."255W-)*2-=*,-+"=45-9E5*"

3/=E2)9+/,+"-*+-"-/".*-*)=9,*".977*)*,3*+"2=/,A"-)*2-=*,-"5*:*5+"a$/552,.*)"d"M/57*"

QTTTcD"""""""

" '"4+*."=45-9E5*"59,*2)")*A)*++9/,"-/".*-*)=9,*"-0*")*52-9/,+09E"<*-J**,".2-*"/7"

+2=E59,AF"+J**-35/:*)"3/:*)F"2,."+J**-35/:*)"+02.9,A"25/,A"-0*"$*256">9:*)"75//.E529,D""

'"3/,.43-*."2"A*,*)25"59,*2)"-*+-"-/".*-*)=9,*"97".2-*F"J0930"J2+"9,354.*."2+"2,"9,.932-/)"

:2)92<5*F"3/45."<*".)/EE*."7)/="-0*")*A)*++9/,"=/.*5"<6"3/=E2)9,A"-0*"7455"=/.*5"a9D*D"

J9-0".2-*c"-/"-0*")*.43*."=/.*5"a9D*D"J9-0/4-".2-*c"a\4-,*)"et al."GHHNcD""'7"+J**-35/:*)"

+02.9,A"J2+"+9=952)"7/)"</-0".2-*+F"-0*,".2-2"J2+"3/=<9,*.D""""

" #/"2..)*++"97"+02.*"+-)*++*.",2-9:*"75//.E529,"+E*39*+F"'"3/,.43-*."2,256+*+"-/"

.*-*)=9,*"-0*")*52-9/,+09E"<*-J**,"+02.9,A"2,."-0*"A)/J-0"/7",2-9:*"+**.59,A+D""'"4+*."

/,*WJ26"!^f]!"=/.*5+"a()/3"Y`Bc"-/".*-*)=9,*"97"+02.*"-)*2-=*,-"324+*."

.977*)*,3*+"9,"-0*"A)/J-0"E2)2=*-*)+"/7"-*+-*."+E*39*+D""M0*,",*3*++2)6F"'"5/AW"/)")2,;W

-)2,+7/)=*.".2-2"-/"=**-"=/.*5"2++4=E-9/,+"/7",/)=259-6"2,."0/=/A*,*9-6"/7":2)92,3*D""

M0*,"+9A,97932,-".977*)*,3*+"*K9+-*."a#"q"HDHNcF"'"4+*."E29)WJ9+*"#4;*6"-*+-+"-/".*-*)=9,*"

.977*)*,3*+"2=/,A"5*:*5+"/7"+02.*"-)*2-=*,-+D""#/".*-*)=9,*"97"+02.*";955*.",2-9:*"



"

" " " " "

GU

"

75//.E529,"+E*39*+F"'"3/,.43-*."2,256+*+"-/"*K2=9,*"-0*")*52-9/,+09E"<*-J**,"+02.9,A"2,."

+4):9:25"/7",2-9:*"+**.59,A+D""'"4+*."19+0*)_+"%K23-"#*+-"-/".*-*)=9,*"97".977*)*,3*+"

*K9+-*."a#"q"HDHNc"2=/,A"+02.*"-)*2-=*,-+"2,."-0*"E)/E/)-9/,"/7"+**.59,A+"-02-"+4):9:*."

.4)9,A"-0*"A)/J9,A"+*2+/,"2,."-0)/4A0/4-"-0*"J9,-*)D""M0*,"+9A,97932,-".977*)*,3*+"J*)*"

7/4,.F"'"4+*."E29)J9+*"[W-*+-+"-/".*-*)=9,*".977*)*,3*+"2=/,A"5*:*5+"/7"+02.*"-)*2-=*,-+D"""""""

 

Results"

Sweetclover Removal Experiment"

" ^2-9:*"+**.59,A")*3)49-=*,-".9.",/-".977*)"<*-J**,"E5/-+"J9-0"=9K*."2,."4,97/)="

2A*+"/7"+J**-35/:*)D""M0*,"3/=E2)9,A"-0*"3/,-)/5F"Qg&>F"2,."Gg&>"-)*2-=*,-+F"-0*"

E*)3*,-2A*"/7",2-9:*"+**.59,A+"-02-"+4):9:*."aFGFQU"q"GDUQF"P"q"HDQRc"2,.",4=<*)"/7",2-9:*"

)*3)49-+"aFGFQU"q"HDNVF"P"q"HDNVc".9.",/-".977*)"+9A,97932,-56D""#0*+*"79,.9,A+"+4AA*+-"-02-"

E5/-+"J9-0"79)+-W"2,."+*3/,.W6*2)"+J**-35/:*)"J*)*")*E)*+*,-2-9:*"/7"-0*"3/,-)/5"9,"-0*"

+J**-35/:*)")*=/:25"*KE*)9=*,-D""&9,3*"-0*"3/,-)/5".2-2"J2+")*.4,.2,-"2,."/,56"*K9+-"7/)"

GHHSF"'".)/EE*."3/,-)/5"7)/="255"2,256+*+D"

" ^2-9:*"+**.59,A")*3)49-=*,-"J2+"+9A,97932,-56"59=9-*."9,"E5/-+"J9-0"+J**-35/:*)D""

!3)/++"+-4.6"6*2)+"2,."75//.E529,"+-4.6"+9-*+F"-)*2-=*,-"02."+9A,97932,-"*77*3-+"/,"-0*"

E*)3*,-"+4):9:25"/7",2-9:*"+**.59,A+"2,.",4=<*)"/7",2-9:*")*3)49-+"a#2<5*"GDGcD""M0*,"

3/=E2)*."-/"-0*"!]>"2,."!&>"-)*2-=*,-+F"2EE)/K9=2-*56"0257"2+"=2,6",2-9:*"+**.59,A+"

+4):9:*."9,"-0*"Qg&>"2,."Gg&>"-)*2-=*,-+"a19AD"GDQ2cD""!+"2")*+45-F"J0*,"3/=E2)*."-/"

-0*"!&>"-)*2-=*,-F"-0*)*"J*)*"0257"2+"=2,6")*3)49-+"9,"-0*"Qg&>"2,."Gg&>"-)*2-=*,-+"

a19AD"GDQ<cD""#0*+*"79,.9,A+"+4AA*+-"3/=E*-9-9/,"7)/="+J**-35/:*)"+9A,97932,-56")*.43*."



"

" " " " "

GN

"

-0*"+4):9:25"/7",2-9:*"+**.59,A+"2,."59=9-*."-0*",4=<*)"/7",2-9:*")*3)49-+D""(*)3*,-"

+4):9:25"/7",2-9:*"+**.59,A+"2,.",4=<*)"/7",2-9:*")*3)49-+"9,"-0*"!]>"2,."!&>"

-)*2-=*,-+".9.",/-".977*)"a19AD"GDQ2"2,."GDQ<cF"+4AA*+-9,A",2-9:*":*A*-2-9/,".9.",/-"

3/=E*-9-9:*56"277*3-",2-9:*"+**.59,A")*3)49-=*,-D""&9=952)56F"E*)3*,-"+4):9:25"/7",2-9:*"

+**.59,A+"2,.",4=<*)"/7",2-9:*")*3)49-+"9,"-0*"Qg&>"2,."Gg&>"-)*2-=*,-+".9.",/-".977*)"

a19AD"GDQ2"2,."GDQ<cF"+4AA*+-9,A"2A*"352++".9.",/-".*-*)=9,*"-0*".*A)**"/7"9=E23-"

+J**-35/:*)"02."/,")*3)49-=*,-D"""

" >*=/:25"-)*2-=*,-+"324+*.".977*)*,3*+"9,"-0*"?42,-9-6"/7"(!>"2:2952<5*"-/",2-9:*"

+**.59,A+"9,"!4A4+-"aFRFUU"q"RNDQQF"P"r"HDHHHQcD""#0*"?42,-9-6"/7"(!>"2:2952<5*"9,"-0*"

Qg&>"2,."Gg&>"-)*2-=*,-+"J2+"+9A,97932,-56"5*++"-02,"-0*"!]>"2,."!&>"-)*2-=*,-+"aP"

r"HDHHHQcD""#04+F"+J**-35/:*)"+9A,97932,-56"59=9-*."-0*"59A0-"2:2952<5*"-/",2-9:*"+**.59,A+D""

#0*"?42,-9-6"/7"(!>"9,"-0*"!]>"2,."!&>"-)*2-=*,-+".9.",/-".977*)"a=*2,+"/7"QHNR":+D"

QHHH"4=/5"=
WG
"+
WQ
F"("q"HDSIcF"+4AA*+-9,A",2-9:*":*A*-2-9/,".9.",/-"59=9-"59A0-"-/",2-9:*"

+**.59,A+D""#0*"?42,-9-6"/7"(!>"9,"-0*"Qg&>"2,."Gg&>"-)*2-=*,-+".9.",/-".977*)"a=*2,+"

/7"NSQ":+D"USU"4=/5"=
WG
"+
WQ
F"P"q"HDVRcF"+4AA*+-9,A"-02-"-0*"59A0-"2:2952<5*"-/",2-9:*"

+**.59,A+".9.",/-".977*)"9,"E5/-+"J9-0"79)+-W"2,."+*3/,.W6*2)"+J**-35/:*)D"""""

"" M095*".*3)*2+9,A"/:*)255")*3)49-=*,-"/7",2-9:*"E52,-+F"+J**-35/:*)".9.",/-"277*3-"

+E*39793"74,3-9/,25"A)/4E+D""#0*"E)*+*,3*"/)"2<+*,3*"/7"+J**-35/:*)".9.",/-"277*3-"

+**.59,A")*3)49-=*,-"7/)"-)**+"2,."+0)4<+"aX"
G"
q"QDIIF".7"q"RF"P"q"HDVHcF"A)2=9,/9.+"as"

G"
q"

NDVQF".7"q"RF"P"q"HDQRcF"7/)<+"aX"
G
"q"QDHSF".7"q"RF"P"q"HDSIcF"/)"5*A4=*+"aX"

G
"q"HDSIF".7"q"RF"

P"q"HDINcD""M095*"2,256+*+".9.",/-".*-*3-".977*)*,3*+"9,"74,3-9/,25"A)/4E")*3)49-=*,-"

2=/,A"-)*2-=*,-+F"-0*)*"J2+"2"3/,+9+-*,-"-)*,."-02-"-0*"Qg&>"2,."Gg&>"-)*2-=*,-+"02."



"

" " " " "

GV

"

7*J*)")*3)49-+"9,"*230"74,3-9/,25"A)/4E"-02,"-0*"!&>"-)*2-=*,-"a#2<5*"GDRcD""M0*,"

5//;9,A"2-")*3)49-=*,-"2-"-0*"+E*39*+"5*:*5F"2"-/-25"/7"QV"+E*39*+"/7")*3)49-9,A"+**.59,A+"

J*)*"7/4,."23)/++"255"!&>"-)*2-=*,-"E5/-+F"QU"+E*39*+"J*)*"7/4,."23)/++"255"!]>"

-)*2-=*,-"E5/-+F"2,."/,56"QG"+E*39*+"J*)*"7/4,."23)/++"255"Qg&>"2,."Gg&>"-)*2-=*,-"

E5/-+"a#2<5*"GDUcD"""',"-0*"!&>"-)*2-=*,-F")*3)49-=*,-"/7"Festuca rubra"9,3)*2+*."=/)*"

-02,"2,6"/-0*)",2-9:*"+E*39*+"a+9KW7/5."9,3)*2+*"3/=E2)*."-/"-0*"Qg&>"2,."Gg&>"

-)*2-=*,-+F"#2<5*"GDUcD"

" ""

"Sweetclover Shade in Field Sites"

" &J**-35/:*)"+02.*".2-2"3/55*3-*."/,"</-0".2-*+"9,"Z456".9.",/-".977*)"aFQFVT"q"GDRNF"

P"qHDQRcD""&J**-35/:*)"3/:*)"02."2"E/+9-9:*")*52-9/,+09E"J9-0"+J**-35/:*)"+02.9,A"a>
G"
q"

HDIUF"P"r"HDHHQcD""@*E*,.9,A"/,"9-+"3/:*)F"+J**-35/:*)"32,"+02.*"Q"-/"TUO"/7"2:2952<5*"

(!>"25/,A"-0*"$*256">9:*)"75//.E529,"a19AD"GDGcD""(!>":254*+"3/55*3-*."2</:*"-0*"

+J**-35/:*)"32,/E6")2,A*."<*-J**,"USUDS"-/"QRUQDR"u=/5"=
WG
"+
WQ
F"J095*":254*+"<*5/J"-0*"

32,/E6")2,A*."<*-J**,"NRDR"-/"SUGDN"u=/5"=
WG
"+
WQ
D"""

"

Greenhouse Shading Experiment"

" &02.*"-)*2-=*,-+"9,"-0*"A)**,0/4+*"*KE*)9=*,-"/<+-)43-*."T"-/"INO"/7"2=<9*,-"

(!>F"J0930"J2+")*E)*+*,-2-9:*"/7"+J**-35/:*)"+02.9,A"25/,A"-0*"$*256">9:*)"75//.E529,"

a19AD"GDGcD""H. alpinum"02."+9=952)"A)/J-0"2,."+4):9:25")*+E/,+*+".4)9,A"</-0"6*2)+"/7"-0*"

+02.*"*KE*)9=*,-D""#0*+*"79,.9,A+"+4AA*+-"-02-"A)**,0/4+*"3/,.9-9/,+"J*)*"+9=952)"*230"

6*2)"2,.F"+4<+*?4*,-56F"-02-".2-2"7/)"255"+E*39*+"2)*"3/=E2)2<5*"<*-J**,"6*2)+D"""



"

" " " " "

GS

"

" ',3)*2+*."+02.9,A"02."2,"9,3/,+9+-*,-"*77*3-"/,"0*9A0-"<4-")*.43*."<9/=2++"/7"

*230"+E*39*+D""M9-0"-0*"*K3*E-9/,"/7"H. alpinumF"-0*)*"J*)*".977*)*,3*+"2=/,A"+02.*"

-)*2-=*,-+"2,."79,25"+**.59,A"0*9A0-"/7"*230"+E*39*+"a#2<5*"GDNcD""',3)*2+*."+02.9,A"

.*3)*2+*."-0*"=*2,"0*9A0-"/7"H. mackenziiF"9,3)*2+*."-0*"=*2,"0*9A0-+"/7"C. latifolium"

2,."D. drummondiiF"2,."=9,9=2556"25-*)*."-0*"0*9A0-+"/7"O. campestrisF"S. alaxensisF"A. 

tenuifolia"2,."P. balsamifera"a19AD"GDRcD""&/=*"+E*39*+"2EE*2)*."-/"02:*"2"09A0*)"

-/5*)2,3*"/7"+02.9,AD""C/-0"A. tenuifolia"2,."P. balsamifera"02."2")/<4+-"2EE*2)2,3*"

J0*,"A)/J,"4,.*)"-0*"=*.94=W09A0"2,."09A0"+02.*"-)*2-=*,-+F"J095*"*230"/-0*)"+E*39*+"

5//;*."*-9/52-*.D"%-9/52-9/,"J2+"59;*56"-0*")*+45-"/7"59=9-*."<9/=2++"E)/.43-9/,"2,."

*5/,A2-*."+**.59,A"9,-*),/.*+"2,."E*-9/5*+D""',3)*2+*."+02.9,A"5*."-/"5/J*)"<9/=2++"/7"

*230"+E*39*+"a#2<5*"GDNF"19AD"GDUcD""1/)"9,+-2,3*F"H. mackenzii"A)/J,"4,.*)"09A0"+02.9,A"

02."ITO"5*++"<9/=2++"-02,"J0*,"9-"J2+"A)/J,"4,.*)"-0*"3/,-)/5D""M9-0"-0*"*K3*E-9/,"/7"

A. tenuifoliaF".977*)*,3*+"*K9+-*."2=/,A"+02.*"5*:*5"2,.")//-W-/W+0//-")2-9/"a#2<5*"GDNcD""

1/)"277*3-*."+E*39*+F"9,3)*2+*."+02.9,A"5*."-/"<9/=2++"255/32-9/,"-02-"J2+"+;*J*."

-/J2).+"+0//-"E)/.43-9/,"a19AD"GDUcD"""

" #0*"5*:*5"/7"+02.9,A"-02-"324+*."E06+9/5/A9325"+-)*++".977*)*."2=/,A",2-9:*"

+E*39*+D""C/-0"A. tenuifolia"2,."P. balsamifera"02.",/".977*)*,3*+"9,"<9/=2++"<*-J**,"-0*"

3/,-)/5"2,."=*.94=W09A0"+02.*"-)*2-=*,-+"a19AD"GDNcF"+4AA*+-9,A"</-0"+E*39*+"J*)*"

-/5*)2,-"/7"=/.*)2-*"-/"09A0"+02.9,AD""',"3/,-)2+-F"J0*,"3/=E2)*."-/"-0*"3/,-)/5F"*230"

/-0*)"-*+-"+E*39*+"02."+9A,97932,-56"5*++"<9/=2++"J0*,"A)/J,"4,.*)"-0*"=*.94=W09A0"

+02.*"-)*2-=*,-"a19AD"GDNcb"-0*")*.43-9/,"9,"-/-25"<9/=2++"*K3**.*."VHO"7/)"H. alpinumF"



"

" " " " "

GI

"

H. mackenziiF"S. alaxensisF"2,."O. campestrisD""#0*+*"79,.9,A+"+4AA*+-"</-0"A. tenuifolia 

2,."P. balsamifera"02."2"09A0*)"-/5*)2,3*"-/"+02.*"-02,"2,6"/-0*)"-*+-"+E*39*+D"""

" &02.*"02."=9,9=25"*77*3-+"/,"+4):9:25"/7"+E*39*+".4)9,A"-0*"A)/J9,A"+*2+/,"<4-"

.*3)*2+*."+4):9:25"/7"+E*39*+"-02-"J*)*"/:*)WJ9,-*)*.D""1/)"255"+E*39*+"*K354.9,A"H. 

mackenziiF"-0*)*"J2+",/")*52-9/,+09E"<*-J**,"+02.*"5*:*5"2,."+**.59,A"+4):9:25".4)9,A"-0*"

A)/J9,A"+*2+/,"a19+0*)_+"%K23-"#*+-F"P"t"HDQNcD""1/)"H. mackenziiF"+02.*"-)*2-=*,-"

277*3-*."+4):9:25".4)9,A"-0*"A)/J9,A"+*2+/,"a19+0*)_+"%K23-"#*+-F"("q"HDHHHTcD""$/J*:*)F"

J0*,"3/=E2)9,A"255"+02.*"-)*2-=*,-+F"/,56"3/,-)/5"+**.59,A+".9*."aRRO"=/)-259-6cD""#0*"

=2L/)9-6"/7"H. mackenzii"+**.59,A+"9,"-0*"3/,-)/5"-)*2-=*,-"+4):9:*."2,."2309*:*."

/E-9=4="<9/=2++"2,."0*9A0-"a19AD"GDR"2,."GDUcF"+4AA*+-9,A"=/)-259-6"9,"-0*"-)*2-=*,-"J2+"

.4*"-/"J2-*)"+-)*++"9,"9,.9:9.425"3/,-29,*)+D""M0*,"+**.59,A+"J*)*"/:*)WJ9,-*)*.F"

9,3)*2+*."+02.9,A"5*."-/"09A0*)"=/)-259-6"/7"S. alaxensis"2,."A. tenuifolia"a19AD"GDVcD""^/"

)*52-9/,+09E"*K9+-*."<*-J**,"+02.*"-)*2-=*,-+"2,."/:*)WJ9,-*)9,A"+4):9:25"/7"H. alpinum"

/)"C. latifolium"a19AD"GDVcD""g*-"C. latifolium"+**.59,A+"/,56"+4):9:*."J0*,"A)/J,"4,.*)"

5/J"+02.*"5*:*5+F"+4AA*+-9,A"-0*"/:*)WJ9,-*)9,A"+4):9:25"/7"C. latifolium"=26"25+/"<*"

277*3-*."<6"09A0"+02.9,A"aH"/7"QG"3/=<9,*."+4):9:/)+"A)/J,"4,.*)"=*.94=W09A0"2,."

09A0"+02.*"-)*2-=*,-+cD"""

 

Discussion 

Sweetclover Impacts on Native Plant Recruitment 

" #09+"+-4.6".*=/,+-)2-*+"-02-"+J**-35/:*)"59=9-+")*3)49-=*,-"/7",2-9:*"+E*39*+"

J9-09,"!52+;2,"75//.E529,"02<9-2-+D""!-"-0*"<*A9,,9,A"/7"-0*")*=/:25"*KE*)9=*,-F"*230"



"

" " " " "

GT

"

E5/-"J2+".*:/9."/7",2-9:*"+**.59,A+D""#0)/4A0/4-"-0*"A)/J9,A"+*2+/,F"-0*"+**."<2,;"/)"

+**.")29,"+4EE59*."*230"E5/-"J9-0",2-9:*"3/5/,9[*)+D""()*+4=2<56F".977*)*,3*+"9,"

)*3)49-=*,-"<*-J**,"E5/-+"J9-0"2,."J9-0/4-"+J**-35/:*)"J*)*"-0*")*+45-"/7"9,-*)+E*39793"

3/=E*-9-9/,"<*-J**,"+J**-35/:*)"2,.",2-9:*"+**.59,A+D"""',"-0*"*,.F"3/=E*-9-9/,"<*-J**,"

+J**-35/:*)"2,.",2-9:*":*A*-2-9/,"5*."-/"-0*)*"<*9,A"0257"2+"=2,6",2-9:*")*3)49-+"9,"E5/-+"

J9-0"+J**-35/:*)"3/=E2)*."-/"E5/-+"J0*)*"+J**-35/:*)"J2+")*=/:*.D"

" #0*"2A*"/7"-0*"+J**-35/:*)")*=29,9,A"9,"-0*"E5/-+".9.",/-"277*3-"-0*".*A)**"/7"

9=E23-"9-"02."/,",2-9:*")*3)49-=*,-D""#0*)*"J*)*",/".977*)*,3*+"9,")*3)49-=*,-"<*-J**,"

E5/-+"J9-0"79)+-W6*2)"+J**-35/:*)"2,."E5/-+"J9-0"+*3/,.W6*2)"+J**-35/:*)D"'"02."/)9A9,2556"

2++4=*."2)*2+"J9-0"+*3/,.W6*2)"+J**-35/:*)"J/45."*KE*)9*,3*"-0*"A)*2-*+-"+02.9,A"2,."

+4<+*?4*,-56"02:*"-0*"5/J*+-")*3)49-=*,-D""$/J*:*)F",*2)9,A"-0*"*,."/7"-0*"A)/J9,A"

+*2+/,"9,"!4A4+-F"-0*"?42,-9-6"/7"(!>".9.",/-".977*)"<*-J**,"E5/-+"./=9,2-*."<6"*9-0*)"

2A*"352++"/7"+J**-35/:*)D"">*A2).5*++"/7"2A*F"+J**-35/:*)"+4<+-2,-92556")*.43*."</-0"-0*"

?42,-9-6"/7"(!>"2,."-0*",4=<*)"/7",2-9:*"+**.59,A+"-02-"+4):9:*.D"

" "M095*"/-0*)"+-4.9*+"02:*"+0/J,"+-)/,A*)"3/=E*-9-9:*"9,-*)23-9/,+"2=/,A"+E*39*+"

-02-"+02)*"74,3-9/,25"A)/4E9,A+"a()9*4)W>9302)."et al."GHHHb"12)A9/,*"et al."GHHRb"

#4),<455"et al."GHHNcF"9,"=6"*KE*)9=*,-"+J**-35/:*)".9.",/-".9+E)/E/)-9/,2-*56"277*3-"

5*A4=*+D""',"723-F"+J**-35/:*)".9.",/-"+*5*3-9:*56"277*3-"-0*",4=<*)"/7")*3)49-+"7/)"2,6"

74,3-9/,25"A)/4ED""#0/4A0",/"+9A,97932,-"+*5*3-9:*")*.43-9/,"9,")*3)49-+"/334))*.F"-0*)*"

J2+"2"-)*,."-02-"E5/-+"J9-0"+J**-35/:*)"02."7*J*)")*3)49-+"J9-09,"*230"74,3-9/,25"A)/4E"

2,."02."GNO"5*++"+E*39*+"-02,"E5/-+"-02-"+/5*56"02.",2-9:*":*A*-2-9/,D""#0*"2AA)*A2-*"

)*.43-9/,"/7")*3)49-=*,-"J9-09,"*230"74,3-9/,25"A)/4E")*+45-*."9,"-0*"/:*)255")*.43-9/,"/7"



"

" " " " "

RH

"

)*3)49-+"9,"E5/-+"J9-0"+J**-35/:*)D""B6")*+45-+"+4AA*+-"-02-"-0*"-)2.9-9/,25"74,3-9/,25"

A)/4E9,A+"'"4+*."=26"02:*"<**,"9,+477939*,-"-/".*+3)9<*"-0*"23-425"74,3-9/,25")*+E/,+*+"/7"

75//.E529,"+**.59,A+D""&J**-35/:*)"=26"9=E23-"+E*39*+"J9-0"2"+E*39793"+49-*"/7"-)29-+"-02-"

-0*"74,3-9/,25"A)/4E9,A+"7295*."-/"9+/52-*D""1/)"*K2=E5*F"F. rubra"35*2)56"02.")*.43*."

)*3)49-=*,-"9,"-0*"E)*+*,3*"/7"+J**-35/:*)"2,."=26"+02)*"-)29-+"J9-0"-0*"9,:2+9:*"-02-"

324+*."+-)/,A"3/=E*-9-9:*"9,-*)23-9/,+D""(*)02E+")*+45-+"J/45."9,.932-*"+-)/,A*)"

9,-*)23-9/,+"97"'"A)/4E*."+E*39*+"<6"/-0*)"74,3-9/,25"A)/4E9,A+F"+430"2+".9+-4)<2,3*"

+E*39259+-+"/)"+5/JWA)/J9,A"E*)*,,925+D""14)-0*)F"A9:*,"-0*"+*--9,A"/7"=6"+-4.6"+9-*+F"-0*"

=*-0/.+"4+*."9,"-0*")*=/:25"*KE*)9=*,-"=9A0-"<*"9,2.*?42-*"-/"2..)*++"-0*"9=E23-+"

+J**-35/:*)"02+"/,"+E*39793"74,3-9/,25"A)/4E+"/)"+E*39*+D"""""""""""

" !"523;"/7"E)/E2A45*+"=26"E2)-92556"*KE529,"J06"'"J2+"4,2<5*"-/".*-*3-".977*)*,3*+"

9,"-0*")*+E/,+*+"/7"+E*39793"74,3-9/,25"A)/4E+"-/"+J**-35/:*)D""C/-0"/7"-0*"+9-*+"4+*."9,"

-09+"+-4.6"2)*"09A056".9+-4)<*."2,."02:*"+E2)+*"2,."E2-306",2-9:*":*A*-2-9/,D""!+"2")*+45-F"

-0*)*"J*)*"2"59=9-*.",4=<*)"/7")*3)49-+"9,"*230"74,3-9/,25"A)/4E"23)/++"255"*KE*)9=*,-25"

E5/-+D""1/)"9,+-2,3*F"-0*",4=<*)"/7"5*A4=*")*3)49-+"-02-"+4):9:*."2"A)/J9,A"+*2+/,"J2+"

QDQ"+**.59,A+"9,"E5/-+"J9-0"+*3/,.W6*2)"+J**-35/:*)"<4-"/,56"GDI"+**.59,A+"9,"E5/-+"J0*)*"

+J**-35/:*)"J2+")*=/:*.D""'-"9+"E/++9<5*"-02-"-0*")*+45-+"-02-"9,.932-*."+J**-35/:*)"59=9-+"

)*3)49-=*,-"-0)/4A0"3/=E*-9-9/,"2)*"3/,7/4,.*."J9-0"2"E/-*,-925"523;"/7",2-9:*"

E)/E2A45*+D""`9=9-2-9/,"/7"+**."J2+"2,"9=E/)-2,-"723-/)"9,".*-*)=9,9,A"3/==4,9-6"

3/=E/+9-9/,"9,"/-0*)"*3/+6+-*=+"aZ23;+/,"QTINb"#95=2,"QTTSb"&*2<5//="et al."GHHRb"

&9*=2,,"d">/A*)+"GHHVc"2,."=9A0-"25+/"<*"9=E/)-2,-"25/,A"75//.E529,"E52,-"

3/==4,9-9*+"9,"!52+;2D""',"2"3/=E*-9-9/,"*KE*)9=*,-"'"3/,.43-*.F"+J**-35/:*)"+**.59,A+"



"

" " " " "

RQ

"

A)/J,"2-"09A0".*,+9-9*+".9.",/-"3/=E*-9-9:*56"+4EE)*++"+**.59,A+"/7"*9-0*)"H. alpinum"/)"

O. campestris"aP02E-*)"RcD""#09+"+4AA*+-+"+/=*"+E*39*+"9,"=6")*=/:25"*KE*)9=*,-"J*)*"

,/-"3/=E*-9-9:*56".9+E523*."<6"+J**-35/:*)"<4-"J*)*"+**."59=9-*.".4*"-/"-0*"+E2)+*"2,."

E2-306",2-4)*"/7"-0*+*"75//.E529,"E52,-"3/==4,9-9*+D""',"-0*"74-4)*F"-0*"2..9-9/,"/7",2-9:*"

+**.":92"+**."2..9-9/,"*KE*)9=*,-+"a#4),<455"*-"25D"GHHHc"=9A0-"0*5E".*-*)=9,*"-0*"

9=E23-"+J**-35/:*)"02+"-/"+E*39793"74,3-9/,25"A)/4E+"/)"+E*39*+D"""

" ""

Shading as a Mechanism Underlying Sweetclover Impacts 

" &J**-35/:*)"02+"25-*)*."-0*"E06+9325"+-)43-4)*"/7"75//.E529,"02<9-2-+"<6"+02.9,A"

2)*2+"-02-"J*)*"E)*:9/4+56"/E*,"-/"59A0-D""P/==/,"!52+;2,"+E*39*+"2.2E-*."-/"*2)56W

+433*++9/,25"02<9-2-+"J*)*"*230"+0/J,"-/"<*"+02.*W9,-/5*)2,-"a9D*D"9,3)*2+*."+02.9,A"5*."

-/"*-9/52-9/,F".*3)*2+*."<9/=2++F"+;*J*."+0//-"<9/=2++"255/32-9/,F"2,.X/)"9,3)*2+*."/:*)W

J9,-*)9,A"=/)-259-6cD""P5*2)56F"+02.9,A"<6"+J**-35/:*)"02+"-0*"E/-*,-925"-/"+-)*++"2,.F"

J0*,"+**.59,A+"J*)*"/:*)WJ9,-*)*.F";955"-0*")*3)49-+"/7"*2)56W+433*++9/,25"75//.E529,"

E52,-+D""$/J*:*)F"'"7/4,.",/")*52-9/,+09E"<*-J**,"+02.9,A"2,."A)/J9,A"+*2+/,"=/)-259-6"

9,"-0*"A)**,0/4+*D""#0*)*7/)*F"3/=E*-9-9/,"7/)"59A0-"25/,*"./*+",/-"2EE*2)"-/"*KE529,"

/<+*):2-9/,+"7)/="-0*")*=/:25"*KE*)9=*,-D"""""" " " "

" #0/4A0"'"9+/52-*."59A0-"2+"2"E/-*,-925"=*302,9+="-0)/4A0"J0930"+J**-35/:*)"

3/45."9=E23-"E52,-"3/==4,9-9*+F"+J**-35/:*)"59;*56"59=9-*.",2-9:*")*3)49-=*,-"-0)/4A0"

3/=E*-9-9/,"7/)"+*:*)25"2..9-9/,25")*+/4)3*+"9,354.9,A"+E23*F"J2-*)F"2,."+/95",4-)9*,-+D""

&J**-35/:*)"32,"E)/.43*"RNHFHHH"+**.+"E*)"E52,-"a#4);9,A-/,"et al."QTSIcD""&430"3/E9/4+"

+**."E)/.43-9/,"=26"+2-4)2-*"2:2952<5*"+9-*+"7/)"*+-2<59+0=*,-F".*3)*2+9,A"-0*",4=<*)"/7"



"

" " " " "

RG

"

,2-9:*"A*)=9,2-*+"-02-"+4):9:*.".4)9,A"-0*"A)/J9,A"+*2+/,"a+*,+4"C)/J,"d"1)9.5*6"

GHHRcD""14)-0*)=/)*F"-0*")2E9."A)/J-0"/7"+J**-35/:*)"=26")*.43*"+/95"=/9+-4)*"2,."

,4-)9*,-+"<*5/J"2"-0)*+0/5."-02-"32,"+4EE/)-",2-9:*"+**.59,A+D""1/)"9,+-2,3*F"2"+-4.6"9,"

>/3;6"B/4,-29,"^2-9/,25"(2);"9,.932-*."-02-"2)*2+"J9-0"2"+9=952)"9,:2+9:*"+E*39*+"

aMelilotus officinalisc"02."5*++"+/95"=/9+-4)*F"E0/+E0/)/4+F"2,.",9-)/A*,"-02,"2)*2+"

J9-0/4-"M. officinalis"aM/57"et al."GHHRcD"""

" !5-0/4A0"+J**-35/:*)"3/=E*-9-9/,"J2+"+0/J,"-/"277*3-",2-9:*"+**.59,A+F"9,:2+9:*"

E52,-+"2)*"25+/";,/J,"-/"723959-2-*")*3)49-=*,-"a#*33/"et al."GHHVcD""&J**-35/:*)"3/45."

</-0"+4EE)*++"2,."723959-2-*",2-9:*"+**.59,A")*3)49-=*,-D""1/)"9,+-2,3*F"+J**-35/:*)"

+02.9,A"32,"+-)*++",2-9:*"E52,-"+E*39*+".4)9,A"9-+"-J/W6*2)"597*"3635*"2,.F"27-*)"=/)-259-6F"

=26"2..",9-)/A*,"-/"+/95+"-02-"3/45."<*,*79-"+**.59,A")*3)49-=*,-"9,"-0*"74-4)*"a+*,+4".*5"

B/)25"d"C59++"QTTRb"P2552J26"d"M25;*)"QTTScD""&J**-35/:*)F"2..9,A",9-)/A*,"9,"

75//.E529,"02<9-2-+F"=26"25+/"723959-2-*"-0*"9,:2+9/,"/7"/-0*)",/,W,2-9:*"E52,-"+E*39*+"

a+*,+4"B2)/,"d"P/,,*)+"QTTVcD""ZD"P/,,"et al."ain reviewc"7/4,."-02-"-0*",/,W,2-9:*"

E52,-+"Crepis tectorum"2,."Taraxacum officinale"J*)*"E/+9-9:*56"3/))*52-*."J9-0"

+J**-35/:*)"9,")9E2)92,"02<9-2-+"/7"!52+;2F"+4AA*+-9,A"+J**-35/:*)"=26"<*"723959-2-9,A"-0*"

9,:2+9/,"/7"+*5*3-",/,W,2-9:*"+E*39*+D""#0*".977*)*,3*+"9,"+02.*"-/5*)2,3*"2=/,A"3/==/,"

75//.E529,"+E*39*+"+4AA*+-"+J**-35/:*)"3/=E*-9-9/,"J955"277*3-"+/=*"+E*39*+"=/)*"-0*,"

/-0*)+D"""

" M0*,")*+45-+"7)/="-0*"A)**,0/4+*"+02.9,A"*KE*)9=*,-"2)*"E4-"9,"3/,-*K-"/7"

75//.E529,"+433*++9/,"9,"9,-*)9/)"!52+;2F"-0*"79,.9,A+"+4AA*+-"+J**-35/:*)"J955"/,56"

9=E23-"*2)56W+433*++9/,25"E52,-"3/==4,9-9*+D""#0*"=2L/)9-6"/7"3/==/,"75//.E529,"



"

" " " " "

RR

"

+E*39*+"'"-*+-*."J*)*",/-"-/5*)2,-"/7"=/.*)2-*"5*:*5+"/7"+02.9,A"2,."2)*"59;*56"75//.E529,"

E9/,**)"+E*39*+"a9D*D"H. alpinumF"H. mackenziiF"C. latifoliumF"S. alaxensisF"O. campestrisF"

2,."D. drummondiicD""15//.E529,"E9/,**)+"2)*"-6E932556")*E523*."7)/="-0*"3/==4,9-6"2+"

+433*++9/,"E)/A)*++*+"2,."59A0-"<*3/=*+"2"59=9-9,A"723-/)D""f7"-0*"+E*39*+"'"3/,+9.*)"-/"<*"

75//.E529,"E9/,**)+F"/,56"S. alaxensis"9+"3/,+9.*)*."2"./=9,2,-"+E*39*+"2,."9-"/,56"

./=9,2-*+"-0*"*2)59*+-"+-2A*+"/7"+433*++9/,"a]2,"P5*:*"d"]9*)*3;"QTIQcD""P/=E2)*."-/"

E9/,**)"+E*39*+F"A. tenuifolia"2,."P. balsamifera"02."2"09A0*)"-/5*)2,3*"-/"+02.9,AD""C/-0"

+E*39*+"*:*,-42556")*E523*"S. alaxensis"2,."./=9,2,-"52-*)"+-2A*+"/7"75//.E529,"+433*++9/,"

a]2,"P5*:*"d"]9*)*3;"QTIQcD""'7"+02.9,A"<6"+J**-35/:*)"9+"2"=2L/)"723-/)"59=9-9,A"

)*3)49-=*,-F"-0*,"'"<*59*:*"+J**-35/:*)"J955"02:*"-0*"52)A*+-"9=E23-+"/,"E9/,**)"+E*39*+"

-02-"/334)"9,"-0*"*2)59*+-"+-2A*+"/7"75//.E529,"+433*++9/,D"""

" M095*"</-0"/7"=6"+-4.9*+"J*)*"+0/)-W-*)="*KE*)9=*,-+F")*+45-+"/<-29,*."9,.932-*"

+J**-35/:*)"=26"02:*"5/,AW-*)="9=E23-+"-/"75//.E529,"02<9-2-+D""&J**-35/:*)"9+"2=/,A"

-0*"-0)**"=/+-"2<4,.2,-"+E*39*+"9,"</-0"/7"=6"+-4.6"+9-*+"2,.F"+4<+*?4*,-56F"02+"277*3-*."

-0*"3/=E/+9-9/,"/7"E52,-"3/==4,9-9*+"25/,A"-0*"$*256"2,."^*,2,2">9:*)+D""$/J*:*)F"2+"

,/".2-2"*K9+-"7/)"=6"+9-*+")*A2).9,A"3/,.9-9/,+"E)9/)"-/"9,:2+9/,F"9-"9+".9779345-"-/"

.*-*)=9,*"97"+J**-35/:*)"02+"25)*2.6"9=E23-*."<9/.9:*)+9-6"25/,A"*9-0*)")9:*)_+"

75//.E529,+D"">*A2).5*++F"+J**-35/:*)"02+"25-*)*."-0*"E06+9325"+-)43-4)*"/7"*2)56W

+433*++9/,25"02<9-2-+"-0)/4A0"+02.9,A"2,."9+"34))*,-56"59=9-9,A"-0*")*3)49-=*,-"/7",2-9:*"

E52,-"+E*39*+D""&9,3*")*3)49-=*,-"59=9-2-9/,"J2+"2,"9=E/)-2,-"723-/)"-02-"+-)43-4)*."E52,-"

3/==4,9-9*+"9,"/-0*)"*3/+6+-*=+"aP52);"et al."QTTIb"$4<<*55"et al."QTTTb"1/+-*)"d"

#95=2,"GHHRcF"'"<*59*:*"+J**-35/:*)"J955"02:*"5/,AW-*)="9=E23-+"J9-09,"75//.E529,"
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"

02<9-2-+"/7"!52+;2D""$/J*:*)F"-0*"9=E23-+"/7"+J**-35/:*)"J955"59;*56"<*"7/34+*."9,"*2)56W

+433*++9/,25"75//.E529,"02<9-2-+D"

"

Conclusions"

" '"7/4,."-02-"+J**-35/:*)"9=E23-*.")*3)49-=*,-"J9-09,"75//.E529,"02<9-2-+"/7"

!52+;2D""f7-*,")*+*2)30*)+"7295"-/".*-*)=9,*"-0*"4,.*)569,A"=*302,9+=+"2++/392-*."J9-0"

2,"9,:2+9:*"+E*39*+"25-*)9,A"-0*"+-)43-4)*"/7"2,"9,:2.*."3/==4,9-6"a(2);*)"d">*9302)."

QTTIb"`*:9,*"et alD"GHHRcD""\,/J5*.A*")*A2).9,A"=*302,9+=+"-02-"302,A*"3/==4,9-9*+"9+"

:9-25"97"-0*"A/25"/7"2"52,."=2,2A*)"9+"-/")*+-/)*",2-9:*"+E*39*+"-/"+6+-*=+"./=9,2-*."<6"

9,:2+9:*"E52,-"+E*39*+"a`*:9,*"et al."GHHRcD""'".*=/,+-)2-*."-02-"+02.9,A"9+"2"=*302,9+="

-0)/4A0"J0930"+J**-35/:*)"32,"+-)*++"+**.59,A+"/7"*2)56W+433*++9/,25"75//.E529,"+E*39*+D""

$/J*:*)F")*3)49-=*,-"59=9-2-9/,"J2+"59;*56"324+*."<6"3/=E*-9-9/,"7/)"+*:*)25"59=9-*."

)*+/4)3*+D""B6"+-4.6")*E)*+*,-+"2"79)+-"+-*E"-/J2)."4,.*)+-2,.9,A"-0*"3/=E5932-*."

9,-*)23-9/,+"2=/,A"+J**-35/:*)"2,."75//.E529,":*A*-2-9/,"/7"!52+;2D"

" >*+45-+"A29,*."7)/="-0*+*"-J/"3/=E59=*,-2)6"*KE*)9=*,-+"32,"<*"4+*."<6"52,."

=2,2A*)+"-/"*,02,3*"E4<593"2J2)*,*++"2,.".9)*3-"E/5936"-/J2).+"E)/-*3-9,A"-0*",2-4)25"

02<9-2-+"/7"!52+;2D""'"0/E*"-0*+*")*+45-+"J955"<*"4+*."-/"A*,*)2-*"?4*+-9/,+"7/)"74-4)*"

)*+*2)30D""1/)"9,+-2,3*F"2)*",2-9:*"+E*39*+"+**."59=9-*.F"3/=E*-9-9:*56"+4EE)*++*."<6"

+J**-35/:*)F"/)"</-0i""'7"2"E52,-"9+"2"+4E*)9/)"3/=E*-9-/)"<4-"+**."59=9-*.F"<)/2.32+-9,A"

-02-"+E*39*+_"+**."J9-09,"75//.E529,"02<9-2-+"=9A0-"<*"2,"2EE)/230"-/"3/,-)/5"+J**-35/:*)D""

',"-0*"*,.F"=/)*")*+*2)30"9+")*?49)*."-/"4,.*)+-2,."-0*"+0/)-"2,."5/,AW-*)="9=E23-+"



"
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RN

"

+J**-35/:*)"02+"J9-09,"!52+;2_+"75//.E529,"02<9-2-+"2,."-/"*KE5/)*"*77*3-9:*")*+-/)2-9/,"

+-)2-*A9*+D""

"
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Table 2.1D""#0*"GH"=/+-"2<4,.2,-"E52,-"+E*39*+"25/,A"-0*"$*256">9:*)D""#0*"3/:*)"

/7"*230"+E*39*+"J2+":9+42556"*+-9=2-*." 9," -0)**" 75//.E529," -)2,+*3-+D" "&E*39*+"2)*"

)2,;*."<6"=*2,"E*)3*,-"3/:*)D""&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D""""

&E*39*+" (*)3*,-"P/:*)"

Melilotus alba ""SDVH"""aQDQc"

Populus balsamifera ""SDNQ"""aQDHc"

Alnus sinuata ""RDTR"""aHDTc"

Salix alaxensis ""QDGV"""aHDGc"

Oxytropis campestris ""QDGH"""aHDGc"

Chamerion latifolium ""QDHI"""aHDGc""

Hedysarum boreal spp. mackenzii ""HDTN"""aHDGc"

Shephardia canadensis ""HDIU"""aHDRc"

Salix niphoclada ""HDVR"""aHDRc"

Elaeagnus commutata ""HDNT"""aHDRc"

Hedysarum alpinum ""HDNI"""aHDQc"

Picea glauca ""HDNQ"""aHDRc"

Rosa acicularis ""HDRR"""aHDGc"

Chamerion angustifolium ""HDGI"""aHDQc"

Elymus trichocarpa ""HDGV"""aHDQc"

Achillea millefolium """"""""""""""""""""""""""HDGH"""aHDHUc"

Salix setchelliana
u
 "HDQI"""aHDQc"

Calamagrostis canadensis """"""""""""""""""""""""""HDQN"""aHDHUc"

Potentilla fruiticosa """"""""""""""""""""""""""HDQQ"""aHDQc"

                Astragalus alpinus                                         """"HDQH"""aHDHUc"

&E*39*+"9,"</5."J*)*"4+*."9,"2"A)**,0/4+*"+02.9,A"*KE*)9=*,-D""
"

u""
S. setchelliana"9+"*,.*=93"-/"!52+;2D"

v
"!=/,A"-0*"GH"=/+-"2<4,.2,-"E52,-+F"M. alba"9+"-0*"/,56",/,W,2-9:*"+E*39*+D""

f-0*)",/,W,2-9:*"+E*39*+"+4):*6*."J*)*"Bromus inermusF"Elymus sibiricusF"

Hordeum jubatumF"Taraxicum"officinalisF"Crepis tectorumF"2,."Melilotus 

officinalisD"""
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Table 2.2D" " ">*+45-+")*A2).9,A"-0*")*3)49-=*,-"/7",2-9:*"+**.59,A+"9,"2")*=/:25"*KE*)9=*,-D""@2-2"J2+"

3/55*3-*."25/,A"-0*"$*256"2,."^*,2,2">9:*)+".4)9,A"GHHV"2,."GHHSD""

&/4)3*" @1" 1" (" &/4)3*" @1" 1" ("

E*)3*,-"+4):9:25" " "  ,4=<*)"/7")*3)49-+" " "  

C5/3;ag*2)o&9-*c" RV" ""QDRI"    HDQR" C5/3;ag*2)o&9-*c" RV" ""NDTN"  <0.0001

g*2)" Q" URDSH" < 0.0001 g*2)" Q" IVDGI" < 0.0001

&9-*" Q" ""NDIS"    0.02 &9-*" Q" RQDQI" < 0.0001

g*2)o&9-*" Q" ""SDVV"    0.007 g*2)o&9-*" Q" ""NDSN"    0.02 

#)*2-=*,-" R" ""SDHH"    0.004 #)*2-=*,-" R" ""NDHH"    0.003 

g*2)o#)*2-=*,-" R" ""HDHH" """HDTT" g*2)o#)*2-=*,-" R" ""QDSS" """HDQV"

&9-*o#)*2-=*,-" R" ""HDUS" """HDSH" &9-*o#)*2-=*,-" R" ""HDQU" """HDTR"

g*2)o&9-*o#)*2-=*,-" R" ""QDVU" """HDQT" g*2)o&9-*o#)*2-=*,-" R" ""GDHV" """HDQQ"

%))/)"" VU" " " %))/)" VU" " "
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"

Fig. 2.1D""a!c"#0*"E*)3*,-2A*"/7",2-9:*"+**.59,A+"2,."aCc",4=<*)"/7",2-9:*")*3)49-+"

-02-" +4):9:*." 9," -0*" )*=/:25" *KE*)9=*,-D" " @2-2" 2)*" 5*2+-W+?42)*"=*2,+" 2,." <2)+"

9,.932-*" +-2,.2)." *))/)+D" " @977*)*,-" 5*--*)+" 9,.932-*" -)*2-=*,-" =*2,+" .977*)*."

+9A,97932,-56"aE"r"HDHNcD "

"

a!c"

aCc"
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Table 2.3." "B*2," ,2-9:*" )*3)49-+" A)/4E*." <6" 74,3-9/,25" A)/4ED" "@2-2"J2+" 3/55*3-*."

25/,A"-0*"$*256"2,."^*,2,2">9:*)+".4)9,A"GHHSD""&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D"""""

" 14,3-9/,25"Y)/4E+"

#)*2-=*,-" ," -)**+"2,."+0)4<+" A)2=9,/9.+" 7/)<+" 5*A4=*+"

!]>" QV" GDV"aGDVc" """"GDN"aQDQc" QNDV"aSDNc" QDV"aQDHc"

!&>" QV" VDR"aVDQc" ""QVDQ"aVDTc" QHDR"aUDRc" GDI"aGDHc"

Qg&>" T" HDR"aHDGc" """"NDV"aGDGc" QHDG"aRDSc" QDQ"aHDSc"

Gg&>" S" """""""HDS"aHDSc" ""QQDU"aNDGc" ""UDS"aGDRc" GDU"aGDRc"

o"^/"/<+*):*."+-2-9+-9325".977*)*,3*+D"
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Table 2.4." "B*2,",2-9:*")*3)49-+"A)/4E*."<6"A*,4+"2,.X/)"+E*39*+D" "@2-2"J2+"3/55*3-*."25/,A" -0*"$*256"2,."

^*,2,2">9:*)+".4)9,A"GHHSD""&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D"

#)*2-=*,-+"
14,3-9/,25"

Y)/4E"
&E*39*+" !]>""""""""""""

a,qQVc""""""""

!&>""""""""""

a,qQVc"

Qg&>"""""""""

a,qTc"

Gg&>"""""""""

a,qSc"

#)**X&0)4<" Populus balsamifera HDQ"aHDQc" """"""HDV"""aHDNc" HDQ"aHDQc" HDR"aHDRc"

" Alnus sinuata HDQ"aHDQc" " " "

" Salix"+ED GDU"aGDUc" """"""NDS"""aNDVc" HDG"aHDGc" HDU"aHDUc"

Y)2=9,/9." Hordeum jubatum " """"""HDG"""aHDGc" " "

" Elymus sibiricus " """"""HDQ"""aHDQc" HDQ"aHDQc" "

" Elymus trachycaulus QDS"aHDSc" """"""GDV"""aQDIc" RDV"aQDSc" TDU"aNDUc"

" Festuca rubra HDI"aHDUc" """"""QRDG"""aVDVc" QDT"aQDGc" GDH"aHDSc"

1/)<" Crepis elegans QRDS"aVDTc" """"""SDT"""aUDUc" TDQ"aRDIc" GDS"aQDIc"

" Chamerion latifolium " """"""HDQ"""aHDQc" " HDQ"aHDQc"

" Achillea millefolium HDR"aHDGc" """"""HDQ"""aHDQc" HDQ"aHDQc" "

" Aster sibiricus HDG"aHDQc" """"""HDR"""aHDGc" HDQ"aHDQc" HDV"aHDUc"

" Artemisia tillesii HDQ"aHDQc" """"""HDQ"""aHDQc" " "

" Antennaria sp. QDR"aQDHc" """"""QDI"""aQDGc" HDT"aHDVc" QDR"aQDRc"

" Erigeron sp. HDQ"aHDQc" """"""HDQ"""aHDQc" " "

`*A4=*" Hedysarum alpinum HDU"aHDGc" """"""HDV"""aHDRc" HDV"aHDVc" HDQ"aHDQc"

"
Hedysarum boreal +EED 

mackenzii 
HDV"aHDUc" """"""GDQ"""aQDIc" HDV"aHDVc" GDR"aGDRc"

" Oxytropis campestris HDV"aHDVc" """"""HDG"""aHDQc" " "

" #/-25+" GGDR"aHDVc" "RNDV"aQHDUc" QSDG"aUDVc" QTDR"aNDGc"

" " " " " "
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Fig. 2.2." "#0*" )*52-9/,+09E"<*-J**,"+J**-35/:*)"+02.9,A"2,."+J**-35/:*)"3/:*)D""

@2-2" J2+" 3/55*3-*." 25/,A" -0*" $*256" >9:*)" 9," !52+;2D" " &02.*" :254*" *?42-9/,h"

mQW"a(!>"<*5/J"+J**-35/:*)X(!>"2</:*"+J**-35/:*)cnoQHHD""""
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Table 2.5D"">*+45-+")*A2).9,A"-0*"A)/J-0"/7",2-9:*"+E*39*+"4,.*)"79:*"+02.*"-)*2-=*,-+D""

Y)/J-0"(2)2=*-*)+"
&E*39*+"

"""""""""""""$*9A0-"" 19,25"C9/=2++"" >//-"h"&0//-">2-9/"

H. alpinum GHHV HDTaUFVIc" GRDIaUFVIc"ooo" """VDHaUFVIc"oo"

H. alpinum GHHS GDUaGFUQc" URDTaGFUQc"ooo" "QHDUaGFUQc"oo"

H. mackenzii QUDHaUFVNc"ooo" SVDGaUFVNc"ooo" """VDQaUFVNc"oo"

O. campestris UDGaUFVIc"oo" RGDUaUFVIc"ooo" """VDNaUFVIc"oo"

C. latifolium UDGaUFVIc"oo" RTDUaUFVIc"ooo" "RDGaUFVIc"o"

D. drummondii UUDHaUFVTc"ooo" VDSaUFVTc"ooo" """GSDUaUFVTc"ooo"

S. alaxensis GDSaUDSHc"o" RUDTaUDSHc"ooo" """GHDHaUDSHc"ooo"

A. tenuifolia GDIaUFSHc"o" UDIaUFSHc""oo" """""""""GDUaUFSHc""

P. balsamifera NDIaUFVVc"oo" QVDSaUFVVc"ooo" ""VDVaUFVVc"oo"

o"]254*+"2)*"/<+*):*."1"7)/="-0*"!^f]!"=/.*5"2,."-0*"3/))*+E/,.9,A",4=*)2-/)"

2,.".*,/=9,2-/)".*A)**+"/7"7)**./=D""!+-*)9+;+"9,.932-*"+9A,97932,-"EW:254*+h"""""""""""""""""""

ao"q"E"r"HDHNF"oo"q"E"r"HDHQF"ooo"q"E"r"HDHHHQcD"""
u"
H. alpinum"J2+"A)/J,".4)9,A"GHHV"2,."GHHSD"

"
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Fig. 2.3." " #0*" 0*9A0-" /7" ,2-9:*" +E*39*+" A)/J," 4,.*)" 79:*" 5*:*5+" /7" +02.9,AD" " C2)+"

9,.932-*" +-2,.2)." *))/)+D" " 1/)"H. alpinumF" A)*6" <2)+" 9,.932-*" +**.59,A+" J*)*" A)/J,"

.4)9,A"GHHV"2,."02-30*."<2)+".4)9,A"GHHSD""B*2,+"7/)"H. alpinum"J*)*",/-"3/=E2)*."

23)/++" 6*2)+D" " @977*)*,-" 5*--*)+" 9,.932-*" -)*2-=*,-" =*2,+" .977*)*." +9A,97932,-56" aE" r"

HDHNcD"

"

&02.*"#)*2-=*,-+"
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Fig. 2.4.""#0*")//-F"+0//-F"2,."-/-25"<9/=2++"/7",2-9:*"+E*39*+"A)/J,"4,.*)"79:*"5*:*5+"

/7" +02.9,AD" " C2)+" 9,.932-*" +-2,.2)." *))/)+" 7/)" -/-25" <9/=2++D" " 1/)"H. alpinumF" <2)+"

J9-0/4-" 02-309,A" J*)*" A)/J," .4)9,A" GHHVF" J095*" <2)+" J9-0" 02-309,A" J*)*" A)/J,"

.4)9,A"GHHSD""B*2,+"7/)"H. alpinum"J*)*",/-"3/=E2)*."23)/++"6*2)+D""@977*)*,-"5*--*)+"

9,.932-*"-)*2-=*,-"=*2,+"7/)"-/-25"<9/=2++".977*)*."+9A,97932,-56"aE"r"HDHNcD"""

"

&02.*"#)*2-=*,-+"
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Chapter 3.  Seedling interactions between an invasive legume (Melilotus alba) and 

two legumes native to Alaska
1
 

 

Introduction
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NG
"

',"/-0*)"</)*25"*3/+6+-*=+F")9E2)92,"E52,-"3/==4,9-9*+"2)*"09A056":45,*)2<5*"-/"

9,:2+9/,"a>/+*"d"$*)=2,4-["GHHUcF"2,."+*:*)25"75//.E529,+"9,"!52+;2",/J"+4EE/)-",/,W

,2-9:*"E52,-"+E*39*+"a*DAD"+*:*,",/,W,2-9:*"E52,-"+E*39*+"J*)*"7/4,."25/,A"-0*"$*256"

>9:*)"/7"9,-*)9/)"!52+;2F"#2<5*"GDQcD""Melilotus alba"B*.9;D"a12<23*2*c"9+"2,"9,:2+9:*"

E52,-"-02-"02+"7/)=*.".*,+*"2,."*K-*,+9:*"E2-30*+"25/,A"+*:*)25")9:*)+"9,"!52+;2"aP/,,"et 

al. in presscD""M. albaF"0*)*27-*)")*7*))*."-/"2+"+J**-35/:*)F"9+"2"<9*,,925"5*A4=*"-02-"

A)/J+"THWGHH"3="9,"0*9A0-"2,."32,"E)/.43*"4E"-/"RNHFHHH"+**.+"E*)"E52,-"a#4);9,A-/,"et 

al."QTSIcD""&J**-35/:*)"9+"J9.*56".9+-)9<4-*."25/,A")/2.+9.*+"9,"!52+;2"aM4)-["et al."

GHHNcF"J0*)*"9-"=26"02:*"<**,"+/J,"2+"2":*A*-2-9:*"3/:*)"-/"+-2<959[*")/2.W+9.*"+/95+"

27-*)"3/,+-)43-9/,D""&J**-35/:*)"A)/J9,A"25/,A")/2.+9.*+F"J0930"/7-*,"E2)255*5"2,."3)/++"

J2-*)J26+"9,"!52+;2F"59;*56"E)/:9.*."-0*"E)/E2A45*+"+J**-35/:*)")*?49)*."-/"9,:2.*"

)9E2)92,"02<9-2-+D""C*324+*"-0*"+**."/7"+J**-35/:*)"75/2-+"a#4);9,A-/,"et al."QTSIcF"9-"02+"

-0*"2<959-6"-/"+E)*2."-/",*J"75//.E529,"02<9-2-+"72)")*=/:*."7)/="04=2,".9+-4)<2,3*+"

aM4)-["d"B232,.*)"GHHScD""&J**-35/:*)"9+",/J"3/==/,"25/,A"*K-*,+9:*"E/)-9/,+"/7"-0*"

$*256F"&-9;9,*F"B2-2,4+;2F"2,."^*,2,2">9:*)+"/7"!52+;2"a#2<5*"GDQb"P/,,"et al. in 

presscD""&J**-35/:*)"02+"<*3/=*"/,*"/7"-0*"=/+-"J9.*+E)*2."9,:2+9:*"+E*39*+"25/,A"

)/2.+9.*+"2,."25/,A"+*:*)25")9:*)+"/7"!52+;2"aM4)-["et al."GHHNb"P/,,"et al. in presscF"6*-"

,/-09,A"J2+";,/J,"2</4-"-0*"E/-*,-925"7/)"9-"-/"9=E23-")9E2)92,"E52,-"3/==4,9-9*+D"

#0*"/<L*3-9:*"/7"-09+"+-4.6"J2+"-/"2..)*++"-0*"E/-*,-925"/7"+J**-35/:*)"-/"9=E23-"

75//.E529,"E52,-"3/==4,9-9*+"/7"!52+;2D"M095*"9,:2+9:*"+E*39*+"=26"277*3-"02<9-2-+"

-0)/4A0",4=*)/4+"=*302,9+=+"a`*:9,*"et al."GHHRcF"'"7/34+*."+/5*56"/,"-0*"E/-*,-925"7/)"

+J**-35/:*)"-/"3/=E*-9-9:*56"+4EE)*++",2-9:*"+E*39*+D""'"*K2=9,*."3/=E*-9-9:*"
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NR
"

9,-*)23-9/,+"<*-J**,"+J**-35/:*)"2,."-J/",2-9:*"5*A4=*+h"Oxytropis campestris a`Dc"2,. 

Hedysarum alpinum"a`DcD""&J**-35/:*)"3/=E*-9-9/,"3/45."E/-*,-92556"277*3-"=2-4)*",2-9:*"

5*A4=*+F"+**.59,A+"/7",2-9:*"5*A4=*+F"/)"</-0D""$/J*:*)F"9,"-09+"+-4.6F"'"*K2=9,*."-0*"

9,-*)23-9/,+"<*-J**,"+**.59,A+"/7"+J**-35/:*)"2,."+**.59,A+"/7",2-9:*"5*A4=*+D""&**.59,A"

9,-*)23-9/,+"2)*"9=E/)-2,-"2+"+59A0-".977*)*,3*+"9,"3/=E*-9-9:*"2<959-6".4)9,A"-0*"9,9-925"

+-2A*"/7"3/5/,9[2-9/,"32,"A)/J"9,"=2A,9-4.*"J9-0"-9=*"2,.".*-*)=9,*"-0*"/4-3/=*"/7"

3/=E*-9-9/,"<*-J**,"+E*39*+"a$2)E*)"QTSSb"^*J<*))6"d"^*J=2,"QTSIb"Y*))6"d"M95+/,"

QTTNcD"""

" '"30/+*"O. campestris"2,."H. alpinum"<*324+*")*+*2)30"9,"/-0*)"*3/+6+-*=+"

+4AA*+-*."74,3-9/,2556"+9=952)"+E*39*+"02:*"+-)/,A*)"9,-*)23-9/,+"-02,"74,3-9/,2556"

.9++9=952)"+E*39*+"a()9*4)W>9302)."et al."GHHHb"12)A9/,*"et al."GHHRb"#4),<455"et al."GHHNcD"

&J**-35/:*)F"O. campestrisF"2,."H. alpinum 2)*"*230"5*A4=*+"a12<23*2*c"-02-"2++/392-*"

J9-0"+/95"Rhizobia"sp."-02-"79K"2-=/+E0*)93",9-)/A*,"a$45-w,"QTVIF"#4);9,A-/,"et al."

QTSIcD""',"!52+;2F"*2)56W+433*++9/,25"02<9-2-+"25/,A"A523925")9:*)+"02:*"5/J"2=/4,-+"/7"

+/95",9-)/A*,"a]2,"P5*:*"d"]9*)*3;"QTIQb"P02E9,"et al."GHHVcD""#0*"2<959-6"/7"5*A4=*+"-/"

3/E*"J9-0"59=9-*.",9-)/A*,"59;*56"255/J+"-0*+*"+E*39*+"-/"3/5/,9[*"*2)56W+433*++9/,25"

75//.E529,"02<9-2-+D"&J**-35/:*)F"O. campestrisF"2,."H. alpinum J*)*"-0*"-0)**"=/+-"

3/==/,"5*A4=*+"2,."2=/,A"-0*"-*,"=/+-"2<4,.2,-"75//.E529,"+E*39*+"25/,A"-J/")9:*)"

75//.E529,+"9,"!52+;2"a9D*D"$*256"2,."^*,2,2">9:*)+F"P02E-*)"GcD"""

" M095*"+9=952)9-9*+"*K9+-"<*-J**,"+E*39*+F"-0*)*"2)*"25+/".977*)*,3*+"9,"-0*9)"597*"

+-)2-*A9*+"2,."0*9A0-+D""&J**-35/:*)"9+"2"<9*,,925F"J095*"</-0"O. campestris"2,."H. 

alpinum"2)*"E*)*,,925+"a$45-w,"QTVIcD""C*324+*"2,,425"2,."E*)*,,925",W79K9,A"E52,-+"32,"



" " " "
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NU
"

02:*".977*)*,-"277*3-+"9,"*3/+6+-*=+"ag*5*,9;"et al. GHHScF"9-"J/45."02:*"<**,"9.*25"-/"

3/=E2)*"+J**-35/:*)"-/"2"+0/)-W59:*."5*A4=9,/4+"+E*39*+D""$/J*:*)F"-0*)*"2)*",/"2,,425"

/)"<9*,,925"5*A4=*+",2-9:*"-/"!52+;2"a$45-w,"QTVIcD""',"2..9-9/,F"+J**-35/:*)"A)/J+"

52)A*)"-02,"2,6",2-9:*"5*A4=*"25/,A"75//.E529,+"9,"9,-*)9/)"!52+;2"apers. obsDcD""

&J**-35/:*)"A)/J+"THWGHH"3="9,"0*9A0-F"O. campestris"A)/J+"QHWGH"3="9,"0*9A0-F"2,."H. 

alpinum"A)/J+"GHWSH"3="9,"0*9A0-"a#4);9,A-/,"et al."QTSIb"Z/0,+/,"et al."QTTNb"Y)202="

GHHGcD""C/-0",2-9:*"5*A4=*+"2)*"<*9,A"/:*)-/EE*."<6".*,+*"E2-30*+"/7"+J**-35/:*)"25/,A"

+*:*)25"75//.E529,+"9,"!52+;2"apers. obsDcD"

" &9,3*"+J**-35/:*)"32,"/:*)-/E"-0*+*",2-9:*"5*A4=*+F"'"06E/-0*+9[*."-02-"

.977*)*,3*+"9,"0*9A0-"J955")*+45-"9,"+J**-35/:*)"./=9,2-9,A"3/=E*-9-9:*"9,-*)23-9/,+"

<*-J**,"-0*"+E*39*+D""%2)56W+433*++9/,25"75//.E529,"02<9-2-+"9,"!52+;2"2)*"09A056"

.9+-4)<*."2,."+E2)+*56":*A*-2-*."aP02E9,"et al."GHHVcD""!+"2")*+45-F"E52,-+"-02-"2)*"

3/==/,"9,"*2)56W+433*++9/,25"02<9-2-+"2)*"2.2E-*."-/"09A0"59A0-"2:2952<959-6D""1/)"

*K2=E5*F"</-0"O. campestris"2,."H. alpinum"2)*"</-0"+02.*W9,-/5*)2,-"aP02E-*)"GcD""'"

E)*.93-*."+**.59,A+"/7"+J**-35/:*)"J/45."/:*)-/E"+**.59,A+"/7"O. campestris"2,."H. 

alpinumF"2,."2+",2-9:*"5*A4=*+"2)*"+02.*W9,-/5*)2,-F"'"06E/-0*+9[*."-02-"+J**-35/:*)"

J/45."3/=E*-9-9:*56"+4EE)*++"</-0",2-9:*"+E*39*+D"""""""""" "

" #/"-*+-"=6"06E/-0*+9+F"'"A)*J"5*A4=*+"9,"2..9-9:*"+*)9*+"*KE*)9=*,-+"J0*)*"

+**.59,A".*,+9-6"2,."+E*39*+"=9K-4)*+"J*)*":2)9*."9,.*E*,.*,-56D""'"4+*."79,25"0*9A0-"2,."

<9/=2++"2+"9,.932-/)+"/7"2"+E*39*+_"./=9,2,3*"J9-09,"=9K-4)*D""'"2..)*++*."-0)**"

?4*+-9/,+h""aQc"@/*+":2)69,A"+**.59,A".*,+9-6"/)"+E*39*+"=9K-4)*"277*3-"-0*"A)/J-0"/7"

-*+-*."+E*39*+i""aGc"'+"-0*"A)/J-0"/7"+J**-35/:*)F"O. campestrisF"2,."H. alpinum"59=9-*."
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"

<6"9,-)2W"2,.X/)"9,-*)+E*39793"3/=E*-9-9/,i""aRc"@/*+"+J**-35/:*)"3/=E*-9-9:*56"+4EE)*++"

*9-0*)"O. campestris"/)"H. alpinumi"""

" #0*"?4*+-9/,+"'"2..)*++*."0*)*"E)*+*,-"-0*"79)+-"+-*E"-/J2)."4,.*)+-2,.9,A"-0*"

*3/5/A9325"9=E23-+"/7"2,"9,:2+9:*"E52,-"9,"!52+;2D"

 

Methods 

" #0*"+-4.6"J2+"3/,.43-*."/4-.//)+"2-"-0*"8,9:*)+9-6"/7"!52+;2"129)<2,;+".4)9,A"

-0*"A)/J9,A"+*2+/,"/7"GHHSD""&**."/7"*230"+E*39*+"J2+"3/55*3-*."7)/="-0)**"5/32-9/,+"9,"

9,-*)9/)"!52+;2D""&**."/7"+J**-35/:*)"J2+"3/55*3-*."25/,A"-0*"^*,2,2">9:*)"75//.E529,"

aVU
!
QR_^F"QUT

!
QV_McD""&**."/7"O. campestris"2,."H. alpinum"J2+"3/55*3-*."2,."+4EE59*."

<6"-0*"!52+;2"(52,-"B2-*)925+"P*,-*)"a!(BPcD""#0*"!(BP"3/55*3-*."+**."/7"O. 

campestris"7)/="-0*"C523;")2E9.+"Y523925"!)*2F"J095*"+**."/7"H. alpinum"J2+"3/55*3-*."

,*2)"-0*"-/J,"/7"(2K+/,F"!52+;2D"""

" #/"*K2=9,*"3/=E*-9-9:*"9,-*)23-9/,+"<*-J**,"+**.59,A+"/7"+J**-35/:*)F"O. 

campestrisF"2,."H. alpinumF"'"3/,.43-*."-J/"2..9-9:*"+*)9*+"*KE*)9=*,-+"a`2J"d"

M2-;9,+/,"QTISb"&0*)"et al."GHHHcD""',"-0*+*"*KE*)9=*,-+F"-0*)*"J*)*"-0)**"+**.59,A"

.*,+9-9*+h"x5/J".*,+9-6y"02."UF"x=*.94=".*,+9-6y"02."GHF"2,."x09A0".*,+9-6y"02."UH"

+**.59,A+"E*)"E/-D""%230".*,+9-6"02."79:*"=9K-4)*+"/7"+E*39*+"2-")2-9/+"/7"QhHF"RhQF"GhGF"QhRF"

2,."HhQ"a19AD"RDQcD""#0*"E4)E/+*"/7"3)*2-9,A"2")2,A*"/7".*,+9-9*+"2,."=9K-4)*+"J2+"-/"02:*"

2"A)2.9*,-"/7"9,-)2W"2,."9,-*)+E*39793"3/=E*-9-9/,"7)/="5/J"-/"09A0D""$*)*9,F"2"4,9?4*"5*:*5"

/7".*,+9-6"2,."=9K-4)*"J955"<*"-*)=*."2"x3/=<9,2-9/,yD""%230"*KE*)9=*,-"02."QN"

3/=<9,2-9/,+"a9D*D"R"+**.59,A".*,+9-9*+"K"N"+E*39*+"=9K-4)*+c")*+45-9,A"9,"2"-/-25"/7"RH"



" " " "

" " " "

NV
"

3/=<9,2-9/,+"a9D*D"QN"3/=<9,2-9/,+"7/)"+J**-35/:*)"2,."O. campestris"2,."QN"

3/=<9,2-9/,+"7/)"+J**-35/:*)"2,."H. alpinumcD"""

" &**.59,A".*,+9-9*+"4+*."9,"-0*"*KE*)9=*,-+"J*)*"<2+*."/,"+J**-35/:*)"+**.59,A"

3/4,-+"7)/="-0*"79*5.D""@4)9,A"-0*"+4==*)"/7"GHHVF"'"3/4,-*."+J**-35/:*)"+**.59,A+"9,"+9K"

G"="K"Q"="E5/-+"25/,A"-0*"^*,2,2">9:*)"75//.E529,"/7"9,-*)9/)"!52+;2D""#0*"3/4,-+")2,A*."

7)/="UHS"-/"QRHS"+J**-35/:*)"+**.59,A+"E*)"E5/-D""$/J*:*)F"J9-09,"-0*+*"E5/-+F"

+J**-35/:*)"+**.59,A+"J*)*"09A056"354+-*)*."2,."/7-*,"*K3**.*."VH"+**.59,A+"E*)"GH"3="K"

GH"3="2)*2+F"J0930"3/))*+E/,.+"-/"""VHHH"+**.59,A+"E*)"G="K"Q="2)*2D""1/)"=6"

*KE*)9=*,-+F"5/J".*,+9-6"3/))*+E/,.*."-/"UHH"+**.59,A+F"=*.94=".*,+9-6"GHHH"+**.59,A+F"

2,."09A0".*,+9-6"UHHH"+**.59,A+"E*)"G="K"Q="2)*2D""',"2"+*E2)2-*"*KE*)9=*,-"-02-"'"

3/,.43-*."25/,A"-J/")9:*)"75//.E529,+"9,"!52+;2F"'"3/4,-*."-0*"+**.59,A+"/7",2-9:*"+E*39*+"

J9-09,"VU"G"="K"Q"="E5/-+D""'",*:*)"7/4,."O. campestris"2,."H. alpinum"*K3**.9,A"QH"

+**.59,A+"E*)"E5/-D""

" C*7/)*"-0*"*KE*)9=*,-+"<*A2,F"'"3/55*3-*."+*.9=*,-"7)/="-0*"^*,2,2">9:*)"

75//.E529,"-/"4+*"2+"2"A)/J-0"=*.94=D""!+"-*+-"+E*39*+"J*)*"3/==/,"25/,A"-0*"^*,2,2"

>9:*)"aP02E-*)"GcF"-09+"+4<+-)2-*"59;*56"02."Rhizobia"+ED")*?49)*."-/"9,/3452-*"-0*")//-+"/7"

*230"5*A4=*D""'"E523*.")/3;"J//5"9,"-0*"</--/="/7"QNH"*KE*)9=*,-25"E/-+"aGH"3="J9.*"K"

UV"3=".**EF"TDVR"`c"2,."7955*."-0*+*"E/-+"Q"3="<*5/J"-0*"<)9="J9-0"75//.E529,"+4<+-)2-*D""

'"3)*2-*."79:*"J//.*,"</K*+"aU"="K"I"="K"HDN"=c"2,."E523*."RH"E/-+"9,"*230"</KD""'"4+*."2"

)2,./=9[*."3/=E5*-*"<5/3;".*+9A,"-/"2++9A,"*230"E/-"2"3/=<9,2-9/,D""&**."/7"*230"

5*A4=*"J2+"+32)979*."J9-0"+2,."E2E*)"-/"<)*2;"./)=2,36"2,."723959-2-*"A*)=9,2-9/,D""

@4)9,A"RWNF"Z4,*"GHHSF"-0)**"-9=*+"-0*")*?49)*."+**."7/)"*230"3/=<9,2-9/,"J2+"+/J,"/,"



" " " "
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NS
"

-0*"+4)723*"/7"E/-+D""&**."J2+"+/J,"2-"-09+".2-*"-/")*75*3-"-0*"*=*)A*,3*"/7":*A*-2-9/,"

25/,A"75//.E529,+"9,"9,-*)9/)"!52+;2"apers. obsDcD""!7-*)"-J/"J**;+F"+**.59,A+"J*)*"*9-0*)"

-)2,+E52,-*."/)"E455*."+/"-02-"+E*39*+"J*)*"A)/J9,A"2-"-0*".*+9)*."3/=<9,2-9/,+D" ""

" &**.59,A+"J*)*"A)/J,"9,"7455"59A0-"/4-+9.*"2,."J*)*"+4<L*3-*."-/"2=<9*,-"

3/,.9-9/,+D""#0)/4A0/4-"-0*"A)/J9,A"+*2+/,F")*:*)+*"/+=/+9+"a>Xfc"J2-*)"J2+"2..*."-/"

*230"</K"+/"-02-"255"E/-+"J*)*"9==*)+*."9,"2EE)/K9=2-*56"QH"3="/7"J2-*)D""#/"E)*:*,-"

5*2;9,AF"*230"</K"02."2"J2-*)WE)//7"59,*)D""#0*)*7/)*F"+**.59,A+")*3*9:*."J2-*)"-0)/4A0"

,2-4)25"E)*39E9-2-9/,"/)"32E9552)6")9+*"7)/="-0*"E//5+"/7"J2-*)"J9-09,"*230"</KD""#09+"7/)="

/7"J2-*)9,A"59;*56")*.43*."J2-*)"+-)*++"2,."=9,9=9[*.".9+-4)<2,3*"-/"E52,-+"/,"-0*"

+4)723*"/7"E/-+D""%:*)6"-0)**"J**;+F"'"2EE59*."7*)-959[*)"-/"-0*"-/E"/7"E/-+D""1*)-959[*)"J2+"

.9++/5:*."2-"2")2-9/"/7"QhQRhNH"EE="/7"^h(h\F"J0930"9+")*E)*+*,-2-9:*"/7"+/95",4-)9*,-"

5*:*5+"25/,A"-0*"^*,2,2">9:*)"75//.E529,"aZD"P/,,"unpubl. datacD"""

" !-"-0*"*,."/7"/,*"A)/J9,A"+*2+/,"aQUWQVF"&*E-*=<*)"GHHScF"'")2,./=56"+*5*3-*."

-0*"QH"3*,-*)=/+-"E52,-+"7)/="*230"E/-"-/"<*"02):*+-*.D""'7"-0*)*"J*)*"7*J*)"-0*,"QH"

E52,-+"-/"+*5*3-F"255"E52,-+"J*)*"02):*+-*.D""M095*"02):*+-9,A"E52,-+F"'"/<+*):*."-0*")//-+"

/7"*230"+E*39*+"02.",/.45*+D""%230"02):*+-*."E52,-"J2+"34-"2-"-0*"3/-65*./,"+32)"-/".9:9.*"

)//-"2,."+0//-"<9/=2++D""$2):*+-*."E52,-+"J*)*".)9*."2-"SH
/
"P"7/)"-J/"J**;+D""B*2+4)*."

A)/J-0"E2)2=*-*)+"J*)*"+0//-"0*9A0-"2,."<9/=2++"a)//-F"+0//-F"2,."-/-25cD"@4*"-/"09A0"

+**.59,A"=/)-259-6"9,"*9A0-"*KE*)9=*,-25"E/-+F"-0)**"/7"-0*"SN"E/-+"J*)*")*=/:*."7)/="-0*"

+J**-35/:*)"2,."O. campestris"*KE*)9=*,-F"J095*"79:*"/7"-0*"SN"E/-+"J*)*")*=/:*."7)/="

-0*"+J**-35/:*)"2,."H. alpinum"*KE*)9=*,-D""""

"
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NI
"

"

Statistical Analysis 

" !55"+-2-9+-9325"2,256+*+"J*)*"3/,.43-*."J9-0"&!&"TDQ"a&!&"9,+-9-4-*F"^/)-0"

P2)/59,2F"8&!cD""'"3/,.43-*."-W-*+-+"-/".*-*)=9,*"97"+9A,97932,-".977*)*,3*+"a#"q"HDHNc"

*K9+-*."2=/,A"-0*"0*9A0-"2,."<9/=2++"/7"+J**-35/:*)"2,."</-0",2-9:*"5*A4=*+D""#/"

E*)7/)="-0*+*"2,256+*+F"'"E//5*."-0*"=*2,")*+E/,+*"7)/="255"3/=<9,2-9/,+"2,."3/=E2)*."

.2-2"+/5*56"<6"+E*39*+D"M0*,",*3*++2)6F"'"5/A"-)2,+7/)=*.".2-2"-/"=**-"=/.*5"

2++4=E-9/,+"/7",/)=259-6D""M0*,".2-2"02."3/,+-2,-":2)92,3*"'"4+*."2"E//5*."-W-*+-"2,."97"

.2-2"02."0*-*)/A*,*/4+":2)92,3*"'"4+*."2"&2--*)-0J29-*"-W-*+-D"""

" #/"2..)*++")*+*2)30"?4*+-9/,"/,*F"'"4+*."-J/WJ26"2,256+9+"/7":2)92,3*"a!^f]!c"

=/.*5+"-/".*-*)=9,*"97".*,+9-6F"=9K-4)*F"/)"-0*9)"9,-*)23-9/,"277*3-*."-0*"0*9A0-"2,."

<9/=2++"/7"-*+-*."+E*39*+D""M0*,",*3*++2)6F"'"5/A"-)2,+7/)=*.".2-2"-/"=**-"=/.*5"

2++4=E-9/,+"/7",/)=259-6"2,."0/=/A*,*9-6"/7":2)92,3*D""M0*,"+9A,97932,-".977*)*,3*+"

*K9+-*."2=/,A".*,+9-6"/)"=9K-4)*"a#"q"HDHNcF"'"4+*."E29)WJ9+*"#4;*6"-*+-+"-/".*-*)=9,*"

.977*)*,3*+"2=/,A"723-/)"5*:*5+D"""

" #/"2..)*++")*+*2)30"?4*+-9/,+"-J/"2,."-0)**F"'"3/,.43-*.")*A)*++9/,"2,256+*+"-/"

.*-*)=9,*"aQc"97"*9-0*)"9,-)2W"/)"9,-*)+E*39793"3/=E*-9-9/,"277*3-*."-0*"0*9A0-"/)"<9/=2++"/7"

-*+-*."+E*39*+"2,."aGc"J0930"7/)="/7"3/=E*-9-9/,"J2+"=/+-"9=E/)-2,-D""'"79-"-0*".2-2"-/"2"

59,*2)"a&E9--*)+"QTIRc"2,."A*,*)259[*."59,*2)"-J/W+E*39*+")*39E)/325"69*5."=/.*5"

aM2-;9,+/,"QTIQF"(2);"et al."GHHGch"""

""""""""""""""""""""""""""""""""""" M9
WQ"
q"M/"v"C9"^9"v"CL^L""" " """"""""""""" "mRDQnDDDDDDDDDD"

" " M9"q"M/aQ"v"C9^9"v"CL^Lc
WQ
""""""""""""""""""""""""""""""""""""""""""mRDGnDDDDDDDDDD""



" " " "

" " " "
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"

M0*,",*3*++2)6F"'"5/A"-)2,+7/)=*.".2-2"-/"=**-"=/.*5"2++4=E-9/,+"/7",/)=259-6"2,."

0/=/A*,*9-6"/7":2)92,3*D""1/)"</-0"=/.*5+F"M9")*E)*+*,-*."-0*"=*2,")*+E/,+*"E*)"

9,.9:9.425"/7"+E*39*+"9F"M/")*E)*+*,-*."-0*")*+E/,+*"/7"+E*39*+"9"2-",/"3/=E*-9-9/,F" 9̂"J2+"

-0*".*,+9-6"/7"+E*39*+"9F"^L"J2+"-0*".*,+9-6"/7"+E*39*+"LF"C9"2,."CL"J*)*"E2)2=*-*)+"-02-"

)*E)*+*,-"9,-)2W"2,."9,-*)+E*39793"3/=E*-9-9/,"/7"+E*39*+"9"2,."L")*+E*3-9:*56D""!,256+9+"/7"

+E*39*+"L"J2+"E*)7/)=*."<6")*2))2,A9,A"-0*"=/.*5+h""""""""

"""""""""""""""""""""""ML
WQ"
q"M/"v"CL"^L"v"C9^9""""""""""""""""""""""""""""""""""""""""""""""""mRDRnDDDDDDDDDDDDDDDD"

ML"q"M/aQ"v"CL^L"v"C9^9c
WQ
""""""""""""""""""""""""""""""""""""""""""mRDUnDDD"""""DDDDDDDD"""

" 1/)"-0*"59,*2)"=/.*5F"'"4+*."=45-9E5*"59,*2)")*A)*++9/,"-/"*+-9=2-*"M/F"C9F"2,."CLD""

'"-*+-*."+9A,97932,3*"/7"E2)2=*-*)+"J9-0"-W-*+-+"a#"q"HDHNcD""1/)"-0*"A*,*)259[*."59,*2)"

=/.*5F"'"4+*."-0*"`*:*,<*)AWB2)?42).-"=*-0/."-/"*+-9=2-*"M/F"C9F"2,."CL"a(2);"*-"25D"

GHHGcD""(2)2=*-*)+"J*)*"3/,+9.*)*."+9A,97932,-"97"-0*"TN"E*)3*,-"3/,79.*,3*"9,-*):25+".9."

,/-"+E2,"HD""'"30/+*"-0*"=/.*5"-02-"=*-"-0*"2++4=E-9/,+"/7",/)=259-6"2,."3/,+-2,-"

:2)92,3*D""'7"</-0"=/.*5+"=*-"-0*+*"2++4=E-9/,+F"-0*,"'"30/+*"-0*"=/.*5"J9-0"-0*"09A0*+-"

>
G
":254*D"""

"

Results  

" !-"-0*"*,."/7"/,*"A)/J9,A"+*2+/,F"+J**-35/:*)"A)*J"-255*)"-02,"</-0",2-9:*"

+E*39*+"2,."02."=/)*"<9/=2++"-02,"O. campestrisD""M0*,"3/=E2)*."-/"O. campestrisF"

+J**-35/:*)"A)*J"-255*)"2,."02."=/)*")//-F"+0//-F"2,."-/-25"<9/=2++"a#2<5*"RDQcD""M0*,"

3/=E2)*."-/"H. alpinumF"+J**-35/:*)"A)*J"-255*)"2,."02."=/)*"+0//-"<9/=2++b"0/J*:*)F"

-0*")//-"2,."-/-25"<9/=2++".9.",/-".977*)"+9A,97932,-56"a#2<5*"RDGcD""



" " " "

" " " "

VH
"

Effects of Density and Mixture  

 1/)"*230"+E*39*+F")//-"2,."+0//-"<9/=2++"J*)*"09A056"3/))*52-*."J9-0"-/-25"

<9/=2++"aR"t"HDIUF"P"r"HDHHHQcD""@4*"-/"-0*"09A0"3/))*52-9/,"<*-J**,"-0*+*"A)/J-0"

E2)2=*-*)+F"'".9+34++"<9/=2++"2334=452-9/,"+/5*56"9,"-*)=+"/7"-/-25"<9/=2++D"""

" ',"-0*"+J**-35/:*)"2,."O. campestris"*KE*)9=*,-F"O. campestris"02.",/"35*2)"

)*52-9/,+09E"J9-0".*,+9-6"/)"=9K-4)*"J095*"+J**-35/:*)"J2+"277*3-*."<6"</-0"723-/)+D""#0*"

0*9A0-"/7"O. campestris"J2+"277*3-*."<6"2,"9,-*)23-9/,"<*-J**,".*,+9-6"2,."=9K-4)*"<4-"

,/"35*2)"-)*,."*K9+-*."9,"-0*".2-2"a#2<5*"RDRF"19AD"RDG2cD""O. campestris"<9/=2++"J2+",/-"

277*3-*."<6".*,+9-6"/)"=9K-4)*"a#2<5*"RDRF"19AD"RDG<cD""M0*,"A)/J,"J9-0"O. campestrisF"

.*,+9-6"2,."=9K-4)*"277*3-*."-0*"0*9A0-"2,."<9/=2++"/7"+J**-35/:*)"a#2<5*"RDRcD""!+"

.*,+9-6"9,3)*2+*.F"+J**-35/:*)"0*9A0-"2,."<9/=2++".*3)*2+*."a19AD"RDG3"2,."RDG.cb"

0/J*:*)F"-0*"=*.94="2,."09A0".*,+9-6"02."2"+9=952)")*+E/,+*"7/)"+J**-35/:*)"0*9A0-D""

#0*"=9K-4)*"-02-"02."-0*"5*2+-"2=/4,-"/7"+J**-35/:*)"A)*J"-255*+-"2,."02."-0*"A)*2-*+-"

<9/=2++"a19AD"RDG3"2,."RDG.cD"""

" ',"-0*"+J**-35/:*)"2,."H. alpinum"*KE*)9=*,-F"H. alpinum"J2+"277*3-*."<6"

=9K-4)*"J095*"</-0".*,+9-6"2,."=9K-4)*"277*3-*."+J**-35/:*)D""#0*"0*9A0-"/7"H. alpinum"

02."2"+9A,97932,-"9,-*)23-9/,"<*-J**,".*,+9-6"2,."=9K-4)*"a#2<5*"RDUF"19AD"RDR2cD""#0*"

<9/=2++"/7"H. alpinum"J2+",/-"277*3-*."<6".*,+9-6"<4-"J2+"277*3-*."<6"=9K-4)*"a#2<5*"

RDUcD""#0*"=9K-4)*"J9-0"*?425"E2)-+"H. alpinum"2,."+J**-35/:*)"a9D*D"G"h"G"+E*39*+")2-9/c"

02."5*++"<9/=2++"-02,"-0*"=/,/345-4)*"2,."/-0*)"=9K-4)*+"a19AD"RDR<cD""M0*,"A)/J,"J9-0"

H. alpinumF".*,+9-6"2,."=9K-4)*"277*3-*."-0*"0*9A0-"2,."<9/=2++"/7"+J**-35/:*)"a#2<5*"

RDUcD""#0*"0*9A0-"/7"+J**-35/:*)"J2+"277*3-*."<6"2,"9,-*)23-9/,"<*-J**,".*,+9-6"2,."
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"

=9K-4)*"a#2<5*"RDUF"19AD"RDR3cD""&J**-35/:*)"<9/=2++"J2+"A)*2-*+-"2-"5/J".*,+9-6"<4-".9."

,/-".977*)"2-"=*.94="2,."09A0".*,+9-9*+"a19AD"RDR.cD""14)-0*)=/)*F"-0*"=9K-4)*"-02-"02."-0*"

5*2+-"2=/4,-"/7"+J**-35/:*)"02."-0*"A)*2-*+-"<9/=2++"a19A"RDR.cD"""

 

Effects of Intraspecific and Interspecific Competition  

" 1/)"-0*")*39E)/325"69*5."=/.*5+F"-0*"E2)2=*-*)+"/7"3/=E*-9-9/,"a9D*D"C9"/)"CLc"

*KE529,"-0*"*77*3-"-02-"-0*"9,.*E*,.*,-":2)92<5*+"a9D*D".*,+9-6"/7"+E*39*+"9"/)"Lc"02."/,"-0*"

)*+E/,+*D""',-)2W"/)"9,-*)+E*39793"3/=E*-9-9/,"/334))*."97"-0*"*+-9=2-*."E2)2=*-*)+"/7"

3/=E*-9-9/,"J*)*"+9A,97932,-56".977*)*,-"7)/="[*)/D""M0*,"C9"/)"CL"*+-9=2-*+"J*)*"

E/+9-9:*F"-0*")*+E/,+*".*3)*2+*."J0*,".*,+9-6"9,3)*2+*.D""M0*,"C9"/)"CL"*+-9=2-*+"J*)*"

,*A2-9:*F"-0*")*+E/,+*"9,3)*2+*."J0*,".*,+9-6"9,3)*2+*.D""#0*":254*"/7"C9"/)"CL"*+-9=2-*+"

.*-*)=9,*."3/=E*-9-9:*"2<959-6"/7"2"+E*39*+F"J0*)*"52)A*)"E/+9-9:*":254*+"9,.932-*"A)*2-*)"

3/=E*-9-9/,D"""""""""""""

" M095*"9,-*)+E*39793"3/=E*-9-9/,"02."=9,9=25"9=E23-+"/,"-*+-*."+E*39*+F"

9,-)2+E*39793"3/=E*-9-9/,"277*3-*."-0*"0*9A0-"2,.X/)"<9/=2++"/7"+J**-35/:*)F"O. 

campestrisF"2,."H. alpinumD""#0*"E)*+*,3*"/7"+J**-35/:*)F"2-"2,6".*,+9-6F".9.",/-"

+9A,97932,-56"277*3-"-0*"0*9A0-"2,."<9/=2++"/7"O. campestris"a#2<5*"RDNF"19AD"RDU2"2,."

RDU<c"2,."H. alpinum"a#2<5*"RDVF"19AD"RDN2"2,."RDN<cD""1/)"</-0"O. campestris"2,."H. 

alpinumF"9,-)2+E*39793"3/=E*-9-9/,"9,3)*2+*."+0//-"5*,A-0"<4-".9.",/-"277*3-"-0*"

2334=452-9/,"/7"<9/=2++"a#2<5*"RDN"2,."RDVF"19AD"RDU2F"RDU<F"RDN2F"2,."RDN<cD""f7",/-*F"

)*A)*++9/,"=/.*5+"*KE529,*."2"=2)A9,25"2=/4,-"/7":2)92,3*"7/)"*9-0*)",2-9:*"5*A4=*"a9D*D"

R
G
"r"HDQUcD""#0*"E)*+*,3*"/7"O. campestris"/)"H. alpinumF"2-"2,6".*,+9-6F".9.",/-"



" " " "

" " " "

VG
"

+9A,97932,-56"277*3-"-0*"0*9A0-"2,."<9/=2++"/7"+J**-35/:*)"a#2<5*"RDN"2,."RDVF"19AD"RDU3F"

RDU.F"RDN3F"2,."RDN.cD""1/)"+J**-35/:*)F"9,-)2+E*39793"3/=E*-9-9/,"+9A,97932,-56".*3)*2+*."

+0//-"5*,A-0"2,."<9/=2++"a#2<5*"RDN"2,."RDVF"19AD"RDU3F"RDU.F"RDN3F"2,."RDN.cD"

"

Discussion 

 @*+E9-*"+J**-35/:*)"35*2)56"/:*)-/EE9,A"</-0",2-9:*"5*A4=*+F"-0*)*"J2+",/"

*:9.*,3*"-02-"+J**-35/:*)"3/=E*-9-9:*56"+4EE)*++*."*9-0*)"O. campestris"/)"H. alpinumD""

#0*"0*9A0-"2,."<9/=2++")*+E/,+*"/7"O. campestris"2,."H. alpinum"J2+"9,.*E*,.*,-"/7"

-0*".*,+9-6"/7"+J**-35/:*)D""!+",2-9:*"5*A4=*".*,+9-6"9,3)*2+*.F"-0*"*77*3-"/7"9,-)2+E*39793"

3/=E*-9-9/,"9,3)*2+*."O. campestris"2,."H. alpinum"0*9A0-"<4-",/-"<9/=2++D""^2-9:*"

5*A4=*+"59;*56"9,3)*2+*."+0//-"5*,A-0"2+"2"E06+9/5/A9325")*+E/,+*"-/"32E-4)*"=/)*"59A0-"

aY)9=*"QTSTcD""&9,3*".*,+9-9*+"J*)*"<2+*."/,"79*5."/<+*):2-9/,+F"-0*+*"79,.9,A+"+4AA*+-"

</-0",2-9:*"5*A4=*+"2)*"-/5*)2,-"/7"+E2)+*"/)".*,+*"=9K-4)*+"/7"+J**-35/:*)"9,"75//.E529,"

02<9-2-+D""M0*,"3/=E2)*."-/",2-9:*"5*A4=*+F"+J**-35/:*)"02."2"=/)E0/5/A932556"E52+-93"

)*+E/,+*"-/"+**.59,A".*,+9-6D"""

" #0*")*+E/,+*"/7"+J**-35/:*)"J2+"35*2)56"59=9-*."<6"9,3)*2+*+"9,"E52,-".*,+9-6D""

#0*")*+E/,+*"/7"+J**-35/:*)"J2+"52)A*56"9,.*E*,.*,-"/7"-0*".*,+9-6"/7"O. campestris"/)"

H. alpinumD""',3)*2+*."+J**-35/:*)".*,+9-6"324+*."-0*"0*9A0-"2,."<9/=2++"/7"+J**-35/:*)"

-/".*3)*2+*"+9A,97932,-56F"+4AA*+-9,A"9,-)2+E*39793"3/=E*-9-9/,"J2+"-0*"=2L/)"723-/)"

59=9-9,A"+J**-35/:*)"A)/J-0D""$/J*:*)F"+J**-35/:*)"A*,*)2556"A)*J"-255*+-"2,."02."-0*"

=/+-"<9/=2++"9,"5/J".*,+9-6"E52,-"=9K-4)*+D""#0*+*"79,.9,A+"+4AA*+-"+J**-35/:*)"A)/J+"

/E-9=2556"9,"+E2)+*56":*A*-2-*."2)*2+"2,."J/45.",/-"<*"2+"-/5*)2,-"2+",2-9:*"5*A4=*+"-/"



" " " "

" " " "

VR
"

.*,+*":*A*-2-9/,"9,"75//.E529,"02<9-2-+D""B6"79,.9,A+"2)*"+4EE/)-*."<6"2"79*5."+-4.6"-02-"

9,.932-*."+J**-35/:*)"J2+"2"75//.E529,"E9/,**)b"9-+"2<4,.2,3*".*3)*2+*+"2+"3/:*)"/7"

+4))/4,.9,A":*A*-2-9/,"9,3)*2+*+"aP/,,"et al. in reviewcD"""

" M095*"-0*"-*+-*."+E*39*+"0*)*"59;*56"277*3-"*3/+6+-*="E)/3*++*+"+9=952)56"a9D*D",W

79K9,A"5*A4=*+cF".977*)*,3*+"9,"-)29-+"59;*56"255/J"7/)"+J**-35/:*)"2,.",2-9:*"5*A4=*+"-/"

/334E6"+*E2)2-*",930*"+E23*"9,"75//.E529,"02<9-2-+D"#0*"2++4=E-9/,"-02-"-*+-*."+E*39*+"

J/45."02:*"+-)/,A*)"9,-*)23-9/,+"<*324+*"-0*6"+02)*."2"74,3-9/,25"A)/4E"E)/:*."-/"<*"

*))/,*/4+D""#0/4A0"-0*"-J/",2-9:*"+E*39*+"2,."+J**-35/:*)"2)*"5*A4=*+F"-0*6".977*)"9,"

=2,6")*+E*3-+D"&J**-35/:*)"02+"2"+0/)-"597*3635*"-02-"*=E02+9[*+")2E9."A)/J-0"2,."

3/E9/4+"+**."E)/.43-9/,F"J095*"O. campestris"2,."H. alpinum"2)*"E*)*,,925"+E*39*+"

2.2E-*."-/"5/JW,4-)9*,-"*,:9)/,=*,-+D""!+"2")*+45-F"-0*"A)/J-0"+-)2-*A9*+"2,."-/5*)2,3*+"-/"

3/=E*-9-9/,"<*-J**,"+E*39*+"59;*56".977*)D""1/)"9,+-2,3*F"+J**-35/:*)"J2+"35*2)56"59=9-*."

<6".*,+9-6D""',3)*2+*+"9,"E52,-".*,+9-6"59;*56".*3)*2+*."-0*"2=/4,-"/7"59A0-"2,."+/95"

)*+/4)3*+")*?49)*."7/)"+J**-35/:*)"+**.59,A+"-/"2309*:*"/E-9=25"A)/J-0D""',"3/,-)2+-F"O. 

campestris"2,."H. alpinum"J*)*",/-"59=9-*."<6".*,+9-6D""(*)*,,925"+E*39*+"2.2E-*."-/"

,4-)9*,-WE//)"02<9-2-+"-*,."-/"A)/J"+5/J56"2,.F"+4<+*?4*,-56F")*?49)*"7*J")*+/4)3*+"

aP02E9,"et al."QTIVb"P02E9,"QTTQcD""#0*)*7/)*F"9,"3/=E2)9+/,"-/"+J**-35/:*)F",2-9:*"

5*A4=*+"59;*56")*?49)*"5*++"59A0-"2,."+/95")*+/4)3*+"-/")*230"/E-9=4="A)/J-0D""&02)9,A"

+9=952)"74,3-9/,25"*77*3-+"9,"*3/+6+-*=+"./*+",/-"*?42-*"-/"02:9,A"+9=952)"74,3-9/,25"

)*+E/,+*+"-/"E)*++4)*+"+430"2+"3/=E*-9-9/,"/)",4-)9*,-"59=9-2-9/,+"a@92["d"P2<9./"GHHQcD""

',"-0*/)6F"</-0"+J**-35/:*)"2,.",2-9:*"5*A4=*+"32,"3/W/334)"<*324+*"-0*6"</-0"-2;*"4E"

2,.")*?49)*".977*)*,-"2=/4,-+"/7")*+/4)3*+D""C*324+*"/7"-0*".977*)*,3*+"9,"A)/J-0"2,."
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"

)*+/4)3*")*?49)*=*,-+F"'"<*59*:*"+J**-35/:*)"9+"79559,A"2",/:*5",930*"7/)"5*A4=*+"J9-09,"

A523925"75//.E529,"02<9-2-+"/7"!52+;2D""

" f,"-0*"/-0*)"02,.F")*+45-+"=9A0-"02:*".977*)*."97"-0*"*KE*)9=*,-+"J*)*"3/,.43-*."

/:*)"2"-J/W6*2)"E*)9/."/)"97"+**.59,A+"/7",2-9:*"5*A4=*+"J*)*"A)/J,"9,"3/=E*-9-9/,"J9-0"

=2-4)*"+J**-35/:*)D""!-"-0*"*,."/7"/,*"A)/J9,A"+*2+/,F"+J**-35/:*)"J2+"-255*)"-02,"</-0"

,2-9:*"5*A4=*+"2,."02."=/)*"<9/=2++"-02,"O. campestrisD""P/,,*556"d"M26,*"aQTTVc"

7/4,."-02-"9,9-925".977*)*,3*+"9,"+9[*"<*-J**,"E52,-+"32,"324+*"+=255*)"E52,-+"-/"*KE*)9*,3*"

2+6==*-)93")*52-9/,+09E+"J9-0"52)A*)"+E*39*+F")*+45-9,A"9,"3/=E*-9-9:*"+4EE)*++9/,D""'7"-0*"

*KE*)9=*,-"02."<**,"255/J*."-/"32))6"/:*)"-/"-0*",*K-"A)/J9,A"+*2+/,F"-0*"9,9-925"+9[*"

2.:2,-2A*"/7"+J**-35/:*)"=9A0-"02:*")*+45-*."9,"+J**-35/:*)"3/=E*-9-9:*56"+4EE)*++9,A"

</-0",2-9:*"5*A4=*+D""14)-0*)=/)*F"+9,3*"=2-4)*"+J**-35/:*)"32,"+02.*"4E"-/"TU"E*)3*,-"

/7"E0/-/+6,-0*-932556"23-9:*")2.92-9/,"2,."O. campestris"2,."H. alpinum"2)*"+02.*W

9,-/5*)2,-"aP02E-*)"GcF"'"<*59*:*"+02.9,A"<6"=2-4)*"+J**-35/:*)"J/45."02:*"2",*A2-9:*"

*77*3-"/,"-0*"A)/J-0"/7",2-9:*"5*A4=*+D"""""""""""""""

" >*+45-+"7)/="-0*"+**.59,A"3/=E*-9-9/,"*KE*)9=*,-+"J*)*"3/,+9+-*,-"J9-0"2"

+J**-35/:*)")*=/:25"*KE*)9=*,-"3/,.43-*."25/,A"-0*"$*256"2,."^*,2,2">9:*)+"/7"

9,-*)9/)"!52+;2"a.*+3)9<*."9,"P02E-*)"GcD""',"-0*")*=/:25"*KE*)9=*,-F"'".*-*)=9,*."

+**.59,A")*3)49-=*,-"/7",2-9:*"+E*39*+"9,"E5/-+"J9-0"+J**-35/:*)"2,."E5/-+"J0*)*"

+J**-35/:*)"J2+")*=/:*.D""M095*"+J**-35/:*)"59=9-*."/:*)255")*3)49-=*,-"/7",2-9:*"

+E*39*+F"9-"J2+",/-"7/4,."-/"277*3-"-0*")*3)49-=*,-"/7",2-9:*"5*A4=*+"aP02E-*)"GcD""',"723-F"

,2-9:*"5*A4=*+"2EE*2)*."E)/E2A45*W59=9-*.D""1/)"9,+-2,3*F"9,"VU"G"="K"Q"=")*=/:25"E5/-+F"

O. campestris"2,."H. alpinum",*:*)"*K3**.*."QH"+**.59,A+"E*)"E5/-D""@4*"-/"-0*"523;"/7"
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5*A4=*"E)/E2A45*+"9,"-0*")*=/:25"*KE*)9=*,-F"'"J2+"4,2<5*"-/".*-*)=9,*"J0*-0*)"

+J**-35/:*)"3/=E*-9-9:*56"+4EE)*++*.",2-9:*"5*A4=*+F"J0*-0*)",2-9:*"5*A4=*+"J*)*"+**.W

59=9-*.F"/)"</-0D""M0*,"3/=<9,9,A")*+45-+"7)/="-0*"+**.59,A"3/=E*-9-9/,"2,.")*=/:25"

*KE*)9=*,-+F".2-2"+4AA*+-"O. campestris"2,."H. alpinum"2)*"=/)*"59;*56"-/"<*"+**.W"

59=9-*."-02,"3/=E*-9-9:*56"+4EE)*++*."<6"+J**-35/:*)D"""

" '"7/4,."-02-"+**.59,A+"/7"+J**-35/:*)".9.",/-"3/=E*-9-9:*56"+4EE)*++"+**.59,A+"/7"

-0*",2-9:*"5*A4=*+"O. campestris"2,."H. alpinumD"">*+45-+"A29,*."7)/="=6"+0/)-W-*)="

*KE*)9=*,-+"32,"<*"4+*."-/"A*,*)2-*"?4*+-9/,+"7/)"74-4)*")*+*2)30D""1/)"9,+-2,3*F"2)*"

!52+;2,"75//.E529,"*,.*=93+"a*DAD"Salix setchellianac"/)"74,3-9/,25"A)/4E+"/-0*)"-02,"

5*A4=*+"a*DAD"A)2=9,/9.+"/)"7/)<+c"3/=E*-9-9:*56"+4EE)*++*."<6"+J**-35/:*)i""'7"+/F"./"

-0/+*"+E*39*+"02:*"A)/J-0"2,.")*+/4)3*")*?49)*=*,-+"+9=952)"-/"+J**-35/:*)i""B/)*"

)*+*2)30"9+",**.*."-/"4,.*)+-2,."-0*"*77*3-"-02-"+J**-35/:*)"02+"/,"75//.E529,"02<9-2-+"9,"

!52+;2D"""
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Figure 7.  Design of seedling competition experiments. 

Fig. 3.1." " @*+9A," /7" +**.59,A" 3/=E*-9-9/," *KE*)9=*,-+" a+J**-35/:*)" :+D"

O. campestris"2,."+J**-35/:*)":+D"H. alpinumcD""#0*"5/J".*,+9-6"a/E*,"39)35*+c"02."

U"+**.59,A+"E*)"E/-F"=*.94=".*,+9-6" a35/+*."39)35*+c"02."GH"+**.59,A+"E*)"E/-F"2,."

09A0".*,+9-6"a-)92,A5*+c"02."UH"+**.59,A+"E*)"E/-b"*230".*,+9-6"02."R"=9K-4)*+"2,."G"

=/,/345-4)*+D"
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Table 3.1." " " >*+45-+" 3/=E2)9,A" -0*" 79,25" <9/=2++" 2,." 0*9A0-" /7"O. campestris" 2,." +J**-35/:*)D"

&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D""""

Y)/J-0"(2)2=*-*)+" O. campestris"a,qNVc" +J**-35/:*)"a,qVIc" @1" -W:254*" E"

0*9A0-"a3=c" """"""TDH"""aHDUc" """"QIDR"""aHDIc" QHN
u
" QQDRI" r"HDHHHQ

o
"

+0//-"<9/=2++"a=Ac
v
" ""QTRDS"aQSDVc" ""RUIDR"aUNDIc" QGR" ""GDVV" """HDHHT

o
"

)//-"<9/=2++"a=Ac
v
" ""QQSDQ"aQHDVc" ""GGVDU"aRRDQc""" QQT

u
" ""GDRN" """HDHG

o
"

-/-25"<9/=2++"a=Ac
v
" ""RQHDI"aGSDVc" ""NSUDS"aSVDSc" QGQ

u
" ""GDVH" """HDHQ

o
"

o"
!+-*)9+;"9,.932-*+"-W-*+-"J2+"+9A,97932,-"27-*)"2"C/,7*))/,9"=45-9E5*"3/=E2)9+/,"-*+-D""12=956"*))/)"

)2-*"9,"C/,7*))/,9"-*+-"J2+"#"q"HDQHD"""
v
"@2-2"J*)*"5/A"-)2,+7/)=*."7/)"2,256+*+D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
u
"@2-2"02.",/,W3/,+-2,-":2)92,3*"2,."'"4+*."2"&2--*)-0J29-*"-W-*+-D""f-0*)J9+*F"'"4+*."2"E//5*."-W-*+-D""

#2<5*"VD""#2<5*"QD""#W-*+-")*+45-+"7/)"fD"32=E*+-)9+"2,."+J**-35/:*)"-02-"3/=E2)*"-0*"9,.9:9.425"=*2"+"

"

Table 3.2." " " >*+45-+" 3/=E2)9,A" -0*" 79,25" <9/=2++" 2,." 0*9A0-" /7" H. alpinum" 2,." +J**-35/:*)D"

&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D"""

Y)/J-0"(2)2=*-*)+" H. alpinum"a,qNUc" +J**-35/:*)"a,qVIc" @1" -W:254*" E"

0*9A0-"a3=c" """""""""QGDV"""aHDNc"""""""""" """""""""QSDI""aHDVc" QQT
u
" VDGR" HDHHHQ

o
"

+0//-"<9/=2++"a=Ac
v
" QSNDV"aQUDVc" RQVDS"aURDIc" QQI

u
" GDIN" HDHHN

o
"

)//-"<9/=2++"a=Ac
v
" QNVDR"aQQDRc" GHUDR"aRGDUc" QQG

u
" WHDUQ" HDVT"

-/-25"<9/=2++"a=Ac
v
" RRGDH"aGUDTc" NGQDH"aSNDRc" QQV

u
" QDUT" HDQU"

o"
"!+-*)9+;"9,.932-*+"-W-*+-"J2+"+9A,97932,-"27-*)"2"C/,7*))/,9"=45-9E5*"3/=E2)9+/,"-*+-D""12=956"*))/)"

)2-*"9,"C/,7*))/,9"-*+-"J2+"#"q"HDQHD"""""
v"
@2-2"J*)*"5/A"-)2,+7/)=*."7/)"2,256+*+D"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

u
"@2-2"02.",/,W3/,+-2,-":2)92,3*"2,."'"4+*."2"&2--*)-0J29-*"-W-*+-+D"

Table 7.  T-test results for H. alpinum and sweetclover that compare the individual mean of 

shoot height, shoot, root, and total biomass. 
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Table 3.3.""#0*"9=E/)-2,3*"/7".*,+9-6"2,."=9K-4)*"/,"-0*"<9/=2++"2,."0*9A0-")*+E/,+*+"/7"O. campestris"

2,."+J**-35/:*)D""]254*+"2)*"/<+*):*."1W:254*+"7)/="-0*"!^f]!"=/.*5"2,."-0*"3/))*+E/,.9,A",4=*)2-/)"

2,.".*,/=9,2-/)".*A)**+"/7"7)**./=D""""

Y)/J-0"(2)2=*-*)+" &E*39*+" <5/3;" .*,+9-6" =9K-4)*" 9,-*)23-9/,"

$*9A0-"a3=c" O. campestris HDT"aUF"UHc" """"""QDU"aGF"UHc" ""HDV"aRF"UHc" """GDI"aVF"UHco"

" +J**-35/:*) QDQ"aUF"NGc" """"QRDN"aGF"NGcoo" ""UDN"aRF"NGco" """QDU"aVF"NGc"

&0//-"<9/=2++"a=Ac
v
" O. campestris HDT"aUF"UHc" """"""GDV"aGF"UHc" ""HDR"aRF"UHc" """QDR"aVF"UHc"

" +J**-35/:*) QDU"aUF"NQc" """"USDR"aGF"NQcoo" ""IDU"aRF"NQco" """QDG"aVF"NQc"

>//-"<9/=2++"a=Ac
v
" O. campestris HDS"aUF"UHc" """"""GDG"aGF"UHc" ""HDG"aRF"UHc" """QDV"aVF"UHc"

" +J**-35/:*) QDT"aUF"NQc" """"UGDT"aGF"NQcoo" ""SDS"aRF"NQco" """QDR"aVF"NQc"

#/-25"<9/=2++"a=Ac
v
" O. campestris HDN"aUF"UHc" """"""QDU"aGF"UHc" ""HDG"aRF"UHc" """QDI"aVF"UHc"

" +J**-35/:*) QDU"aUF"NQc" """"UIDT"aGF"NQcoo" ""IDS"aRF"NQcoo" """QDR"aVF"UHc"

o"!+-*)9+;+"9,.932-*"+9A,97932,-"EW:254*+"ao"q"E"r"HDHN"2,."oo"q"E"r"HDHHHQcD"
v"
@2-2"J*)*"5/A"-)2,+7/)=*."7/)"2,256+*+D  Table 8.  ANOVA model results for growth responses of O. 

campestris and sweetclover grown at different densities and ratios. 
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Fig. 3.2." " B*2," 0*9A0-" 2,." <9/=2++" /7"O. campestris" a!F" Cc" 2,." +J**-35/:*)" aPF" @c"

A)/J,"2-"+*:*)25".*,+9-9*+"2,."=9K-4)*+D""C2)+"9,.932-*"+-2,.2)."*))/)+D"

19A4)*" ID" " B*2," ap" +D*c" -/-25" <9/=2++" 2,." 0*9A0-" /7" fD" 32=E*+-)9+" a!F" Cc" 2,."

+J**-35/:*)aPF"@c"A)/J,"9,"=9K-4)*D 
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Table 3.4.""#0*"9=E/)-2,3*"/7".*,+9-6"2,."=9K-4)*"/,"-0*"<9/=2++"2,."0*9A0-")*+E/,+*+"/7"H. alpinum"2,."

+J**-35/:*)D""]254*+"2)*"/<+*):*."1W:254*+"7)/="-0*"!^f]!"=/.*5"2,."-0*"3/))*+E/,.9,A",4=*)2-/)"2,."

.*,/=9,2-/)".*A)**+"/7"7)**./=D"""""

Y)/J-0"(2)2=*-*)+" &E*39*+" <5/3;" .*,+9-6" =9K-4)*" 9,-*)23-9/,"

$*9A0-"a3=c" H. alpinum """GDR"aUF"RIc" """"""QDR"aGF"RIc" """UDH"aRF"RIco" """RDV"aVF"RIco"

" +J**-35/:*) """GDI"aUF"NQco" """"""GDS"aGF"NQc" """RDG"aRF"NQco" """RDT"aVF"NQco"

&0//-"<9/=2++"a=Ac
v
" H. alpinum """UDN"aUF"RIco" """"""HDV"aGF"RIc" """NDQ"aRF"RIco" """RDR"aVF"RIco"

" +J**-35/:*) """HDG"aUF"NQc" """"""TDV"aGF"NQco" """RDU"aRF"NQco" """QDG"aVF"NQc"

>//-"<9/=2++"a=Ac
v
" H. alpinum """UDI"aUF"RIco" """"""HDV"aGF"RIc" """UDN"aRF"RIco" """QDR"aVF"RIc"

" +J**-35/:*) """RDI"aUF"NHco" """"QVDU"aGF"NHcoo" """GDR"aRF"NHc" """QDU"aVF"NHc"

#/-25"<9/=2++"a=Ac
v
" H. alpinum """UDS"aUF"RIco" """"""HDS"aGF"RIc" """NDQ"aRF"RIco" """GDR"aVF"RIc"

" +J**-35/:*) """QDN"aUF"NQc" """"QSDH"aGF"NQcoo" """RDU"aRF"NQco" """QDV"aVF"NQc"

o"!+-*)9+;+"9,.932-*"+9A,97932,-"EW:254*+"ao"q"E"r"HDHN"2,."oo"q"E"r"HDHHHQcD"
+ 
@2-2"J*)*"5/A"-)2,+7/)=*."7/)"2,256+*+D  Table 9.  ANOVA model results for growth responses of H. 

alpinum and sweetclover grown at different densities and mixtures. 
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Fig. 3.3.""B*2,"0*9A0-"2,."<9/=2++"/7"H. alpinum"a!F"Cc"2,."+J**-35/:*)"aPF"@c"A)/J,"

2-"+*:*)25".*,+9-9*+"2,."=9K-4)*+D""C2)+"9,.932-*"+-2,.2)."*))/)+D Figure 9.  Mean (± s.e) 

total biomass and height of H. alpinum (A, B) and sweetclover  (C, D) grown in 

mixture."
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Table 3.5." " " #0*" 9=E/)-2,3*" /7" 3/=E*-9-9/," /," -0*" 0*9A0-" 2,." <9/=2++" )*+E/,+*+" /7" O. campestris" 2,."

+J**-35/:*)D""&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D"""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""B/.*5"(2)2=*-*)+"

Y)/J-0"(2)2=*-*)+"
&E*39*+" M/"

9,-)2+E*39793"

3/=E*-9-9/,"

9,-*)+E*39793"

3/=E*-9-9/,"
>
G
"

$*9A0-"a3=c" O. campestris """""""HDII"aHDHUco" "WHDHHR"aHDHHGco" """""HDHHHQ"aHDHHGc" ""HDHV"

" +J**-35/:*) """""""QDRN"aHDHRco" """HDHHN"aHDHHQco" """""HDHHG"""aHDHHQc" ""HDGI"

&0//-"<9/=2++"a=Ac" O. campestris """""""GDGT"aHDHIco" """HDHHQ"aHDHHGc" """""HDHHU"""aHDHHGc" ""HDHN"

" +J**-35/:*) """""""GDIQ"aHDHSco" """HDHQ"""aHDHHGco" """""HDHHR"""aHDHHGc" ""HDNR"

>//-"<9/=2++"a=Ac" O. campestris """""""GDHS"aHDHSco" """HDHHG"aHDHGc" """""HDHHR"""aHDHHGc" ""HDHN"

" +J**-35/:*) """""""GDNT"aHDHIco" """HDHQ"""aHDHHGco" """""HDHHU"""aHDHHRc" ""HDUU"

#/-25"<9/=2++"a=Ac" O. campestris """""""GDNH"aHDHSco" """HDHHQ"aHDHHQc" """"HDHHR"""aHDHHGc""" ""HDHN"

" +J**-35/:*) """""""RDHG"aHDHSco" """HDHQ"""aHDHHGco" """""HDHHR"""aHDHHGc" ""HDNQ"

o""(2)2=*-*)+"J*)*"+9A,97932,-"9,"-0*"-J/"+E*39*+")*39E)/325"=/.*5"a25E02qDHNcD"""
u"""
@2-2"J*)*"2,256[*."J9-0"-0*"59,*2)")*39E)/325"69*5."=/.*5D""f-0*)J9+*".2-2"J*)*"2,256[*."J9-0"-0*"A*,*)259[*."

)*39E)/325"69*5."=/.*5D"#2<5*"QHD""B/.*5"E2)2=*-*)+"7/)"=*2,"9,.9:9.425")*+E/,+*"/7"fD"32=E*+-)9+"2,."

+J**-35/:*)D""&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D"
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  Fig. 3.4." " B/.*5*." 0*9A0-" 2,." <9/=2++" /7" O. campestris" a!F" Cc" 2,."

+J**-35/:*)" aPF"@c" A)/J," 2-" +*:*)25" +**.59,A" .*,+9-9*+" 2,."=9K-4)*+D" " 1955*."

39)35*+" )*E)*+*,-"=*2,+"7/)"*230".*,+9-6"2,."=9K-4)*"3/=<9,2-9/,D" "^/-*" -02-"

6W2K*+"02:*".977*)*,-"+325*+"<*-J**,"+E*39*+DD   Figure 10.  Modeled response 

of total biomass and height for O. campestris (A, B) and sweetclover (C, 

D). 
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Table 3.6." " " #0*" 9=E/)-2,3*" /7" 3/=E*-9-9/," /," -0*" 0*9A0-" 2,." <9/=2++" )*+E/,+*+" /7" H. alpinum" 2,."

+J**-35/:*)D""&-2,.2)."*))/)+"2)*"9,"E2)*,-0*+*+D"

" """""""""""""""""""""""""""""""""""B/.*5"(2)2=*-*)+"

Y)/J-0"(2)2=*-*)+" ""&E*39*+"
M/"

"""""9,-)2+E*39793""

"""""3/=E*-9-9/,"

"""',-*)+E*39793"

"""3/=E*-9-9/,"
>
G
"

$*9A0-"a3=c" H. alpinum """"""QDHQ"aHDIGco" WHDHHU"aHDHHQco" """WHDHHQ"aHDHHQc" ""HDQU"

" +J**-35/:*)" """"""QDRH"aHDHGco" HDHHU"aHDHHQco" """WHDHHQ"aHDHHQc" ""HDRQ"

&0//-"<9/=2++"a=Ac
v
" H. alpinum """"""GDQT"aHDHVco" """WHDHHQ"aHDHHQc" """""HDHHR"aHDHHGc" ""HDHV"

" +J**-35/:*)
"u
 """"""HDRI"aHDHQco" """"HDHHU"aHDHHQco" """""HDHHQ"aHDHHQc" ""HDUT"

>//-"<9/=2++"a=Ac
v
" H. alpinum """"""GDQN"aHDHVco" """WHDHHQ"aHDHHQc" """""HDHHG"aHDHHGc" ""HDHN"

" +J**-35/:*)
"u
 """"""HDUH"aHDHQco" """"HDHHN"aHDHHQco"" """""HDHHQ"aHDHHQc" ""HDUN"

#/-25"<9/=2++"a=Ac
v
" H. alpinum """"""GDUS"aHDHVco" """WHDHHQ"aHDHHQc" """""HDHHG"aHDHHGc" ""HDHN"

" +J**-35/:*)
"u
 """"""HDRN"aHDHQco" """"HDHHR"aHDHHHUco" """""HDHHQ"aHDHHQc" ""HDUV"

o""(2)2=*-*)+"J*)*"+9A,97932,-"9,"-0*"-J/"+E*39*+")*39E)/325"=/.*5"a25E02qDHNcD"
u"""
!55".2-2"J*)*"2,256[*."J9-0"-0*"A*,*)259[*.")*39E)/325"69*5."=/.*5D   Table 11.  Model parameters for 

mean individual response of H. alpinum and sweetclover. 
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  Fig. 3.5." " B/.*5*." 0*9A0-" 2,." <9/=2++" /7"H. alpinum" a!F" Cc" 2,." +J**-35/:*)"

aPF"@c" A)/J," 2-" +*:*)25" +**.59,A" .*,+9-9*+" 2,."=9K-4)*+D" " 1955*." 39)35*+" )*E)*+*,-"

=*2,+"7/)"*230".*,+9-6"2,."=9K-4)*"3/=<9,2-9/,D" "^/-*" -02-"6W2K*+"02:*".977*)*,-"

+325*+"<*-J**,"+E*39*+D" " "    Figure 11.  Modeled response of total biomass and 

height for H. alpinum (A, B) and sweetclover (C, D). 
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