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CARACTERIZACIÓN DE Lolium perenne, Lolium multiflorum, Lolium hybridum y 

Dactylis glomerata 
Cinthia Jimena Aguirre Robert, M. en C. 

Colegio de Postgraduados, 2009 
 
 

En Valles Altos Centrales de México ha aumentado el cultivo de Lolium, Festuca, 

Dactylis y Vicia, géneros de especies forrajeras mejor adaptadas a la zona, pero su 

desventaja son recursos genéticos limitados para continuar la mejora genética de las 

especies. Por tanto, el objetivo del presente estudio fue realizar una evaluación 

agronómica y molecular de 8 accesiones de Lolium: Ansyl France (AF), New Zealand 

(NZ), Uruguay (U), Netherland Barenza (NB), USA Manhattan II (UMII), Canada Uri (4n) 

(CU4n), Australia Wimmera 62 (AW62) y France Itaque (FI); y tres de Dactylis: Canada 

Hércules (CH), USA Potomac (UP) y USA Napier (UN). La estructura poblacional y 

similitud genética entre accesiones se determinó con 13 loci-SSR, y se estimó la 

asociación entre loci y caracteres morfológicos. Se encontró que Ansyl France 

sobresalió para altura, peso seco de planta, peso seco de hoja, y tallo por planta; CU4n 

para porcentaje de hoja y tallo; UP para porcentaje de material muerto, y peso seco de 

material muerto por planta; y UMII para número de tallos. De los 13 loci-SSR se 

identificaron 59 alelos (4.5 alelos por locus). Con base en las distancias genéticas de 

Nei´s, el análisis de agrupamiento UPGMA mostró la integración de tres grupos: por 

especie (D. glomerata), por nivel de ploidía (L. hybridum y L. perenne tetraploide) y por 

género (Lolium), lo cual indica que los SSRs discriminaron a los genotipos por especie, 

nivel de ploidía y género. La relación entre las distancias genéticas de los 13-loci SSR y 

los componentes morfológicos, estimada a partir de biplots de mínimos cuadrados 

parciales (MCP), indicó que en promedio los SSR-loci identificaron hasta un 14.3% de 

la variación fenotípica de los caracteres morfológica entre accesiones (r2<0.143). Se 

concluye que descriptores morfológicos y distancias genéticas a partir de loci-SSR se 

pueden usar en la discriminación de gramíneas forrajeras, seleccionando los genotipos 

con las mejores características para establecer un programa de mejoramiento genético 

basado en caracteres fenotípicos y genéticos. 

 

Palabras clave: accesiones, loci, caracteres morfológicos, SSR. 
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SIMPLE SEQUENCE REPEATS MARKERS ON THE CARACTERIZATION OF Lolium 
perenne, Lolium multiflorum, Lolium hybridum and Dactylis glomerata 

Cinthia Jimena Aguirre Robert, M. en C. 
Colegio de Postgraduados, 2009 

 
 

In Central Highland Valleys of México there has been an increase in Lolium, 

Festuca, Dactylis and Vicia cropping, which are the grass genera better adapted to the 

region, but their disadvantage is their limited genetic resources to continue genetic 

improvement of the species. Therefore, the objective of this study was to carry out an 

agronomic and molecular evaluation of eight Lolium accesions : Ansyl France (AF), New 

Zealand (NZ), Uruguay (U), Netherland Barenza (NB), USA Manhattan II (UMII), 

Canada Uri (4n) (CU4n), Australia Wimmera 62 (AW62) and France Itaque (FI); and 

three Dactylis: Canada Hércules (CH), USA Potomac (UP) and USA Napier (UN). 

Population structure and genetic similarity among accesions were determined by 13 

SSR-loci, and the association between loci and morphological traits was estimated. It 

was found that Ansyl France (AF) surpassed for plant height, dry weight, leaf dry weight, 

and stem weight per plant; CU4n for percentage of leaf and stem; UP for percentage of 

dead material and dry weight of dead material per plant; and UMII for number of stems. 

Of the 13 SSR-loci, 59 alleles were identified (4.5 alleles per locus). Based on Nei’s 

genetic distances, the group analysis UPGMA showed an integration of three groups: 

per species (D. glomerata), per ploidy level (L. hybridum and L. perenne) and per genus 

(Lolium), which indicates that SSRs discriminate the genotypes per species, ploidy level 

and genus. The relationship between genetic distances of the 13 SSR-loci and the 

morphological characters, estimated by biplots of partial mean squares (PMS), indicated 

that SSR-loci expressed up to 14.3% of phenotypic variation of morphological traits 

among accessions (r2<0.143). It may be concluded that morphological traits and genetic 

distances from SSR-loci may be used for discriminating forage grasses, selecting 

genotypes with the best characteristics in order to establish a breeding program, based 

on genetic and phenotypic characters. 

 

Key words: accesions, loci, morphological traits, SSR. 
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perenne, L. multiflorum, L. hybridum y D. glomerata. 

"$ C%0+*&'$ %&'(&)"'*#$ %"+*(,+&'*#$ --1$ 0&'&$ (&'&(2*'/6&'$ 0"8+&(/".*#$ )*$ L. 

perenne, L. multiflorum, L. hybridum y D. glomerata. 

"$ $C#2&8+*(*'$ +&$ '*+&(/7.$ *.2'*$ +"#$ %&'(&)"'*#$ %"+*(,+&'*#$ (".$ +"#$ (&'&(2*'*#$

=*."2E0/("#$3("%0".*.2*#$%"'="+7D/("#4B$$$

$



!!

!

!
!"#$%&'()*%*#

!! "#!$#%&#'&()!*)! +,-! '#%#'.*%*-! /*),.01&',-!*-.2!3*.*%4&)#3#!1,%! +#! ',)-.&.5'&()!

6*)(4&'#!3*!'#3#!6*),.&1,!7!*-1*'&*!3*!6%#40)*#-8!1,%!+,!95*!*+!*).*)3&4&*).,!

7! 3*-'%&1'&()! 3*! 3&':#! $#%&#'&()8! 1*%4&.&%2! *-.#;+*'*%! *-.%#.*6&#-! 3*!

'#%#'.*%&<#'&()8! -*+*''&()! 7! 4*=,%#4&*).,! 3*! 6*),.&1,-! ',)! *+! 4*=,%!

',41,%.#4&*).,!*)!',41,)*).*-!4,%/,+(6&',-!7!#+.#!#3#1.#'&()!',)!*+!#1,7,!3*!

4#%'#3,%*-!4,+*'5+#%*-!>>?-@!

!

+"#,)-%*%'.#/)#0%(),1(2,1!

"#! <,)#! .*41+#3#! 3*+! 1#0-8! 95*! &)'+57*! +,-! A#++*-! B+.,-! C*).%#+*-! 3*! DEF&',8! -*!

'#%#'.*%&<#!1,%!5)#!-*%!5)#!%*6&()!',)!#+.,!1,.*)'&#+!*)!+#!1%,35''&()!3*!/,%%#=*-8!1#%#!

+,-!-&-.*4#-!+*':*%,-!*-.#;5+#3,-!7!3*!.%#-1#.&,8!#3*42-!3*!+#!*)6,%3#!3*!;,%%*6,-@!

"#! 1%,35''&()! 3*! /,%%#=*! -*! ;#-#! *)! *-1*'&*-! #)5#+*-! 3*! 4#0<! 7! -,%6,8! #-0! ',4,!

;&#)5#+*-! 7! 1*%*))*-! 3*! Lolium perenne, Lolium multiflorum y Dactylis glomerata8!

&).%,35'&3#-!3*-3*!,.%,-!1#0-*-@!G*!#950!*+!&).*%E-!*)!1%&4*%!+56#%!*)!+#!&3*).&/&'#'&()!

3*! +,-! %*'5%-,-! 6*)E.&',-! ,! 6*%4,1+#-4#! 3*! #+.#! #3#1.#'&()! #! +#-! ',)3&'&,)*-! 3*!

A#++*-! B+.,-! C*).%#+*-8! 1,.*)'&#+! 1%,35'.&$,8! 1*%-&-.*)'&#! 3*+! %*)3&4&*).,8! '#+&3#3!

)5.%&.&$#8! 7! .,+*%#)'&#! #! 1+#6#-8! *)/*%4*3#3*-! 7! *-.%E-! #4;&*).#+! 3*! -*950#! 7! ;#=#-!

.*41*%#.5%#-@!H,%!+,!#).*%&,%!*-!&41%*-'&)3&;+*!&3*).&/&'#%!3*+!6*%4,1+#-4#!/,%%#=*%,!3*!

3&':#-!*-1*'&*-8!#-0!',4,!+#!4#6)&.53!3*!+#!$#%&#'&()!6*)E.&'#!&).%#1,;+#'&,)#+8!1#%#!#!

1#%.&%! 3*! *-.,! *-.#;+*'*%! *-95*4#-! 3*! -*+*''&()! 7! 4*=,%#! 3*! $#%&*3#3*-! 3*! #+.,!

%*)3&4&*).,!1#%#! +#! <,)#8!4#).*)&*)3,!*+! $#+,%!3*! +#! $#%&#)<#!6*)E.&'#!3*+! 6*),.&1,@!

G*).%,! 3*! +#-! 4*.,3,+,60#-! 1%,15*-.#-! 1#%#! +#! '#%#'.*%&<#'&()! 3*! 6*%4,1+#-4#!

'#)3&3#.,8!:#)!-&3,!+,-!*)-#7,-!3*!%*)3&4&*).,!#!.%#$E-!3*!3&$*%-,-!#I,-!7!#4;&*).*-8!

+#-! 1%5*;#-! 3*! 1%,6*)&*! 3*! 6*),.&1,-! -,;%*-#+&*).*-! 7! J+.&4#4*).*! *+! 5-,! 3*!

4#%'#3,%*-! 4,+*'5+#%*-! )*5.%#+*-! 1#%#! *-.#;+*'*%! *-95*4#-! 3*! :&;%&3#'&()! *).%*!

6*),.&1,-!-,;%*-#+&*).*-8!-*+*''&,)#3,-!*)!+,-!*)-#7,-!3*!%*)3&4&*).,@!

!

!

!



!!

!

!"#"$%&'()*+(*,-$.&$/0-&)1'$

!"#"#"$23$/0-&)1$Lolium$

41'$+5'61'$.&3$/0-&)1$Lolium7$.&-18*-5.1'$9533*(1'$1$):&/)5''7$'1-$-56*;1'$.&$2<)1+57$

=1)85-$ 8565'$ 585(1335.5'$ .&$ 5+)1>*85.58&-6&$ ?@$ (8$ .&$ 536<)57$ '*-$ )*A185'$

BC5--5D5:7$ #EEE5F"$ G1.5'$ 35'$ &'+&(*&'$ .&3$ /0-&)1$ Lolium 6*&-&-$ H$ +5)&'$ .&$

()181'185'$ I<&$ J5-$ 1)*/*-5.1$ ;5)*5(*1-&'$ J*9)*.5'$ *-6&)&'+&(*=*(5'7$ :$ &>*'6&-$

;5)*&.5.&'$ .*+31*.&'$ :$ 6&6)5+31*.&'$ (1-$ <-$ -K8&)1$ 9L'*(1$ .&$ ()181'185'$ M-N#!$ :$

!-NMO$B%&3/5.17$#EOPF"$Q&$5.5+65-$8&R1)$5$)&/*1-&'$(1-$(3*85'$=)S1'$:$JK8&.1'7$(1-$

536*6<.&'$.&$#T@@UP@@@$8'-8$:$6&8+&)56<)5'$.&$M@UMT$VW"$2-$35'$A1-5'$6&8+35.5'$.&$

X0>*(17$L. perenne$ &'$ &3$8L'$ (18K-7$ (1-$8&R1)$ ()&(*8*&-61$ &-$+)*85;&)5$ :$ ;&)5-17$

'&-'*93&$ 5$ '&I<*5'$ :$ 6&8+&)56<)5'$ &>6)&85'$ BY<Z&A$ et al7$ #EE#F[$ '<$ +)1.<((*,-$

.*'8*-<:&$'*$35$6&8+&)56<)5$53$=*-53$.&$+)*85;&)5$:$.<)5-6&$&3$;&)5-1$)&95'5$31'$PM$VW$:$

.&6*&-&-$'<$()&(*8*&-61$'*$35$6&8+&)56<)5$&'$8&-1)$5$?$VW"$Q<$()&(*8*&-61$&'$*.&53$&-$

'<&31'$JK8&.1'7$(1-$9<&-$.)&-5R&$:$ =0)6*3&'7$5<-I<&$+<&.&-$5.5+65)'&$5$'<&31'$(1-$

<-$ 9<&-$ 1$ 853$ .)&-5R&7$ '<&31'$ L(*.1'$ :$ 53(53*-1'$ (1-$ +C$ .&$ T"#$ 5$ O"!7$ +&)1$ '&$

.&'5))1335-$ 8&R1)$ &-$ '<&31'$ (1-$ <-$ +C$ .&$ T"T$ 5$ H"T"$ 45'$ ;5)*&.5.&'$ )&'+1-.&-$ .&$

*-8&.*561$ 5$ =&)6*3*A5(*1-&'$ -*6)1/&-5.5'7$ &-$ 161Z1$ +)*-(*+538&-6&7$ =5;1)&(*&-.1$ &3$

()&(*8*&-61$ *-;&)-53"$ 45$ &-=&)8&.5.$ 8L'$ (18K-$ &'$ 35$ )1:5$ .&$ 35$ (1)1-5$ BPuccinia 

coronataF7$:$&>*'6&$/&)81+35'85$(1-$<-5$;5)*5(*,-$/&-06*(5$ *8+1)65-6&$.&$613&)5-(*5U

'<'(&+6*9*3*.5.$5$.*(J5$&-=&)8&.5.$BC5--5D5:$et al7$#EEE5F"$$

Lolium perenne y L. multiflorum$ '&$ <6*3*A5-$ +)*-(*+538&-6&$ &-$ 35$ 53*8&-65(*,-$ .&$

)<8*5-6&'$+)1.<(61)&'$.&$3&(J&$:$(5)-&7$:$&'$<-$&>(&3&-6&$=1))5R&$+5)5$(1-'&);5)31$&-$

=1)85$ .&$ &-'*35.1$ BC&56J$ et al"7$ #EOTF"$ 41'$ /&-16*+1'$ .&$ 5895'$ &'+&(*&'$ '1-$

(1-'*.&)5.5'$ .&$ 5361$ ;531)$ -<6)*6*;17$ 6*&-&-$ <-$ (1-6&-*.1$ .&$ +)16&S-5$ ()<.5$ '*8*35)$ 5$

16)5'$&'+&(*&'$.&$/)58S-&5'$.&$(3*85$6&8+35.1$B#!U#O$\F7$+)&'&-65-$<-$-*;&3$5361$.&$

(5)91J*.)561'$-1$&'6)<(6<)53&'7$+)*-(*+538&-6&$&-$+)*85;&)5$:$;&)5-17$:$35$.*/&'6*9*3*.5.$

;5$.&$?TUH@$\7$'<+&)*1)$5$35$.&$16)5'$&'+&(*&'$BX*-'1-7$#EE@F"$

$

$

$



!!

!

!"#"$%&'%()*+,-%Dactylis%

.-/% 0,-121'+/% 3+*4,-/% 5+% -,6(+*% 5+'% 02/4-% -76''-% 8% -,392,5(,2//% /-*% '2/% ,+(6-*+/% 5+%

3'6:2%4+:0'25-%5+%&8,-02;%</62%=%*-,4+%5+%>?,632"%&/%8*%02/4-%+,+34-%2:23-''25-;%3-*%

8*2% 2'48,2% 5+% @AB#!A% 3:;% /6*% ,6C-:2/"% &'% ()*+,-% Dactylis % 0,+/+*42% D% 02,+/% 5+%

3,-:-/-:2/% EF-+9':2*% =% G'+0+,;% #HH@I" &*% J)K63-;% +'% 02/4-% -76''-% /+% 252042% 2%

,+(6-*+/% 4+:0'252/%3-*% 4+:0+,248,2%0,-:+56-%5+%#AB#H%LM% EN2**2O2=%et al;%#HHH3IP%

/8+'-/%3-*%5,+*2Q+%5+%:-5+,25-%2%18+*-;%=%+/%4-'+,2*4+%2%/8+'-/%3-*%0N%5+%@"R%2%S"!;%

28*T8+% +'% 0N% U046:-% 02,2% 8*% 18+*% 3,+36:6+*4-% 72% 5+% R"A% 2% D"@"% V-% 4-'+,2% /8+'-/%

9W:+5-/%*6%/-1,+767+%2%6*8*5236-*+/%0,-'-*(252/%EN+**6*(%=%X6/*+,;%#HHYI" 

M-:02,25-%3-*%'-/%12''63-/;%+'%02/4-%-76''-%+/%:Z/%,+/6/4+*4+%2'%32'-,%=%2%'2%/+T862;%+/%

4-'+,2*4+% 2% '2% /-:1,2% 5+165-% 2% /8% +K4+*/-% /6/4+:2% ,25638'2,P% 58,2*4+% '2% 0,6:27+,2%

2'32*C2%/8%:2=-,% ,+*56:6+*4-;% =% /8%0,-58336U*%+/%:+*-,%58,2*4+%+'% 6*76+,*-;% '-% 382'%

28:+*42% /8% ,+/6/4+*362% 2'% ?,6-% EN2**2O2=% et al;% #HHH3I"% .2% 56(+/4616'6525% +/% :+*-,%

92/42%+*%#A%[% ,+/0+34-%2'% 12''63-% =;% 25+:Z/%06+,5+% ,Z0652:+*4+% /8% 72'-,% *84,6467-%2'%

272*C2,%'2%:258,+C%EN+249%et al, #HS@I"%&/42%+/0+36+%/+%846'6C2%0,6*3602':+*4+%02,2%'2%

0,-58336U*% 5+% 32,*+% =% +*% :+*-,% (,25-% 02,2% '2% 0,-58336U*% 5+% 9+*-% +*% '-/% &&"\\"%

EN+**6*(%=%X6/*+,;%#HHYI"%%

.2/%+*?+,:+525+/%T8+%:Z/%24232*%2'%D. glomerata /-*%'2%,-=2%2:2,6''2;%3-*/4648652%5+%

*8:+,-/2/%0W/48'2/%0+T8+]2/%T8+%2?+342*%2%'2/%9-Q2/%=%/8%6*365+*362%+/%5+%'-/%W'46:-/%

5^2/% 5+% :2=-% 92/42% -3481,+P% '2% ,-=2% *+(,2% /+% 0,+/+*42% 3-*% 0W/48'2/% (,2*5+/% T8+%

202,+3+*%+*%Q8'6-P%=%'2%Scolecotrichosis /+%32,234+,6C2%0-,%0,+/+*42,%(,2*5+/%:2*392/%

5+%3-'-,%:2,,U*%3'2,-"%&/42/%4,+/%+*?+,:+525+/%08+5+*%3-6*3656,%+*%46+:0-%0,-7-32*5-%

'2% 0),5652% 5+% '2% 0,25+,2;% =2% T8+% 24232*% '-/% ,+1,-4+/"% .-/%:)4-5-/% 5+% 0,+7+*36U*% =%

3-*4,-'% 3-*/6/4+*% +*% 20'632,% 3-,4+/% ?,+38+*4+/% 5+% 238+,5-% 2% /8/3+04616'6525% 5+% '2%

72,6+525;%=%25+:Z/%846'6C2,%72,6+525+/%,+/6/4+*4+/%EN2**2O2=%et al;%#HHH3I"%%

&*% V-,4+% <:),632% 2% 02,46,% 5+% '2% 5)3252% 5+% #H@A% /+% +/421'+36+,-*% 0,-(,2:2/% 5+%

:+Q-,2:6+*4-%(+*)463-%+*%Dactylis, 5+/08)/%5+%8*%0,-3+/-%5+%/+'+336U*;%3-*%12/+%+*%

(+,:-0'2/:2/%:Z/% /-1,+/2'6+*4+/;% /+% '-(,U% 3,+2,% 72,6+525+/% 846'6C252/% 2:0'62:+*4+%

+*%'-/%&/425-/%\*65-/%=%T8+%08+5+*%/+,%8/252/%+*%J)K63-%EM825,-%#I"%



!"#$%&'()'*+,-#'$.'/0'1"2-+3#%.,4'&%+5.64'7.$+5%..4'689.%&'$.' %:72+1#,';'#<&'$.'

2+=.%#1+>6' $.2' 1"2-+3#%4' +612"+$&,' .6' 2#' 7%".=#' $.' 9#$"%.?' -.97%#6#4' 9.$+#' ;'

-#%$@#'$.'7#,-&'&3+22&)'

'

'

'

'

'

'

'

'
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!



!"#$%#&'(%)#*!&'+,"*-.*

*

!"#$%"&%'&($)*'+&et al., ,---.&/"0%'1&23&4&0"&')5'67876$%"&9&::;&4&:$+#'+<)&:"+$='&
;')'$+6>&(""5.*
&

?.,&@'A"+$#7'0B"&='0CB76"&'0&=+$#D0'$)&8"++$A'+$)&

E$)& =+$#D0'$)& 8"++$A'+$)& FB7*7G$%$)& 70B'0)7H$#'0B'& 9& 6"0)7%'+$%$)& 6"#"& *$)& #I)&

7#5"+B$0B')&9&+'5+')'0B$B7H$)&%'&*$)&G"0$)&B'#5*$%$)J&)"0&L. perenne, L. multiflorum, 

D. glomerata Festuca arundinacea y Festuca 5+$B'0)7). 3)B$)& ')5'67')& )'& F)$0&

70B'0)7H$#'0B'& 5"+& )'+& *$& #$9"+& 8F'0B'& %'& 0FB+7'0B')& 5$+$& +F#7$0B')& 9& $07#$*')&

)7*H')B+')J&9&5"+&6"0B+7KF7+&$*&K7'0')B$+&>F#$0"1&5+"B'667L0&9&6"0)'+H$67L0&%'*&)F'*"&9&

8F'0B')&%'&$=F$M&#'A"+$#7'0B"&'0&*$&')B+F6BF+$&9&8'+B7*7%$%&%'*&)F'*"M&$K$)B'67#7'0B"&%'*&

>IK7B$B& 5$+$& 8$F0$& )7*H')B+'M& '0B+'& "B+").& E")& Lolium y Dactylis& )"0& 6"0)7%'+$%")&

=+$#D0'$)& 7%'$*')& '0& G"0$)& B'#5*$%$)& 5$+$& *$& 5+"%F667L0& %'& 8"++$A'J& %'K7%"& $& )F&

+I57%"&')B$K*'67#7'0B"J&+')7)B'067$&$*&5$)B"+'"J&$*B"&H$*"+&0FB+7B7H"&9&5"+&)'+&$5'B'67K*')&

NOF#5>+'9)&et al., ,--PQJ&9&$%'#I)&5"+&)F&B"*'+$067$&$&*$&)'RFD$&9&$*B$)&B'#5'+$BF+$)&

NDactylis).&

30&')BF%7")&#"+8"*L=76")&5$+$&%'B'+#70$+& *$&5*"7%D$&'0&'*&=C0'+"&LoliumJ&)'&'06"0B+L&

RF'& *")& ='0"B75")& B'B+$5*"7%')& )"0& )F5'+7"+')& ='0CB76$#'0B'& 5F')& B7'0'0&#I)& B$**")&

NS*)"0&et al., ,--TQJ&)"0&#I)&+')7)B'0B')&$&5*$=$)&9&&'08'+#'%$%')J&)"0&#I)&AF=")")&9&

!!

!



!!

!

!"#$%&'!&()%#)!#*+%'!,&-#!.#/-0%+#123*!4#0#5!6-"%.-7#899:;<#=)!/>.#!.'%.#?!&%'(*%.#

/@!.'+-&#/-0%+#'-/-6%#!&#.!/(""-.#0#A%B-.#$%&#+!.*!$'%#-#"%.#)(*"%()!.#1C%.'-#et al., 

D::E;<# F-)%# G@!# "%.# ?!&%'(*%.# )(*"%()!.# '(!&!&# /-0%+# )!&.()-)# )!# '-""%.7# .!#

$%&.()!+-&#/>.#*!+.(.'!&'!.#G@!# "%.# '!'+-*"%()!.#G@!#*+!.!&'-&#/-0%+#*+%)@$$(3&#)!#

'-""%.# *!+%# *@!)!&# /%.'+-+# /!&%+# *!+.(.'!&$(-# -"# (&H(!+&%# 12-$!I(!")# et al., D::J;<#

C%/*-+-)%#$%&# "-.#)(*"%()!.7# "-.#H-+(!)-)!.# '!'+-*"%()!.# '(!&!&#/-0%+#*%+$!&'-B!#)!#

-4K$-+!.7#*%+#"%#$@-"#.%&#-"'-/!&'!#)(?!.'(L"!.#0#.@#.-L%+#!.#-?+-)-L"!#-"#?-&-)%7#G@!#

"%# $%&.@/!# />.# 1M-+H(&7# 899D;<# C@-&)%# "%.# $@"'(H-+!.# )(*"%()!.# 0# '!'+-*"%()!.# .!#

)!.-++%""-&# !&# "-.# /(./-.# $%&)($(%&!.7# !"# H-"%+# &@'+('(H%# )!# '!'+-*"%()!.# -@/!&'-7#

/(!&'+-.# G@!# "%.# )(*"%()!.# '(!&!&#/!B%+# -)-*'-$(3&#-# -/L(!&'!.# $%&# +!.'+($$(%&!.#)!#

.@!"%# 0# $"(/-# 0# *+>$'($-.# )!#/-&!B%# !.$-.-.7# 0-# G@!# *+!.!&'-&# @&#/-$%""-B!#/-0%+#

1N-+$,-#D::E;<#

2-.#!.'+-'!?(-.#*-+-#%L'!&!+#(&$+!/!&'%.#*+%)@$'(H%.#!&#*"-&'-.#.!#L-.-&#!&#'O$&($-.#

'+-)($(%&-"!.# )!# /!B%+-/(!&'%# G@!# )!*!&)!&# )!# "-# H-+(-L("()-)# &-'@+-"# !&# !$%'(*%.#

-)-*'-)%.7# *%L"-$(%&!.# &-'@+-"(4-)-.# 0# $@"'(H-+!.# H(!B%.<# 2-.# 'O$&($-.# @.-)-.# .%&#

+!$%"!$$(3&#)!#*"-&'-.7#!H-"@-$(3&#)!# "%.# +!$@+.%.#?!&O'($%.7#.!"!$$(3&#L-.-)-#!&#!"#

I!&%'(*%# A(L+()-$(3&7# +!?!&!+-$(3&# *%+# .!/(""-# %# *+%*-?-$(3&# H!?!'-'(H-# 1P&%@!#et al., 

D::Q;7# *%"(*"%(),-# 0# /@'-?O&!.(.# 1=&)+O.# D::R;<# 2%.# "%?+%.# %L'!&()%.# !&# !"#

/!B%+-/(!&'%#)!#?+-/,&!-.#I%++-B!+-.#!.'>#!&#I@&$(3&#)!#"-#!.*!$(!#0#)!#.@#@.%7#*!+%#

"-#I(&-"()-)#!.#%L'!&!+#@&#$@"'(H-+#.@*!+(%+#$%&#+-.?%.#!.*!$,I($%.#%#?!&!+-+#@&#&@!H%#

$@"'(H-+#$%&#+-.?%.#&@!H%.<#2%.#%LB!'(H%.#!&#/!B%+-/(!&'%#$%&.()!+-&#+!&)(/(!&'%#!&#

I%++-B!.#0#.!/(""-.7#+!.(.'!&$(-#-"#(&H(!+&%7#+!.(.'!&$(-#-#/-"!4-.7#+!.(.'!&$(-#-#*-+>.('%.#

!# (&.!$'%.7# '%"!+-&$(-#-"# $-"%+# 0#-# "-# .!G@,-#0# '%"!+-&$(-#-# .@!"%.#$%&#*%$-#A@/!)-)#

1S-+.A&!07#D::Q;<#

2%.# L-""($%.# *+!.!&'-&# @&-# +!"-$(3&# $!+$-&-# $%&# !.*!$(!.# )!# Festuca, "-.# $@-"!.#

/@!.'+-&#@&-#/!B%+#-)-*'-$(3&#-#!.'+O.#*+%H%$-)%#*%+#I-$'%+!.#-L(3'($%.#0#L(3'($%.<#2-#
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)'"%7)@)/)#$#&-%7(-$/-$#-'0-.'&)#$-#7-'&A&')#$),*)%-.*-$'".#-(B)/)#$-.$,)#$C".)#$

),-/)@)#D$+#*)#$#".$&%7"(*).*-#?$70-#$E-.-(),%-.*-$#-$%).*&-.-.$-.*(-$&./&B&/0"#$/-$

,)$%&#%)$-#7-'&-$F3"G-,,$et al;?$HIIJK;$!"#$<<5#$#-$-.'0-.*().$-#7)('&/"#$7"($*"/"$-,$

E-."%)$/-$,"#$"(E).&#%"#$-0')(&".*-#$FL)0*C?$HIMIK$6$7("')(&".*-#$FN).-$et al;$OPPOK;$$

3"G-,,$et al.$FHIIJK$%-.'&".).$10-$-,$&.'(-%-.*"$-.$-,$0#"$/-$,"#$<<5$#-$/-2-$)$10-$

7("7"('&".).$,)$%=#$),*)$ &.'&/-.'&)$/-$7",&%"(A&#%"$-.$'"%7)()'&>.$'".$,"#$5Q!3#$6$

5839#?$7(-#-.*).$R-(-.'&)$E-.+*&')$'"/"%&.).*-$ 6$-.$ &./&B&/0"#$'-(')."#$/-*-'*).$

%0'R"#$ ),-,"#;$ S,$ 0#"$ /-$ ,)$ 345$ A)'&,&*)$ ,)$ )0*"%)*&C)'&>.$ -.$ -#*"#$%)(')/"(-#?$ #-$

(-10&-(-.$ 7"')#$ ').*&/)/-#$ /-$89:?$ ,"#$ /)*"#$ "2*-.&/"#$ #".$ '".A&)2,-#$ 6$ ),*)%-.*-$

(-7("/0'&2,-#?$-#*=.$/&#7-(#"#$-.$-,$E-."%)$/-$%).-()$0.&A"(%-?$,"#$,"'&$#-$'".#-(B).$

/-$A"(%)$A(-'0-.*-$-.*(-$-#7-'&-#$(-,)'&".)/)#?$-.$"')#&".-#$-.*(-$E+.-("#$6$)/-%=#$

7"(10-$-,$ &.*-(')%2&"$-.*(-$ ,)2"()*"(&"#$#-$70-/-$(-),&C)($'".$,)$#&%7,-$#-'0-.'&)$/-$

,"#$ &.&'&)/"(-#?$ #&.$ *-.-($ 10-$ *().#A-(&(,"#$ AT#&')%-.*-;$ !"#$ %)(')/"(-#$ <<5#$ #".$

'".B-.&-.*-#$ -.$ -#*0/&"#$ /-$ %)7-"$ F5)A),#U&$ et al;$ HIIJK$ 6$ -.$ ,)$ -#*&%)'&>.$ /-$

/&B-(#&/)/$E-.+*&')$FQ"(#*-($et al;$OPPVK$/-2&/"$)$,)#$B-.*)W)#$%-.'&".)/)#;$

!"9#:4.,'%',;3#-)#./+#0%&'%-/&)+#0/.)'1.%&)+#)3#<&%0*3)%+#

!"#$%)(')/"(-#$%",-'0,)(-#$#".$0*&,&C)/"#$-.$7("E()%)#$/-$%-W"()%&-.*"$-.$7,).*)#?$

7)()$ &/-.*&A&')($ ,"'&$ 6$ (-E&".-#$ /-.*("$ /-,$ E-."%)?$ -.$ ,)$ /-*-''&>.$ /-$ #&*&"#$

-#*(-'R)%-.*-$ ,&E)/"#$ )$ 0.$ E().$ .X%-("$ /-$ ()#E"#$ )E(".>%&'"#$ 6$ /-$ (-#&#*-.'&)$

-.A-(%-/)/-#$ -.$ /&A-(-.*-#$ -#7-'&-#$ /-$ 7,).*)#$ FY07*)$ 6$ Z)(#R.-6?$ OPP[K;$ S#*"#$

%)(')/"(-#$ #-$ 0#).$ -.$ -,$ ).=,&#&#$ /-$ (-,)'&".-#$ E-.+*&')#$ -.*(-$ '0,*&B)(-#?$ (-,)'&>.$

A&,"E-.+*&')$/-$-#7-'&-#$ (-,)'&".)/)#$ F\".-#$et al;$OPPO)K$6$-.$-,$-#*)2,-'&%&-.*"$/-$

%)7)#$E-.+*&'"#$'"%"?$7"($-W-%7,"?$-.$2),,&'"$7-(-..-$F\".-#$et al;$OPPO2D$])(.U-$et 

al;$OPP[K;$8,$ (-#7-'*"?$)$'".*&.0)'&>.$#-$/-#'(&2-.$ &.B-#*&E)'&".-#$)'-(')$/-,$0#"$/-$
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!"#$"%&#'()!&*'$+*"#'()',)'*)%'("##&**&)-)$&,(.#+$$/0,)%')!"1"()2',3./$&(4)%'.'$$/0,)

%'*)1&*/!&#5/(!&)-)',)*")'(./!"$/0,)%')*")%/6'#(/%"%)2',3./$"7!

)

8797:);'("##&**&)-)$&,(.#+$$/0,)%')!"1"()2',3./$&(!

<)!'%/"%&()%')*")%3$"%")%'):==>4) *").'$,&*&2?")%'*)!"#$"%&#)!&*'$+*"#)%'("##&**"%")

',) @"**/$&) 1'#',,') .+6&) +,) !',&#) "6",$') ',) $&!1"#"$/0,) $&,) &.#"() '(1'$/'() %')

1*",."()%') /!1&#.",$/")"2#?$&*"7)<(?4) (') $&,(.#+-'#&,)!"1"()2',3./$&()%') */2"!/',.&)

2',3./$&)%')"*.")#'(&*+$/0,)1"#").&!".'4)(&-"4)!"?A4).#/2&4)$'@"%"4)"##&A4)(&#2&4)+(",%&)

%/5'#',.'() ./1&() %') ./1&() %') !"#$"%&#'() !&*'$+*"#'(7) B&() !"1"() 2',3./$&() 5+'#&,)

+./*/A"%&() 1"#") /%',./5/$"#) CDB) %') $"#"$.'#'() 5',&.?1/$&() !E*./1*'(4) "(&$/"%&() $&,)

#',%/!/',.&4) #'(/(.',$/") ") ',5'#!'%"%'() -) .&*'#",$/") ") '(.#3() "@/0./$&7) F,) $&,.#"(.'4)

(0*&) (') +./*/A0) +,") #'5'#',$/") %') !"1") 2',3./$&) %') @"**/$&) 1'#',,') @"("%&) ',) +,)

,E!'#&) 1'G+'H&) %')!"#$"%&#'() ) <IBJ() -)K<J;(7) <%'!L() %'*) 1"#) %') $#+A"!/',.&)

/,.'#'(1'$/5/$&) +("%&) 1"#") %/$M&) !"1"4) +,) 1'G+'H&) ,E!'#&) %') %') &.#&() 1"#'() %')

$#+A"!/',.&) %'#/6"%&() %') #"(2&() '(1'$?5/$&() %') 1&@*"$/&,'() !"1'"%"() M"@?") (/%&)

%'("##&**"%&) ',) '*) K'/,&) N,/%&O) '(.") #'%+$/%") /,5&#!"$/0,) %') CDB) (') +(0) 1"#")

$"#"$.'#'() %') #"(2&() %') %'("##&**&) 5*&#"*) -) $&,.',/%&) %') $"#@&M/%#".&() (&*+@*'() ',)

"2+"4) 1'#&) '*) %'("##&**&) %') !"1"() -) ",L*/(/() %') CDB) '(.+6/'#&,) */!/."%&(4)

'(1'$/"*!',.')(/)(')$&!1"#")$&,)&.#"()'(1'$/'()%')2#"!?,'"()PI&#(.'#)et al7)Q>>8R7)

K+@/S)et al7)P:===R)"/(*"#&,)+,),E!'#&)1'G+'H&)%')TTK()%'#/6"%&()%'*)<;U)2',0!/$&)

%') $*&,'() %') @"**/$&) 1'#',,'4) 1'#&) 5+'#&,) /,(+5/$/',.'() 1"#") %'("##&**"#) +,)!"1"7) B")

.'$,&*&2?") %') ',#/G+'$/!/',.&) %') @/@*/&.'$"() 2',0!/$"() PF%V"#%() et al74) :==WR) 5+')

+./*/A"%") 1"#") "/(*"#) 89>) TTK() %') $*&,'() %') L. perenne) PBJTTKR) 1"#") '*) 1"#) %')

/,/$/"%&#)"(/2,"%&)PX&,'()et al)Q>>:4)Q>>Q@R)-)'*)(+@2#+1&)%')!"#$"%&#'()%'#/6"%&()(')

1#&@"#&,)1"#")1&*/!&#5/(!&)-)%'.'$$/0,)%')&#.&*&$+()',)'(1'$/'()#'*"$/&,"%"()PX&,'()

et al74)Q>>:R7)N,).&."*)%')Y>=)1"#'()%')/,/$/"%&#'()BJTTK)E,/$&()5+'#&,)'6"*+"%&()1"#")

1&*/!&#5/(!&) 2',3./$&) ',) :9>) 1&@*"$/&,'(4) ',) *"() $+"*'() (') %'.'$.0) Y:) Z) %')

('2#'2"$/0,) %') "*'*&(7) J"#") *") 1&(/$/0,) ',) '*) !"1") $&##'(1&,%/',.') "*) 2#+1&) %')

*/2"!/',.&)[) 5+'#&,)"(/2,"%&()=Y) *&$/O) *")!"-&#?")%'#/60)%')('$+',$/"()$*&,"%"()$&,)

#'1'./$/&,'() %'*) ,+$*'0./%&) %'*) ./1&) -4) "%'!L(4) +,") 1#&1&#$/0,) 1'G+'H") %') 1"#'() %')



!"!

!

!"!#!$%&'()* %(+(#+,* -&#!* ./-+!0-()* 1* $-(-&)* "2-&)3* $-* &4)('5$'* -$)* 6'(#2("#!$)* 789:"*

7;&"()* et al<* =>>=4:<* ?-* 0'!.('* .$0$* @("A+!#&* %(* B()+2#$* $-+$* #&")+'2!%&* #&"*

.$'#$%&'()* 9BCD)* 1* ?EFGEEH)* 74$)$%&)* ("* D8H:* 62(* '(0&'+$%&* 0&'* E$I$* 1*

#&-$4&'$%&'()*7=>>J:<*

*

J<K*L(+(##!,"*%(*0&-!.&'6!).&*1*()+!.$#!,"*%(*-$*%!5(')!%$%*@("A+!#$*

?"*2"*()+2%!&*'($-!M$%&*0&'*N24!O*et al<*7=>>P:*0$'$*%(+(#+$'*0&-!.&'6!).&*)(*("#&"+',*

Q2(*$-*2+!-!M$'*PRS*0$'()*%(* !"!#!$%&'()*?EFGEEH*%(*B()+2#$*$-+$*1* *0'&4$'-&)*("*PP*

@("&+!0&)*#&''()0&"%!("+()*$*)!(+(*()0(#!()*%(*I('4T#($)3*$0'&U!.$%$.("+(*(-*V=W*

%(*-&)*0$'()*%(*!"#!$%&'()*EEH*0'&%2X('&"*4$"%$)*("*$-*.("&)*2"$*()0(#!(<**

9-*%(+('.!"$'*-$*%!5(')!%$%*@("A+!#$*("*4$--!#&*0('(""(*+2"(#!"&3*YI$'!$"!*et al<*7=>>Z:*

&4+25!('&"* 2"* +&+$-* %(* PZK*.$'#$%&'()* 0&-!.,'6!#&)* [EEH3* #&"* 2"* 0'&.(%!&* %(* P=<K*

4$"%$)*0&-!.,'6!#$)*0&'*!"!#!$%&'3*1*()+&)*!"!#!$%&'()*(5!%("#!$'&"*%!5(')!%$%*@("A+!#$*

("*-$)*0&4-$#!&"()*%(*4$--!#&)\*$%(.T)3*()+&)*$2+&'()*&4)('5$'&"*%!5('@("#!$*("+'(*-&)*

%&)*#2-+!5$'()*!"#-2!%&)*'()0(#+&*$*-$)*PK*0&4-$#!&"()*()0&"+$"($)*7"$+!5$):<*N!'!@]!*et 

al<* 7=>>^:*&4+25!('&"*%(*2"$*)(-(##!,"*%(*J>*.$'#$%&'()*?EFGEEH*%(*B()+2#$*$-+$*1*

K>* .$'#$%&'()* EEH* @(",.!#&)* %(* Festuca-Lolium\* P><Z* 1* V<Z\* $%(.T)3* (--&)*

("#&"+'$'&"*Q2(* -&)*.$'#$%&'()*?EFGEEH*1*EEH*@(",.!#&)*$@'20$"*$*J^*#2-+!5$'()*

%(*L. temulentum*("*+'()*@'20&)3*#&"*-$*(U#(0#!,"*%(*2"*#2-+!5$'*Q2(*"&*)(*$@'20,*#&"*

"!"@2"&<*

9-*()+2%!$'*-$*'(-$#!,"*6("&+_0!#$*("+'(*%!6('("+()*()0(#!()*%(-*@("('&*Lolium3 `!'X$-!-!*et 

al<* 7=>>^:* '(0&'+$'&"* -$* 6&'.$#!,"* %(* @'20&)* !"%!5!%2$-()* 0$'$* #2$+'&* ()0(#!()3*

.!("+'$)* Q2(* -$)* '()+$"+()* %&)* ()0(#!()* )(* $@'20$'&"* ("* 2"* )&-&* @'20&* 1* $%(.T)*

.&)+'$'&"*2"$*'(-$#!,"*.21*#('#$"$*#&"*L. perenne*1*Lolium multiflorum.**
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!"#$%&'()*(!+,-$,.&/0(%1(.'23'010#1"(2'45'-/6&.'"(%1(Lolium perenne, Lolium 

multiflorum, Lolium  hybridum 7 Dactylis glomerata.!

(

)*(80#4'%$..&/0(

"#! $%&'(&$)#! $%*$+,&-*! ./! 0')! ()%)(-/%&1)(&+'! 2*%3*#+4&()! /,! &./'-&3&()%! 4/'*-&$*,!

,*5%/,)#&/'-/,! (*'! ()%)(-/%/,! ./,/).*,6! -)#/,! (*2*! )#-0%)! ./! #)! $#)'-)6! '72/%*! ./!

-)##*,6! %/,&,-/'(&)! )! /'3/%2/.)./,6! ()#&.).! '0-%&-&8)6! /'-%/! *-%),6! $)%)! &'(*%$*%)%#),! )!

$*5#)(&*'/,6!#*,!(0)#/,!$0/.)'!,/%!%/4&,-%).*,6!#&5/%).*,!9!0-&#&1).*,!/'!$%*4%)2),!./!

2/:*%)2&/'-*!;<*!=)##/6!>??@AB!</!/,-)!3*%2)6!2/.&)'-/!#)!0-&#&1)(&+'!./!#*,!.&3/%/'-/,!

./,(%&$-*%/,!,/!3*%2)%C'!4%0$*,!2*%3*#+4&()2/'-/!./3&'&.*,!D0/!$/%2&-&%C'!,/#/((&*')%!

#*,!()%)(-/%/,!2C,!&2$*%-)'-/,6!D0/!/E$#&D0/'!#)!8)%&)5&#&.).!./!/,-),!$*5#)(&*'/,!9!#)!

(*',-)'(&)!./!F,-*,6!./'-%*!./!#),!2&,2),!;G-/&'/%6!@HHIAB!"'!/#!J0).%*!@!,/!20/,-%)'!

K>! (0#-&8)%/,! ./! D. glomerata, *5-/'&.*,! )! $)%-&%! ./! $%*4%)2),! ./! ,/#/((&+'! 9!

2/:*%)2&/'-*!4/'F-&(*B!</,./!$%&'(&$&*,!./!#)!.F().)!./!@HL?6! #)!*5-/'(&+'!./!/,-*,!

(0#-&8)%/,! ,/! M)! 5),).*! $%&'(&$)#2/'-/! /'! /#! 2/:*%)2&/'-*! -%).&(&*')#6!

,/#/((&*'C'.*#*,! ./! )(0/%.*! )! ()%)(-/%/,! 3/'*-N$&(*,! (*2*O! )#-0%)6! %/'.&2&/'-*6!

$%*.0((&+'6!%/,&,-/'(&)!)!$#)4),!9!/'3/%2/.)./,6!/-(BP!)0'D0/!-)25&F'!,/!M)'!0-&#&1).*!

M/%%)2&/'-),!5&*-/('*#+4&(),B(

Q),! ()%)(-/%N,-&(),! 2*%3*#+4&(),! 9! 5&*#+4&(),! /'! #*,! $),-*,! $0/./'! ,/%! )#-)2/'-/!

8)%&)5#/,6!./5&.*!)!#)!&'3#0/'(&)!/(*#+4&()!9!)!#),!()%)(-/%N,-&(),!$%*$&),!./#!3*%%):/B!Q),!

/,$/(&/,!$/%/''/,!/,-C'!,0:/-),!)!()25&*,!5&+-&(*,!9!)5&+-&(*,!D0/!$%*8*()'!.&,-0%5&*,!

9! /,-%F,! /'! #)! 8)%&)(&+'! 4/'F-&()6! #*! D0/! $0/./! %/$/%(0-&%! /'! ,0! $/%,&,-/'(&)! 9!

).)$-)(&+'! ;R&)'9)'46! >??LAB! S*%! -)#! 2*-&8*6! #)! (#),&3&()(&+'! /! &./'-&3&()(&+'! ./! #*,!

%/(0%,*,! 4/'F-&(*,! .&,$*'&5#/,6! ,/40&.*! ./! 0')! ()%)(-/%&1)(&+'! 2*%3*#+4&()! 9!

)4%*'+2&()! $)%)! #)! %/4&+'! )4%*/(*#+4&()! ./! &'-/%F,6! /,! ./! 8&-)#! &2$*%-)'(&)! /'! #*,!

$%*4%)2),!./!2/:*%)2&/'-*!4/'F-&(*B!

"'! /#! .&%/(-*%&*! ./! (*#/((&*'/,! ./! 4/%2*$#),2)! /'! T2F%&()! Q)-&')! 9! /#! J)%&5/! ,/!

%/$*%-)!D0/!L. hybridum (0/'-)!(*'!,&/-/!8)%&/.)./,!-%).&(&*')#/,O!(&'(*!./!U%),&#6!0')!

./!V%)'(&)!9!0')!./!W0/8)!X/#)'.&)B!S)%)!L. multiflorum ,/!2/'(&*')'!YZ!8)%&/.)./,!

/'!U%),&#6!>[!./!T#/2)'&)6!,&/-/!./!<&')2)%()6!@L!./!#*,!S)N,/,!U):*,!9!,/&,!/'!W0/8)!
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!"#$%&'$()*%)#+),-")."/0"12$)$)L. perenne, /")"%1+%2.$.+%)345)6$.'"&$&"/)&")7.$/'#8)9:)

&");#"<$%'$8)=>)&")?'%$<$.1$8)=@)&")A+/)B$C/"/)7$D+/8)/"'/)&")E-"6$)!"#$%&'$)F)/'"2")

&")*/2$&+/)G%'&+/)HI%-&/"%8)9>>>J())

A+/) K+..$D"/) 0."/"%2$%) 1$<L'+/) 2"<0+.$#"/) "%) 0.+&-11'M%8) "%2.") "/2$1'+%"/) +) "%2.")

$N+/) HO"%&+P$) =QQ9J() A$) "/2$1'M%) &"#) $N+) R$1") ,-") "#) L$#$%1") "%2.") #$) 2$/$) &")

1."1'<'"%2+)F)0S.&'&$)&")2"D'&+)&")-%$)0.$&".$)6$.C"8)"/)0+.)"##+8),-")"#)1+%+1'<'"%2+)

&") #+/) 1$<L'+/) "/2$1'+%$#"/) "%) #$) 1-.6$) &") 1."1'<'"%2+8) 0".<'2") &"2".<'%$.) #$)

K."1-"%1'$) &") &"K+#'$1'M%) $) #$) ,-") &"L"%) /".) 1+/"1R$&+/) #$/) "/0"1'"/) K+..$D".$/) &")

'%2".S/8)F)$/C8)+L2"%".)$#2+/)."%&'<'"%2+/)F)K+..$D"/)&")L-"%$)1$#'&$&)H!$.$T+P$)et al., 

9>>QJ())

*%) -%) "/2-&'+) HU"#$/1+)et al., 9>>=J) /") +L/".6M) ,-") #$) ."#$1'M%) R+D$V) 2$##+) "%) 0$/2+)

+6'##+) H6$.'"&$&)B+2+<$1J)"/)<$F+.)"%)6".$%+)F)<W/)L$D$)"%)0.'<$6".$8)0."/"%2$%&+)

&'K"."%1'$/)"%)+2+N+X)"%)#+/)1+<0+%"%2"/)R+D$/8)2$##+/)F)<$2".'$#)<-".2+)"%)#+/)1+.2")&")

R+<+T"%'P$1'M%)+1-..'".+%)0.+0+.1'+%"/)&")Y@8)=Q)F)=Y)Z)"%)6".$%+X)5>8)3@)F)9@)Z)"%)

+2+N+X)548)9>)F)39)Z)"%)'%6'".%+X)F)3>8)9@)F)5@)Z)"%)0.'<$6".$()*%)-%$)0.$&".$)$#K$#K$[

+6'##+8) /") "%1+%2.M) ,-")"#)<$F+.) ."%&'<'"%2+) &") K+..$D") /") +L2-6+) 1-$%&+) #$) ."#$1'M%)

R+D$V) 2$##+) K-") 9(48) 5(98) 3(=) F) @(=) "%) 6".$%+8) +2+N+8) 0.'<$6".$) ") '%6'".%+8) 1+%)<$F+.)

0+.1"%2$D") &") R+D$/) F) <$2".'$#) <-".2+) "%) #$/) 0.'<".$/) F) \#2'<$/) /"<$%$/) &")

1."1'<'"%2+)H!$.$T+P$)et al., 9>>QJ()*%)L$##'1+)0"."%%"8)"#)$0+.2")&")#+/)1+<0+%"%2"/)

R+D$/8)2$##+/)F)"/0'T$/)$)#$)L'+<$/$)K-")<$F+.)&-.$%2")"#)6".$%+)F)+2+N+8)1+%)."/0"12+)

$#)+L/".6$&+)"%)'%6'".%+)F)0.'<$6".$8)<'"%2.$/),-")#$)0.+0+.1'M%)&")R+D$/)&'/<'%-FM)$#)

$-<"%2$.) "#) '%2".6$#+) "%2.") 1+.2"/8) 1+%) "]1"01'M%) &"#) '%6'".%+X) "#) %\<".+) &") 2$##+/)

$-<"%2M)\%'1$<"%2")"%)0.'<$6".$)HU"#$/1+)et al., 9>>@J()

*#)+LD"2'6+)&"#)0."/"%2")"/2-&'+)K-")"6$#-$.)#$)6$.'$1'M%)$)2.$6S/)&")#$/)"/2$1'+%"/)&"#)

$N+)"%)#+/)1+<0+%"%2"/)<+.K+#MT'1+/)&")==)T"%+2'0+/)1+.."/0+%&'"%2"/)$)#$/)"/0"1'"/)

&") L. perenne, L. multiflorum, L. hybridum y D. glomerata8) 1+%) "#) 0.+0M/'2+) ) &")

"/2$L#"1".) 2S1%'1$/) &") "6$#-$1'M%) F) /"#"11'M%) &") T"%+2'0+/) $) 0$.2'.) &") 1$.$12"."/)

<+.K+#MT'1+/)$/'/2'&+/)1+%)<$.1$&+."/)<+#"1-#$."/)"%)&'1R$/)"/0"1'"/)K+..$D".$/()
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G,*,.,$ 1A'(74)8$ 0D. glomerata2$ 3$ O*834$ D',*()$ 0L. multiflorum2$ 8&*$ 4&8$ .)$ >,3&'$
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-$%7%"'K)%*)&/5($)-($#%"'/1%),%) '/**(7)F="%N()O3)P0/,$()@I) *()E0%)-(,$./)/'$!40!$7%)/)
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1.%.# &"#%C6# 6.,)&6!"2&'(&+#%2&'()!6# 0$&#O!"212!# 5# P)!-.# @IJJKB# &'1.'()!).'# 0$&# "!#

)&"!123'#7.;!D#(!"".#*!)!#"!#&6*&12&#L. perenne# :$&#4!)2!,"&#&'()&##/&'.(2*.6#5#!#()!4L6#

-&# 1.)(&6+# ".# 0$&# *$&-&# !()2,$2)6&# !"# 'Q%&).# -&# /&'.(2*.6# # $(2"28!-.6# @RSB9# E$6()!"2!#
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*)&6&'(&#&6($-2.#-.'-&# "!#%!5.)# )&"!123'#6&#.,6&)43#&'#.(.W.# @E'&F.#G+#>$!-).#AB9#

X!)!/.8!# et al. @IJJYB# 2'-21!'# 0$&# "!# )&"!123'# 7.;!D# (!"".# &'# D. glomerata 4!)<!#

&6(!12.'!"#5#6&%!'!"%&'(&+#62&'-.#%!5.)#&'#"!6#*)2%&)!6#-.6#6&%!'!6#-&#1)&12%2&'(.#

&'#4&)!'.#5#.(.W.9#Z6(!6#-2:&)&'12!6#*$&-&'#-&,&)6&#!"#%!'&;.#-&# "!#-&:."2!123'+#5!#

0$&#"!#)&"!123'#7.;!D#(!"".#*$&-&#!$%&'(!)#.#-26%2'$2)+#-&#!1$&)-.#1.'#"!#2'(&'62-!-#-&#

1.6&17!#-&#$'#1.)(&#!#.().#@V&"!61.#et al., IJJRB9##
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"#$!%&'(!'&)(!*(*+,!-&!,+!.,+/*+!0%1%23!.&'(!'&)(!-&!*+,,(!0%1423!.&'(!'&)(!-&!5(6+!.(7!

.,+/*+!0%18%2!9!*+,,(!0%18%2#!

:&! ;+/&7+! <&/&7+,! .+7+! &,! .&'(! '&)(! *(*+,3! 9! .(7! )(;.(/&/*&! -&! 5(6+! 9! *+,,(3! '&!

(='&7>?! @/+! 7&,+)A?/! /&<+*A>+! &/*7&! &,! .&'(! -&! &'*('! -&')7A.*(7&'! )(/! ,('! )(7*&'!

'@)&'A>('!0BA<@7+!C2#!D,!)(;.+7+7!&,!.&'(!-&!)+-+!)(;.(/&/*&!&/!,+'!+))&'A(/&'3!'&!

(='&7>+!E@&!,+'!.&7*&/&)A&/*&'!+!,+!&'.&)A&!L. multiflorum .7&'&/*+7(/!,('!.&'('!'&)('!

*(*+,!9!.(7!)(;.(/&/*&!;F'!+,*('3!.7A/)A.+,;&/*&!&/!(*(G(!&!A/>A&7/(!!0D/&H(!"3!I@+-7(!

C23!,(!E@&!.(/&!-&!;+/AJA&'*(!E@&!&/!,+!7&<A?/!-&!I5+.A/<(3!L. multiflorum &'!,+!&'.&)A&!

E@&!;&6(7!'&!+-+.*+!+!,+'!=+6+'!*&;.&7+*@7+'!0K7*AL3!MNNO2#!

P+! +))&'A?/! '(=7&'+,A&/*&! J@&! D/'9,! B7+/)&! 0$/2! .+7+! .&'(! '&)(! *(*+,! 9! -&! 5(6+! .(7!

.,+/*+Q!9!.+7+!&,!)+'(!-&!.&'(!'&)(!*(*+,!.(7!.,+/*+!J@&!D@'*7+,A+!RA;;&7+!SM#!%(7!&,!

)(/*7+7A(3!,+!+))&'A?/!)(/!;&/(7!.&'(!*(*+,!9!.(7!)(;.(/&/*&!J@&!T+/5+**+/!UU!0M/23!,(!

E@&! )(A/)A-&! )(/! ,(! 7&.(7*+-(! .(7! T+,-(/+-(! 0MNNO2! -@7+/*&! ,+! V.()+! -&! (*(G(! &!

A/>A&7/(#!!
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(#3(+&(#$.$1(*,-&3,#$-(-)"34,&%(#$3/(%(*$"4+"*5")$6".,)(#$)(*%&6&(*-,#0$+,63")"%"#$

+,*$ 4"#$ %&34,&%(#0$ (#$ (4$ "67&(*-($ (4$ 2/($ &*'4/.($ (*$ 4"$ (83)(#&9*$ %($ 4,#$ +")"+-()(#$

1(*:-&+,#0$ 3,)2/($ #&$ 4"#$ +,*%&+&,*(#$ "67&(*-"4(#$ ;3)(+&3&-"+&9*$ .$ -(63()"-/)"0$ (*-)($

,-)"#<$.$%&#3,*&7&4&%"%$%($*/-)&(*-(#$(*$(4$#/(4,$#,*$%(#'"=,)"74(#0$(4$3,-(*+&"4$1(*:-&+,$

*,$#($(83)(#"$(*$#/$-,-"4&%"%>$

!

"#$%&'!()!*+,-!,+.-!/-/'0!1+!0'!20'3/'!4*5*6!

!"!

!



!

!"#$%&'()'*+,-',+.-'/+'0&11-'2*345'
'

! !

!"#$%&'6)'*+,-',+.-'/+'1&'7-8&'9-%'91&:0&'2*3;*5'

!"!

!



!

!"#$%&'()'*+,-',+.-'/+'0&11-'2-%'21&30&'

!

"#$!%&'(!'&)(!*&!+,-&./,0!+1&.-(!2(.!20,3-,!4%566%7!

80!2&'(!'&)(!*&!+,-&./,0!+1&.-(!2(.!20,3-,!9,./:!)(3!.&'2&)-(!,!0,!&'-,)/:3!*&0!,;(!<!,0!

3=+&.(!*&!)(.-&>!.&2.&'&3-,*(!)(3!13,!-&3*&3)/,!)1,*.?-/),!4@/A1.,!B7#!83!()-1C.&!'&!

,0),3D:!&0!+,<(.!2&'(!'&)(!*&!+,-&./,0!+1&.-(>!'/&3*(!&'-&!&0!2./+&.!+&'!*&!)(.-&>!2(.!

0(! E1&! ()1../:! 13,! A.,3! ,)1+10,)/:3! *&! C/(+,',! E1&! .&2&.)1-&! &3! &0! ,1+&3-(! *&!

+,-&./,0!+1&.-(#!83!0('!=0-/+('!+&'&'!*&!)(.-&!4*&!F10/(!,!'&2-/&+C.&7!&0!2&'(!'&)(!*&!

+,-&./,0!+1&.-(!,1+&3-,!31&9,+&3-&>!0(!E1&!21&*&!&'-,.!.&0,)/(3,*(!)(3!&0!G&)G(!*&!

E1&!0,!&*,*!*&!0,!20,3-,!,9,3D,!<!'&!/3/)/,!0,!'&3&')&3)/,#!D. glomerata!H5I!%(-(+,)!

J1&! &0! A&3(-/2(! )(3! &0!+&F(.! 2&'(! '&)(! *&!+,-&./,0!+1&.-(! 4I3&K(! ">! L1,*.(! B7#! I0!

)(+2,.,.! 0,'! &'2&)/&'! '&! (C'&.9:! E1&! 0('! 2&'('! +?'! ,0-('! 0('! 2.&'&3-,.(3! 0('!

A&3(-/2('!2&.-&3&)/&3-&'!,!D. glomerata 4I3&K(!">!L1,*.(!B7>!0(!E1&!21&*&!,-./C1/.'&!,!

13,!+,<(.!'1')&2-/C/0/*,*!,!0,!/3J&'-,)/:3!2(.!.(<,#!80!2&'(!'&)(!*&!+,-&./,0!+1&.-(!&3!

&'-('! A&3(-/2('>! '&! /3).&+&3-:! *.?'-/),+&3-&! *&0! )(.-&! M! ,0! N! 4@/A1.,! B7O! ,0! 2,.&)&.!

&K/'-&!13,!.&0,)/:3!*/.&)-,+&3-&!2.(2(.)/(3,0!&3-.&!0,!+,*1.&D!*&!0,!20,3-,!*1.,3-&!0,!

P2(),! *&! 0019/,'! )1,3*(! -,+C/P3! &K/'-&! 13,! +,<(.! 2.&'&3)/,! *&! .(<,! J(0/,.>! )(3!

.&'2&)-(!,0!,1+&3-(!&3!,0!2&'(!*&0!+,-&./,0!+1&.-(!4Q&0,')(>!RSST7#!

!!!

!



!

"#$%&'!()!*+,-!,+.-!/+!0'1+&#'2!0%+&1-!3-&!32'41'!5*677*8!

!

"#$!%&'()*!+,!&*!-&*.'*!/%&'0!1!.23,)4!+,!'*&&45!-4)!-&*.'*!

6,!-(+4!,.74.')*)!8(,!*!-*)'9)!+,&!-)93,)!74)',!47())9:!(.*!),+(779:.!,.!&*!*&'()*!+,!&*!

-&*.'*;!&4!7(*&!-(,+,!,5'*)!*5479*+4!*&!+,57,.54!,.!&*!',3-,)*'()*;!&4!8(,!-)4<47*!8(,!

&*5! -&*.'*5! +,',.=*.! 5(! 7),7939,.'4;! -)9.79-*&3,.',! +,! 47'(>),! *! +979,3>),;! -,)?4+4!

8(,!74)),5-4.+,!*!&45!'),5!-)93,)45!74)',5#!%!-*)'9)!+,!,.,)4!1!@*5'*!A(&94;!&*!*&'()*!+,!

&*5!-&*.'*5!5,!,5'*>9&9B:;!&4!7(*&!-(,+,!,5'*)!),&*794.*+4!*!8(,!+()*.',!,5,!-,)94+4!&*5!

74.+9794.,5!*3>9,.'*&,5!/',3-,)*'()*;!-),79-9'*79:.;!@4)*5!&(B;!,'7#0!C(,)4.!C*<4)*>&,5#!

D.!A(&94!&*!*&'()*!+,!&*5!-&*.'*5!.(,<*3,.',!+9539.(1,!1!L. multiflorum!%.51&!E)*.7,!C(,!

,&!=,.4'9-4!8(,!-),5,.':!&*!3*14)!*&'()*!/%.,F4!";!G(*+)4!HI0#!!

D.!&4!8(,!),5-,7'*!*&!.23,)4!+,!'*&&45;!5,!,.74.'):!8(,!74.C4)3,!*(3,.':!,&!.23,)4!

+,!74)',5;!&45!'*&&45!*(3,.'*)4.!=)*+(*&3,.',#!J,!47'(>),!*!*>)9&;!74)',5!(.4!*!79.74;!

,&!*(3,.'4!+,!'*&&45!C(,!,F-4.,.79*&;!*(.8(,!*!-*)'9)!+,!A(&94!5,!4>5,)<:!(.*!),+(779:.!

+)K5'97*! ,.! ,&! .23,)4! +,! '*&&45;! &4! 8(,! -(,+,! *')9>(9)5,! *! &*! ,+*+! +,! &*! -&*.'*;! *!

7*)*7',)?5'97*5! -)4-9*5! +,&! =,.4'9-4! 1! *&! *3>9,.',#! D&! 3*14)! .23,)4! +,! '*&&45! &4!

-),5,.':!&*!*77,59:.!L. perenne!L6%!M*.@*''*.!/N.0!/%.,F4!";!G(*+)4!HH0;!5939&*)!*!&4!

,.74.')*+4!-4)!M*&+4.*+4!/NIIO0!1!P)'9B!/NIIO0#!D&!9.7),3,.'4!,.!,&!.23,)4!+,!'*&&45!

!"!

!



!"#$#% #&'()% )#*(+,-.($-% +-.% *(&% +()(+'#)/&',+(&% 0#.1',+(&% $#% +($(% #&!#+,#2% !"#&% *(%

$,3#)#.+,(+,4.%$#%*(&%5#6(&%3-)6($-)(&%$#%'(**-&%#&'7%+-.$,+,-.($(%!),.+,!(*6#.'#%!-)%

$,+8-&% +()(+'#)#&2% #*% (69,#.'#% '(69,1.% 3-)6(% !()'#% ,6!-)'(.'#% #.% *(% 3-)6(+,4.% $#%

'(**-&2%5(%:"#%&,%&#%(*+(.;(.%+-.$,+,-.#&%4!',6(&%#.%'#6!#)('")(2%,.'#.&,$($%*"6,.-&(%

5%!)#+,!,'(+,4.<%#*%!)-+#&-%$#% 3-'-&/.'#&,&%&#%="#*=#%67&%#3,+,#.'#2%("6#.'(.$-%#.% *(%

!*(.'(%*(%!-&,9,*,$($%$#%(&,6,*()%+()9-8,$)('-&2%!()(%#*%6(.'#.,6,#.'-%5%)#&#)=(>%%

?-&%0#.-',!-&%@#'8#)*(.$%A()#.;(%5%BCD%E(.8(''(.2%(69-&%$,!*-,$#&%5%!#)'#.#+,#.'#&%

(%L. perenne<%!)#&#.'()-.%".%6(5-)%.F6#)-%$#%'(**-&%+-.%)#&!#+'-%(%G(.($(%B),%HI.J%

:"#%#&% '#')(!*-,$#% HD.#K-%L2%G"($)-%MMJ>%N,+8-% )#&"*'($-%+-,.+,$#%+-.%#*%!)#&#.'($-%

!-)%O*&-.%HPQQRJ2%:",#.%6#.+,-.(%:"#% *-&%0#.-',!-&%$,!*-,$#&% ',#.#.%6(5-)%$#.&,$($%

$#%'(**-&2%+-6!()($-%+-.%*-&%'#')(!*-,$#&>%%%

!
"#$%&'!()*!+,-%&'!./!,'0!1,'2-'0!3+,-4!

!"!

!



!
!"#$%&'(()'*+,-%.'/-'0&11.2'3*4&5'

!

"#$!%&'()*)('+,-.&!/(0!+&10-2-2!/(!3+)-+&4+!

5&!(0!+&10-2-2!(2'+/62'-,7!0+2!3+)-+80(2!+0'9)+:!&;<()7!/(!'+0072:!*(27!=)(2,7!*7)!*0+&'+:!

*(27!2(,7!*7)!*0+&'+:!*(27!2(,7!/(!'+007!*7)!*0+&'+:!)(0+,-.&!>7?+@!'+007:!*(27!2(,7!/(!0+!

>7?+! *7)! *0+&'+:! *(27! 2(,7! /(! '+007! *7)! *0+&'+! A! (0! *7),(&'+?(! /(! >7?+B! <72')+)7&!

/-=()(&,-+2!2-C&-=-,+'-3+2!DEFG#GHI!(&')(!(2*(,-(2:!(&')(!,7)'(2:!(&')(!C(&7'-*72!A!(&!0+!

-&'()+,,-.&!,7)'(!*7)!C(&7'-*7#!

50! *(27! 2(,7! /(! <+'()-+0! <9()'7! *)(2(&'.! /-=()(&,-+2! 2-C&-=-,+'-3+2! DEFG#GHI! (&')(!

,7)'(2! A! (&')(! 0+! -&'()+,,-.&! ,7)'(! *7)! C(&7'-*7#! J+! 3+)-+,-.&! (&! (0! *(27! 2(,7! /(!

<+'()-+0!<9()'7!'+<8-K&!*9(/(!(2'+)!+27,-+/+!+!=+,'7)(2!+<8-(&'+0(2!L9(!-&=09A(&!/(!

=7)<+!/-)(,'+!(&!0+!278)(3-3(&,-+!/(!0+!*0+&'+!A!L9(!/('()<-&+&!29!*()2-2'(&,-+#!!

E+)+!(0!*7),(&'+?(!/(!'+007!>987!/-=()(&,-+2!2-C&-=-,+'-3+2!DEFG#GHI!(&')(!(2*(,-(:!(&')(!

,7)'(2:! (&')(! C(&7'-*72:! (&')(! 0+! -&'()+,,-.&! ,7)'(! *7)! (2*(,-(! (! -&'()+,,-.&! ,7)'(! *7)!

C(&7'-*7#!

E7)! ;0'-<7:! (M-2'-()7&! /-=()(&,-+2! 2-C&-=-,+'-3+2! DEFG#GHI! (&')(! ,7)'(2! A! (&')(! 0+!

-&'()+,,-.&!,7)'(!*7)!C(&7'-*7!*+)+!0+!3+)-+80(!*7),(&'+?(!/(!<+'()-+0!<9()'7#!E+)+!(2'+!

!"!

!



!"#$"%&'( &")(*$+'#',-$")(',-.,/#"*")(01'*',(#'&"-$.,"#)'("( &"( $,+')/"-$2,(0.#( #.3"4(3"(

51'()'(0#')',/2(',(6')')(',(51'(&")(-.,*$-$.,')("6%$',/"&')(+1'#.,(+"!.#"%&')(0"#"(

&"(',+'#6'*"*4(-.,(*$!'#)"( $,/',)$*"*(',( &"( $,+')/"-$2,(3(*"7.( +.&$"#(*'("-1'#*.("( &"(

"--')$2,8((

(

!

"#!$%&'()*+%&,*!!

9&(-.60.#/"6$',/.(51'(6.)/#"#.,(&.)(:',./$0.)(',(&"(0#.0.#-$2,(*'(-"*"(-.60.,',/'((

*1#",/'( &.)(;;(-.#/')4(')/1!.( $,+&1',-$"*.(0.#( ('&(,<6'#.(3( +'-="(*'(-.#/'4("1,"*.("&(

'+'-/.("6%$',/"&8(

9&( :',./$0.(>,)3&( ?#",-'( @A,B( *'( &"( ')0'-$'(L. multiflorum4( +1'( '&(6C)( ).%#')"&$',/'(

0"#"("&/1#"4( 0').( +#')-.(0.#( 0&",/"4( 0').( )'-.(0.#( 0&",/"4( 0').( )'-.(*'( /"&&.( 3( 0').(

)'-.(*'(=.D"(0.#(0&",/"8(L. perenne(EF>(G",="//",(HH(@I,B(0#')',/2('&(6"3.#(,<6'#.(

*'(/"&&.)(3(J","*"(E#$(@A,B(*'(&"(6$)6"(')0'-$'(',(0.#-',/"D'(*'(=.D"(3(#'&"-$2,(=.D"K(

/"&&.8(9)/.)(:',./$0.)(01'*',()'#(-.,)$*'#"*.)(-.6.("&/'#,"/$!"( +.##"D'#"4(,.()2&.(*'(

$,!$'#,.4()$,.("(&.(&"#:.(*'&("7.4(&.(-1"&(')(*'()16"($60.#/",-$"4(01')("&(1/$&$L"#&.)()'(

0.*#M"(:"#",/$L"#(&"(*$)0.,$%$&$*"*(*'(+.##"D'(*1#",/'(/.*.('&("7.8(

9&(0.#-',/"D'(*'(/"&&.(3(0').()'-.(*'(/"&&.(0.#(0&",/"(6C)().%#')"&$',/'(&.(0#')',/2('&(

:',./$0.(>1)/#"&$"(N$66'#"(OI(*'( &"(')0'-$'(L. hybridumP("1,51'()1(0'#)$)/',-$"()'(

#'*1D.(',(&.)(<&/$6.)(-.#/')8(

!"!

!



!"!

!

!"# $%&'()*'# +,-# .'('/01# 1'22%3*'&4)%&(%# 0# "0# %3*%1)%# D. glomerata5# 67%# %"# 87%##

3'92%30"):#%&#*'21%&(0;%#4%#/0(%2)0"#/7%2('#<#*%3'#3%1'#4%#/0(%2)0"#/7%2('#*'2#*"0&(05#

"'# 87%# 3%# 03'1)0# 0# "0# 3731%*()9)")404# 87%# *2%3%&(0# 0# "0# 2'<05# 0$74)=>&4'3%# "0#

%&6%2/%404#0#*02()2#4%"#/%3#4%# ;7&)'?@'&#903%#%&# "'#0&(%2)'25#3%#37$)%2%#2%0")=02#7&0#

%A0"701):&# /7"()"'10")404# *020# 4%(%2/)&02# "0# %3(09)")404# 4%"# 1'/*'2(0/)%&('#

/'26'":$)1'#<#2%&4)/)%&('#4%#"03#011%3)'&%3#4%312)(03#%&#%3(%#%3(74)'?#

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!"!

!

!"#$%&'()*(+,-,.#/-&0,.&12(3'4/.$4,-(%/ Lolium perenne, Lolium multiflorum, 

Lolium  hybridum y Dactylis glomerata.!

(

5*(62#-'%$..&12(

"#! $%&'()%$#$! *'+,-%.#! ')! /+0! $'! 10)! 2(%+.%2#1')! 3#.-0(')! '+! 1#! $'-'(4%+#.%5+! $'1!

('+$%4%'+-0! 6! $'! 1#! )/).'2-%7%1%$#$! $'! 1#)! ')2'.%')! ./1-%&#$#)! #! 2(')%0+')! 7%5-%.#)! 6!

#7%5-%.#)! 89('++#+!6!:0;<!=>>?@!.%-#$0)!20(!A14#+B#<!CDDDEF!G;%)-'!20.#! %+30(4#.%5+!

)07('!1#!')-(/.-/(#!*'+,-%.#!$'!10)!2#)-0)!6!$'1!*(#$0!'+!'1!./#1!10)!3#.-0(')!7%5-%.0)!6!

#7%5-%.0)!#3'.-#+!1#!2(')%5+!$'!)'1'..%5+!$'!10)!4%)40)@!20(!-#+-0<!.0+0.'(!1#!('1#.%5+!

';%)-'+-'! '+-('! ,)-0)! ')! +'.')#(%0! 2#(#! $')#((011#(! ')-(#-'*%#)! $'! )'1'..%5+! '3%.#.')!

H/'!2'(4%-#+!';210-#(! 10)! ('./()0)!*'+,-%.0)!$'! 1#)!21#+-#)!'+!7'+'3%.%0!$'1!I047('F!

J#(#! ')-'! 2(025)%-0<! 10)! 4#(.#$0(')! 401'./1#(')! )0+! /+#! I'((#4%'+-#! '3%.#B! 2#(#!

';#4%+#(! 1#! $%&'()%$#$! *'+,-%.#! $'7%$0! #! )/! #7/+$#+.%#! 6! 1#! 20.#! #3'.-#.%5+! H/'!

2(')'+-#+!20(!1#!%+-'(#..%5+!*'+0-%20!20(!#47%'+-'!8K%#+6#+*<!CDDLEF!

"0)! 4#(.#$0(')! 401'./1#(')! H/'! )'! I#+! /-%1%B#$0! '+! '1! ')-/$%0! $'! 1#! ')-(/.-/(#!

2071#.%0+#1<! '+! 1#! $'-'..%5+! $'! 1#! &#(%#7%1%$#$! *'+,-%.#! %+-(#! '! %+-'(2071#.%0+#1<! $'!

3#.-0(')! #47%'+-#1')! )07('! 1#! $%3'('+.%#.%5+! $'! 2071#.%0+')<! '+! 1#! $%3'('+.%#.%5+! $'!

')2'.%')! 6! *'+0-%20)<! '+! 1#! .0+)-(/..%5+! $'! 4#2#)! *'+,-%.0)<! '+! 1#! '&#1/#.%5+!

)04#.10+#1!'+!21#+-#)!('*'+'(#$#)!$'!./1-%&0!$'!-'M%$0)<!'+!'1!)'*/%4%'+-0!$'!(#)*0)!

#*(0+54%.0)! $'! %+-'(,)! 88)'1'..%5+! #)%)-%$#! 20(! 4#(.#$0(')! 401'./1#(')! 8NAOOEE! 6!

#+P1%)%)! $'! 2#-(0+')! I'('$%-#(%0)! '+! *(#4Q+'#)! 30((#M'(#)! )0+R! %)0'+B%4#)<! S:"J)<!

A:"J)<!SAJT)<!NNS)!6!NUJ!8A*/#$0VN#+-#.(/B!et al., CDDWEF!

G1!20(.'+-#M'!$'!%+&')-%*#.%0+')!7%0-'.+015*%.#)!'+!21#+-#)!30((#M'(#)!.0((')20+$'!#!XY!

Z!'+!*(#4Q+'#)! 8[D!Z!'+!Lolium! 6!WD!Z!'+!0-(0)!*,+'(0)E!6!CX!Z!'+! 1'*/4%+0)#)!

8Trifolium WLFL!Z<!Medicago YYFY!Z!6!Lotus C=FC!ZE!8\+/$)'+<!CDDDEF!

G+!7#11%.0!2'('++'!)'!I#+!/-%1%B#$0!4#(.#$0(')!401'./1#(')!8S:"J)<!SAJT)<!A:"J)<!

NNS)<!'+-('!0-(0)E!'+!1#!%$'+-%3%.#.%5+!#)%)-%$#!6!'+!1#!./#+-%3%.#.%5+!$'!1#!)%4%1%-/$!'+-('!

./1-%&#(')F! "0)! NNS)! 8N'./'+.%#)! N%421')! S'2'-%$#)E! I#+! (')/1-#$0! )'(! 10)! 4P)!

.0+&'+%'+-')! '+! 1#! $'-'(4%+#.%5+! $'! 1#! $%&'()%$#$! *'+,-%.#! 6! '+! 1#! %$'+-%3%.#.%5+! $'!

./1-%&#(')@!$'7%$0!#! 1#)!&'+-#M#)!H/'!2(')'+-#+!8K%#+6#+*<!CDDLE<!2/')!)0+!#1-#4'+-'!



!"!

!

!"#$%&'($)"*+, -./01-023*, 30, 3#, 430"%-+, 5, (6)$#3*, 13, /*-', 78"#1*23$0, -01, 9):#"23'3'+,

;<<<=>,

?0, 4'-%@03-*+, #"*, 99A*, :-0, *$1", /2$#$B-1"*, 30, 3*2/1$"*, !-'-, 1323'%$0-', 3#,

!"#$%"'($*%", 5, #-, '3!32$.$#$1-1, 302'3, 3*!3)$3*+, !-'-, #-, )"0*2'/))$&0, 13, %-!-*, 13,

#$4-%$302", 430C2$)"+, )-'-)23'$B-)$&0, 5, 1$D3'*$1-1, 430C2$)-, 30, 1$(3'3023*, 3*!3)$3*,

7E"'0$13,et al., FGGF=+,!'$0)$!-#%3023,30,3#,4C03'",Lolium y Festuca. H-'-,1323'%$0-',#-,

1$D3'*$1-1, 430C2$)-, I/3, 3J$*23, 302'3, !".#-)$"03*, 13, 4'-%@03-*, ("''-K3'-*, 13, B"0-,

23%!#-1-,5,!'"!"03',/0,3*I/3%-,13,*3#3))$&0,I/3,!3'%$2-, $0(3'$',30,3#,%3K"'-%$302",

430C2$)",13,C*2-*+,3#,".K32$D",13#,!'3*3023,3*2/1$",(/3,/2$#$B-',%-')-1"'3*,%"#3)/#-'3*,

99A, !-'-, )-'-)23'$B-', !".#-)$"03*, 13, L. perenne, L. multiflorum, L. hybridum y D. 

glomerata.,

 

!"#$%&'()%*'+#,#-.&/0/+ 

F>;,L-23'$-#,3J!3'$%302-#,

93,/2$#$B-'"0,;;,-))3*$"03*,)"''3*!"01$3023*,-,L. perenne, L. multiflorum, L. hybridum 

y D. glomerata, 3*2-.#3)$1"*,3#,;M,13,K/#$",13,FGGN,30,3#,E-%!",O4'@)"#-,?J!3'$%302-#,

PQ-.#-,9-0,R/-0S,#"23,RT;;U,13,#-,V0$D3'*$1-1,O/2&0"%-,E:-!$04"+,)"%",*3,13*)'$.3,

30,3#,)/-1'",U>,

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
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!

!"#$%&' ()' *+,-%./-.01' $+' #--+,.&1+,' +2/3+#$#,' $+' Lolium multiflorum4' L. 
perenne4'L. hybridum'5'D. glomerata)'

!"#$%&' ()*$+,$' -$.&/,*&' 0++$),1.'

2' Lolium multiflorum 0.)34'5%6.+$'78.9' :2;8:<'

=' Lolium multiflorum !$>'?$646.@'7=.9' 2<;A;B'

A' Lolium multiflorum C%DED63'7=.9' =22<=<'

8' Lolium perenne !$/F$%46.@'G6%$.H6'7=.9' =AI2<8'

J' Lolium perenne CK0'L6.F6//6.'MM'7=.9' :BB<I<'

:' Lolium perenne N6.6@6'C%,'78.9' 8BA;BA'

I' Dactylis glomerata N6.6@6'OP%+D4$)'78.9' =I;<B<'

<' Dactylis glomerata CK0'Q&/&#6+'78.9' JI<JJA'

;' Dactylis glomerata CK0'!6*,$%'78.9' JI<::J'

2B' Lolium hybridum  0D)/%64,6'R,##$%6':='78.9' 8I:<2I'

22' Lolium hybridum 5%6.+$'M/6SD$'78.9' J;;;;:''

T&@&)' 46)'6++$),&.$)')$'$)/6U4$+,$%&.'$.'D.'VGN0'+&.'+D6/%&' %$*$/,+,&.$)W'$X+$*/&'
*6%6'46'6++$),1.'22'+&.'@&)'%$*$/,+,&.$)Y'
'
Z6)'6++$),&.$)')$'$)/6U4$+,$%&.'D/,4,H6.@&'D.'@,)$[&'+&#*4$/6#$./$'64$6/&%,H6@&'+&.'

+D6/%&' %$*$/,+,&.$)' 7$X+$*+,1.' @$' L. hybridum' 5%6.+$' M/6SD$W' +&.' @&)' %$*$/,+,&.$)9W'

+&.),@$%6.@&'*6%+$46)'@$'=B'*46./6)'*&%')D%+&W'3'D.'/&/64'@$'=8B'*46./6)'*&%'6++$),1.'

$.'$4'$X*$%,#$./&Y''

K$'%$+&4$+/6%&.'$.'/&/64'=A<'#D$)/%6)'@$'/$\,@&']&4,6%W'*%&^$.,$./$)'@$'22;')D%+&)'7^$%'

@$)+%,*+,1.'$.'L6/$%,64$)'3'LP/&@&)W'()/D@,&'29W'+&.),@$%6.@&'@&)'*46./6)'*&%')D%+&'3'

=8',.@,^,@D&)'*&%'6++$),1.Y'

Z6' %$+&4$++,1.' @$' 46)' #D$)/%6)' )$' F,H&' $.' .&^,$#U%$' @$' =BBI' 3' $.$%&' @$' =BB<W'

+&.),@$%6.@&'6SD$446)'*46./6)'+&.' 46)'#$\&%$)'+6%6+/$%_)/,+6)`'+&.'F&\6)' \1^$.$)W'),.'

a%$6)'.$+%1/,+6)'&'4$),&.6@6)W'3'4&)'#D$)/%$&)')$'%$64,H6%&.'*&%'46'#6[6.6Y'Z6)'F&\6)'

%$+&4$+/6@6)')$'+&4&+6%&.'$.')&U%$)'@$'*6*$4'*%$^,6#$./$'*$%]&%6@&)W' 4&)'+D64$)')$'

*D),$%&.' @$./%&' @$' D.6' U&4)6' @$' *4a)/,+&' *6%6' $^,/6%' SD$' )$' FD#$@$+,$%6.Y' Z6)'

#D$)/%6)']D$%&.'/%6.)*&%/6@6)'$.'D.6'F,$4$%6'64'N$./%&'@$'G,&/$+.&4&E_6'0*4,+6@6'@$4'

N$./%&'M./$%.6+,&.64'@$4'L$\&%6#,$./&'@$'L6_H'3'T%,E&''

7NMLLbT9Y'
Y''

'

'



!"!

!

!"!#$%&'())*+,#-.#/012#3.4.))*+,#-.#*,*)*(-5'.3#6#)5,-*)*5,.3#-.#789#

:(3#;<.3&'(3#3.#)5,3.'=('5,#(#>?@#A8#-<'(,&.# 4(#,5)B.#C-.3D<E3#-.#'.)54.)&('F#6#3.#

4*5G*4*H('5,#(#<,(#&.;D.'(&<'(#*,*)*(4#-.#>!@#A8#6#G*,(4#-.#@#A82#<&*4*H(,-5#<,(#4*5G*4*H(-5'(#

I:#C:(J)5,)5KF"#:(#;54*.,-(#-.#4(3#;<.3&'(3#4*5G*4*H(-(3#3.#B*H5#.,#.4#:(J5'(&5'*5#-.#

L.,E&*)(#M54.)<4('#-.4#0.D('&(;.,&5#-.#N55&.),*(2#)5,#<,#;54*,5#M*44.'#L'*,-.'K#)5,#

;(44(#-.#O;;2#6#3.#<&*4*H+#(*'.#(#D'.3*+,#)5,#<,(#)5;D'.35'(#D('(#4*;D*('#453#'.3*-<53#

-.#;(&.'*(4#.,&'.#<,(#;<.3&'(#6# 4(#3*P<*.,&."#$4# &.Q*-5#;54*-5#3.#(4;().,+#.,#G'(3)53#

-.#D4R3&*)5#(#>!@#A8"#

$4#/01#P.,+;*)5#3.#.%&'(Q5#<3(,-5#.4#;E&5-5#-.#8S/T#;5-*G*)(-5#CU5*3*,P&5,#et al"2#

OVVWF"#X.#)545)+#.,&'.#!@@>#!Y@#;P#-.#;<.3&'(# 4*5G*4*H(-(# G*,(;.,&.#;54*-(#.,# &<J53#

.DD.,-5'G# -.# !#;:2# -*4<*-(# .,# O#;:# -.# 354<)*+,#8S/T# (4# !#Z#;R3# OY#!:# -.# J.&(>

;.')(D&5.&(,54"# X.# (P*&+# 3<(=.;.,&.# -<'(,&.# V@# ;*,# (# IY# A82# -.Q(,-5# .,G'*('# (#

&.;D.'(&<'(#(;J*.,&.#CO?#A8F2#-.3D<E3#3.#(P'.P+#O#;:#-.#)45'5G5';5[5)&(,54#C!W\OF#6#

3.#(P*&+#D5'#*,=.'3*+,#-<'(,&.#O@#;*,"#:<.P5#3.#).,&'*G<P('5,#453#&<J53#)5,#4(#;<.3&'(#

D5'#O@#;*,#(#]Y@@#'.=54<)*5,.3#D5'#;*,<&52#3.#&5;+#.4#35J'.,(-(,&.#6#3.#)545)+#.,#<,#

&<J5#4*;D*5"#/4#&<J5#3.#4.#(P'.P+#O#;:#-.#G.,54[)45'5G5';5#CO\OF#6#3.#(P*&+#D5'#*,=.'3*+,#

D5'#O@#;*,"#X.#).,&'*G<P('5,#D5'#O@#;*,<&53#(#]Y@@#'.=54<)*5,.3#D5'#;*,<&52#3.#&5;+#.4#

35J'.,(-(,&.#6#)545)+#.,#<,#&<J5#4*;D*52#(4#)<(4#3.#4.#(P'.P+#O#;:#-.#^35D'5D(,54#G'_5#

C>!@#A8F2#3.#(P*&+#D5'#*,=.'3*+,2#)5,#D*D.&(#7(3&.<'#3.#&5;+#.4#/01#6#3.#&'(,3G*'*+#(#<,#

&<J5#)5,#]@@#`:#-.#U!a#;R3#O@#`:#91/3(#CO@#;P;:
>OF2#6#3.# *,)<J+#(#]b#A8#D5'#]@#

;*,"#:<.P5#3.#(P'.P+#O#;:#-.#^35D'5D(,54#G'*+#C>!@#A8F2#3.#(P*&+#D5'#*,=.'3*+,2#3.#&5;+#

.4#/01#)5,#D*D.&(#7(3&.<'#6#3.#&'(,3G*'*+#(#<,#&<J5#)5,#O#;:#-.#$SaU#(#bY#Z2#3.#-.Q+#

D5'#Y#;*,2#3.# &'(,3G*'*+#(#<,# &<J5#)5,#O#;:#-.#$SaU#b@#Z#6#3.#-.Q+# '.D53('#Y#;*,"#

c*,(4;.,&.#3.#&'(,3G*'*+# 4(#B.J'(#-.#/01#(#<,#&<J5#)5,#!@@#!:#-.#S$#DU#?#6#3.#-.Q+#

'.3<3D.,-.'#&5-(#4(#,5)B.#(#&.;D.'(&<'(#(;J*.,&.#CO?#A8F2#D('(#(4;().,('4(#(#>!@#A8"#

0.#<,#&5&(4#-.#]b#*,*)*(-5'.3#-.#XX9\#OV#-.#;(_H2#b#-.#Lolium 6#OO#Festuca pratensis2#

3.# 3.4.))*5,('5,#O]# *,*)*(-5'.3#XX92# )5,#J(3.#.,# 3.)<.,)*(3# <&*4*H(-(3# .,# .3&<-*53#

-.4#PE,.'5#Lolium C8<(-'5#bF2#4(#'.D.&*J*4*-(-#.,#7892#,d;.'5#-.#(4.453#(;D4*G*)(-532#

D.35# 5# &(;(e5# .3D.'(-5# -.# 4(3# J(,-(3# CO@@>]@@# DJF2# D54*;5'G*3;5# 6# G()*4*-(-# -.#

4.)&<'(#-.#J(,-(3#(;D4*G*)(-(3"#



!"#$%&' ()' !#%#*+,%-.+/*#.' $,' 0&.' /1/*/#$&%,.' .,0,**/&1#$&.' 2#%#' 0#'
*#%#*+,%/3#*/41'$,0'5#+,%/#0'6,17+/*&',82,%/5,1+#0)'

!
"#$%&!'!()*$&(+*,$!-./01!2&34&5(265(!%&!()*$&(+*,$7!8$#395&:!;!:&+6&$+*(:!#92&$*%(:!
%&! <#$&:! et al. -=>>?0@! 88$#395&:! ;! :&+6&$+*(:! #92&$*%(:! %&!A(5$B&! et al. -=>>C07!
-4908881!4(5&:!%&!9(:&:@!D588881!$#!5&4#52(%#!
!
E(!5&(++*,$!%&!F/G!:&!H*I#!&$!6$(!+(34($(!%&!J)6K#!)(3*$(5!L2&5*)MNG"!OOO!N%P($+&.!

QR!>C>ST7! P#)2(K&!??U7! V>!WI! ;!?T>!N34&5&:7!45#P&$*&$2&!%&!R:2(%#:!X$*%#:@!F(5(!

+(%(! 5&(++*,$! :&! 62*)*I(5#$! ?>>! $Y! %&! N"D! %&! +(%(! 36&:25(7! ?X! %&! M#)%&$! '(Z!

F#)*3&5(:(!+#$!(3#52*Y6(%#5!U[!-F5#3&Y(\07!=>>!!Q!%&!%D'F:7!T3Q!QY/)=!;!=>>!Q!

%&)!*$*+*(%#5!!-]^G07!;!&)!P#)63&$!2#2()!4(5(!+(%(!5&(++*,$!J6&!=U!E@!E(!(34)*J*+(+*,$!:&!

5&()*I,! &$! 6$! 2&53#+*+)(%#5! Q<! G&:&(5+H! F'/_?>>\! F&)2*&5! 'H&53()7! 45#P&$*&$2&! %&!

R:2(%#:!X$*%#:7!&:2(9)&+*&$%#!)(:!+#$%*+*#$&:`!%&:$(265()*I(+*,$!(!aU!./!4#5!?>!3*$7!

C>!+*+)#:!(!aU!./!4#5!U>!:7!U>!:!(!6$(!2&34&5(265(!&$25&!Ub!./!(!VC!./!-)(!2&34&5(265(!

,42*3(!%&!()*$&(+*,$!%&)!4(5!%&!*$*+*(%#5!5&:4&+2*P#07!S=!./!4#5!a>!:!;!&)!4(:#!J*$()!%&!

&[2&$:*,$! ?>!3*$! (! S=! ./! -A(5$B&5!et al@7! =>>C0@! E#:! 45#%6+2#:! (34)*J*+(%#:! J6&5#$!

:&4(5(%#:!3&%*($2&!&)&+25#J#5&:*:!&$!Y&)&:!%&!6$(!J(:&!%&!4#)*(+5*)(3*%(!-(+5*)(3*%(`!

!"!

!



!!!

!

!"#$%&"'$(")$*+,-./*$'*0*12*3$*4'4%5&676&4#"#*#4* &4$'"89*$*.:;*<*)=&$>54*?*@*A*:B*(">*

C5"4(D6* 4>* 4'* E=4* 4'* 7&4>54* )4'* F4'* &4%6&&4* .;* %(* $D&6G"($)$(4>54/* =5"'"8$>)6* =>$*

7=4>54*)4*D6)4&*H6I4&*H$%*J$#"%*J"6K*L$)*A*=>$*%M($&$*)4*4'4%5&676&4#"#*N4&5"%$'*OJP*

P%"4>5"7"%* QR<.:KSS* D$&$* '$* #4D$&$%"9>* )4* 7&$F(4>56#* $(D'"7"%$)6#2* H$&$* '$*

4'4%5&676&4#"#*#4*=5"'"89*4'*$(6&5"F=$)6&*T&"#*R'"%">$*.U2*H$&$*)454%5$&* '$#*!$>)$#V* '6#*

F4'4#* #4* 5"W4&6>* %6>* >"5&$56* )4* D'$5$* )=&$>54* ?* (">V* 7=4&6>* 7656F&$7"$)6#* %6>* =>*

7656)6%=(4>5$)6&* J"6X6%KY5* 4>* '=8* !'$>%$V* A* '6#* 7&$F(4>56#* )454%5$)6#* 4>* '$#*

"(MF4>4#*#4*$>$'"8$&6>*A*%=$>5"7"%$&6>*D6&*4'*D4#6*(6'4%='$&*CD$&4#*)4*!$#4#/*%6>*4'*

#675I$&4* X6%KY5KZ<H2* P4* =5"'"8$&6>* ($&%$)6&4#* )4* .BBV* ;B* A* +;* D!* C[GAF4>/* %6(6*

4#5M>)$&4#*)4*D4#6*(6'4%='$&2*

+2:*\&F$>"8$%"9>*)4*)$56#*A*$>M'"#"#*4#5$)]#5"%6*

^'*5$($W6*)4*'6#*7&$F(4>56#*)4*[X_*6!54>")6#*%6>*'6#*D$&4#*)4*">"%"$)6&4#*PPLV*7=4*

%$'%='$)6* $* D$&5"&* )4* =>$* %=&N$* 4#5M>)$&* F4>4&$)$* )4* '6#* 7&$F(4>56#* )4* 5$($W6*

%6>6%")6* )4* '6#* ($&%$)6&4#* )4* .BBV* ;B* A* +;* D!2* X4#D=`#* )4* )47">"&* '6#* D4#6#*

(6'4%='$&4#* )4* '6#* D$5&6>4#* )4* !$>)$#* F4>4&$)6#* %6>* '6#* )"74&4>54#* ">"%"$)6&4#* #4*

%6>#5&=A9*=>$*($5&"8*4>*'$*E=4*#4*%6)"7"%9*D&4#4>%"$*C./*6*$=#4>%"$*CB/*)4*!$>)$#*)4*

[X_2* ^>* 4#5$* ($5&"8* '6#* 7&$F(4>56#* 6!54>")6#* %6>* '6#* )"74&4>54#* ">"%"$)6&4#* #4*

$F&=D$&6>*)4*($A6&*$*(4>6&*>a(4&6*)4*D$&4#*)4*!$#4#2*^#54*D&6%4)"("4>56*#4*&4$'"89*

D$&$*4#5$!'4%4&*4'*&$>F6*)4*D4#6*(6'4%='$&*)6>)4*'6#*$'4'6#*4#5=N"4&6>*D$&$*$#]*4N"5$&*

$'4'6#* %6>* D4#6#*(=A* $'56#* 6*(=A* !$b6#2* [*D$&5"&* )4* '$* !$#4* )4* )$56#* F4>4&$)$V* #4*

6!5=N6*'$*)"N4&#")$)*F4>`5"%$2*

^'*$>M'"#"#*)4*$F&=D$("4>56* C$>M'"#"#* %'=#54&/* #4*474%5=9*%6>*4'*(`56)6*)4* '"F$("4>56*

D&6(4)"6* ZHRQ[* A* '6#* N$'6&4#* )4* #"("'"5=)* A* )"#5$>%"$* F4>`5"%$* %6>* 4#5"($)6&4#*

F4>`5"%6#* ">#4#F$)6#*)4*_4"* C_4"V*.,c0/d*=#$>)6*4'*#675I$&4*[>M'"#"#*)4*H6!'$%"6>4#*

R4>`5"%$#* CH6DR4>* :+/* <4&#"9>* .2:+2* ^'* ZHRQ[* #4* 4>%$&F$* )4* (4)"&* '$* )"#5$>%"$*

(]>"($*4>5&4*F&=D6#V*E=4*%6>#"#54*4>*6!54>4&*56)$#*'$#*)"#5$>%"$#*4>5&4*'6#*">)"N")=6#*

)4*%$)$*F&=D6V*4#*)4%"&V*4#*4'*D&6(4)"6*)4*56)$#*'$#*)"#5$>%"$#*4>5&4*'6#*">)"N")=6#*)4*

'6#*F&=D6#*CO4&N$>54#V*+BBc/2*36#*4#5"($)6&4#*F4>`5"%6#*">#4#F$)6#*)4*_4"V*4#5"($>*'$*

7&4%=4>%"$*)4*'$*D&4#4>%"$*6*$=#4>%"$*)4*=>*$'4'6*4>*=>$*D6!'$%"9>V*A*#4*6!5"4>4*=>$*



!"!

!

!"#$%&'()'*%!%+%#,('-'(%*%!%+%#,(.'/,)'%0(%1"'+"'(%*#"01%"'2)03#%1"'%0#$"')'%0#)$4-5+"1%-0"+'

()'+-*'%0(%6%(,-*7!

!

"#!$%&'()*+,&!-!+.&/'&.01!

8"$"'-5#)0)$' )+' 09!)$-'()' %0%1%"(-$)*' 1-0' +-*'/,)' *)' #$"5":;.' *)' $)"+%&"$-0'4$,)5"*'

1-0'<='%0%1%"(-$)*'()'!">&.'?'()'Lolium @'<<'()'Festuca. A-*'()'!">&'*)'()*1"$#"$-0'

4,)*')0'*,'!"@-$>"'$)*,+#"$-0'!-0-!;$B%1-*.'C'()'Lolium 0-'"!4+%B%1"$-0'@'1-0'+-*'D'

()' Festuca *)' -5#,6%)$-0' 5"0("*' (%B,*"*7' E0' #-#"+' *)' 4$-5"$-0' CF' %0%1%"(-$)*' @' *)'

,#%+%&"$-0'<C'()')++-*7'

A"'$"&;0'4-$'+"'/,)'*)',*"$-0'+-*'%0%1%"(-$)*'"0#)*'()*1$%#-*.'*)'()5%;'4$%01%4"+!)0#).'

"' /,)' @"' G"5>"0' *%(-' 4$-5"(-*' )0' +-*' 230)$-*'Lolium @'FestucaH' "!5-*' 2$"!>0)"*'

B-$$":)$"*'()'&-0"'#)!4+"("'I1"$"1#)$>*#%1"*'/,)'1-%01%()0'1-0'+"*')*4)1%)*',*"("* )0'

)*#)' )*#,(%-J.' -5#)0%)0(-' $)*,+#"(-*' B"6-$"5+)*H' 4,)*' B,)$-0' 4-+%!;$B%1-*.' *)'

%()0#%B%1"$-0' 1,"#$-'"+)+-*')0' 1,"#$-' %0%1%"(-$)*' @')+' $"02-'()'4"$)*'()'5"*)*')*#,6-'

()0#$-'()'+-')*#"5+)1%(-'I<KKLCKK'45J7''

A"*'1"$"1#)$>*#%1"*'()'+-*'%0%1%"(-$)*')6"+,"(-*'*)'4$)*)0#"0')0')+'M,"($-'F7'

'

'

'

'

'

'

'
'
'
'
'
'



!"!

!

!"#$%&'()'!#%#*+,%-.+/*#.'$,'0&.'/1/*/#$&%,.',2#0"#$&.!

!
"#$%$&'()!

!
*(+$,()-$.,(!

/0,10)&23)&!
(12$,&!'0!
&+$#0&%$4#!
5678!

9&#:(!'0!1;<<<<!
'0!+(.!&+0+(.!
0#%(#2)&'(.!

=>,0)(!'0!
&+0+(.!

<?*@@9ABCDCB! @"! EFGH! CEHICJK! E!

<?*@@9ABCLCB! @"! MEGH! NNICKN! E!

<?*@@9ABCABM! @"! MEGH! CHMICJJ! E!

<?*@@9OBCDCC! @"! MEGH! CJKIKHP! E!

<<=QQ&BBK! @"! PFGB! CMBIKEC! M!

<<=QQ&BBN! @"! MKGB! KBBIKNM! M!

<<=QQ&BKH! @"! MKGB! CNPIKEB! E!

<<=QQ&BKE! @"! MBGB! CNBIKEP! E!

<<=QQ&BKJ! @"! MHGB! CJBIKKB! E!

<<=QQ&BHB! @"! MHGB! CMFIKKP! E!

<<=QQ&BHE! @"! MKGB! CFPIKEP! P!

<<=QQ&BPN! @"! MBGB! CKPIKBP! P!

<<=QQ&BMM! @"! MKGB! KBBIKFP! P!

3&+#0'$,'#0,0&.'/$,1+/4/*#$&.' 56'

<Q30#20R!S(#0.!et al. 5KBBC8T!<<Q30#20R!U&)#V0!et al. 5KBBE8T!<<<!1&)0.!'0!!!!!!!!;&.0.G!
!
?(.! $#$%$&'()0.! 0W&+3&'(.! -30)(#! 1(+$,4)-$%(.X! 0+! 2&,&Y(! '0! +(.! -)&:,0#2(.!

&,1+$-$%&'(.!5;&#'&.8!Z!+&!20,10)&23)&!(12$,&!'0!&,1+$-$%&%$4#X!-30)(#!%0)%&#(.!&!+(.!

)01()2&'(.!1()!S(#0.!et al. (KBBC8!Z!U&)#V0!et al. (KBBE8G''

?(.! %3&2)(! &+0+(.! 0#%(#2)&'(.! 1&)&! +(.! $#$%$&'()0.! ?*@@9ABCDCBX! ?*@@9ABCLCBX!

?*@@9ABCABM! Z! ?*@@9OBCDCCX! %($#%$'0#! %(#! 0+! #>,0)(! '0! &+0+(.! )01()2&'(.! 1()!

S(#0.! et al. (KBBC8X! +(! [30! $#'$%&! [30! 0.2(.! @@9! .(#! )0102$;+0.! Z! 0.2&;+0.! 0#2)0!

0.10%$0.!Z! +&;()&2()$(.! 5U0;0)!Z!\&ZX!CNFN8X! +(!%3&+!130'0!0.2&)!&.(%$&'(!&![30! +&.!

0.10%$0.!32$+$]&'&.!.(#!%0)%&#&.!%(#!+&.!0,1+0&'&.!1()!0.(.!&32()0.G!

L#!+(.!#30W0!$#$%$&'()0.!)0.2&#20.X!0+!#>,0)(!'0!&+0+(.!-+3%234!'0!%3&2)(!&!.0$.G!O$)$:^$!

et al. 5KBBF8! )01()2&#! 3#! #>,0)(! 2(2&+! '0! ;&#'&.! 1()! %&'&! 1&)! '0! $#$%$&'()! @@9!

:0#4,$%(! '0! NGH! 1&)&! Festuca _! Lolium. L+! #>,0)(! '0! ;&#'&.! 0#%(#2)&'&.! 0#! +&!

1)0.0#20! $#W0.2$:&%$4#! -30!,0#()! %(#! )0.10%2(! &! O$)$:^$! et al. 5KBBF8X! +(! [30! 130'0!

0.2&)!)0+&%$(#&'(!&![30!+(.!:`#0)(.!32$+$]&'(.!-30)(#!'$.2$#2(.!Z!1()!0#'0X!+&!#&23)&+0]&!

Z! %3&+$'&'0.! '0! +(.! %)(,(.(,&.! %&,;$&G! L#! 0+! %&.(! '0! Festuca y Lolium, .3.!



!"!

!

!"#$#%#$&%'(")%)*+&*'&,+&'-#$#,#./&'0'&,'-12"13&",#%'%)'#2+1)*)'4*'3)%!)*31)*+)'56"+1,'

7891)":0;#9%;1'et al., <===>?'!#*'!&"&!+)"/%+1!&%'.)*6+1!&%'(#+)*!1&,1:&3&%@ 

A&-&'et al. 7BCCD>')*!#*+"&"#*'E4)'),'*F$)"#'("#$)31#'3)'2&*3&%'(#"'(&"'3)'1*1!1&3#"'

AAG'54)'B@HI')*'Festuca arundinacea 75)%+4!&'&,+&>,'B@JC'(&"&'Lolium 72&,,1!#'()")**)'

0'&*4&,>, <@II'(&"&'Festuca pratensis 75)%+4!&'$)31&>?'B@H<'(&"&'Festuca arundinacea 

K&"@' Glaucescens 75)%+4!&' +)+"&(,#13)>, <@=B' Oryza sativa 7&""#:> 0' B@LB' Triticum 

aestivum'7+"1.#>@'M%+#%'K&,#")%'%#*'$)*#")%'&',#%'")(#"+&3#%')*'),'(")%)*+)')%+431#?',#'

E4)'(4)3)'&+"1241"%)'&',&')%()!1)'4+1,1:&3&'0'&',&')%()!151!13&3'3),'1*1!1&3#"@'

N)' &!4)"3#' !#*' O#),:)*' 0' P"))*' 7<==B>' 0' P4)K&"&QP&"!/&' et al. 7<==H>?' )*' ,#%'

1*1!1&3#")%' E4)' $4)%+"&*' $&0#"' (#,1$#"51%$#?' 3)' &!4)"3#' &,' *F$)"#' 3)' &,),#%' E4)'

(")%)*+&*?' )R1%+)' 4*'$&0#"' (#"!)*+&S)' 3)' -#$#,#./&' 3)' %4%' %)!4)*!1&%' !#*' ,&%' 3),'

TNU'2,&*!#?')*'3#*3)'%)'1*1!1&',&'(#,1$)"1:&!1V*W'&3)$X%',&'+)$()"&+4"&'3)'&,1*)&!1V*'

)$(,)&3&'5&K#")!)',&')%+&21,13&3')*'),'&,1*)&$1)*+#'3)',#%'1*1!1&3#")%'!#*'),'TNU@'Y#'

&*+)"1#"'(4)3)')%+&"'&%#!1&3#'&' ,#%' 1*1!1&3#")%'UZZ&CCB'0'UZZ&CC=?'(4)%' 54)"#*' ,#%'

E4)'(")%)*+&"#*'$&0#"'(#,1$#"51%$#')K13)*!1&3#'(#"'),'*F$)"#'3)'&,),#%'13)*+151!&3#%'

7[>@ 

\#*' 2&%)' )*' ,&' $&+"1:' 3)' %1$1,1+43' 0' 31%1$1,1+43' .)*6+1!&' 3)' K&,#")%' 1*%)%.&3#%' 3)'

5")!4)*!1&%'&,6,1!&%'3)' ,#%' 1*1!1&3#")%?' %)' )*!#*+"&"#*' K&,#")%'3)' %1$1,1+43'3)'C@IL<B'

7T*%0,' Z"&*!)' 3)' L. multiflorum> &' C@=L=[' 7\&*&3&' ]"1' D*' 3)' L. perenne> 0' 3)'

31%1$1,1+43' 3)' C@CD<B' &' C@<[<<' (&"&' ,#%' .)*#+1(#%' \&*&3&' ]"1' 7D*>' 0' T*%0,' Z"&*!)'

7\4&3"#'=>@'

'
'

'
'
'
'
'
!

!

!

!

!



!"#$%&' ()' *#+%,-' $.' /,0,1,+"$' 2' $,/,0,1,+"$' 3.45+,6#' $.' 1#/' #66./,&4./'
.78.%,0.4+#1./)'

!!!!

"#$%&'()*%&)#&&+,#)-')$#)-+#.%/#$)+/-+0#/)(+1+$+23-).'/42+0#)5)6#$%&'()*%&)-',#7%)-')4(2#)

+/-+0#/)-+(+1+$+23-).'/42+0#)89'+:);<=>?@)!

A%()6#$%&'()-')-+(2#/0+#).'/42+0#)B3'&%/)-')C@CD;E)#)C@;F;;@)G/)(+'2')03$2+6#&'()-')L. 

perenne)H3,+I)et al. 8ECC;?) &'*%&2#/)6#$%&'()C@;;;)#)C@DC<:)1+'/2&#()J3') $#)-+(2#/0+#)

.'/42+0#)'/2&')/3'6')'0%2+*%()K%$#0%()-')L. perenne)6#&+L)-')C@M;)#)C@N;)5)*#&#)$#()NM)

#00'(+%/'(:) +/0$35'/-%)#) $%()/3'6')'0%2+*%() B3')-')C@EN)#)C@F=)8O%$#&+0)et al.:)ECCN?P)

#-'1Q(:))RS#&+#/+)et al. 8ECCM?)('T#$#/)6#$%&'()-')C@E>)#)C@=>)'/);>)#00'(+%/'()-')L. 

perenne@)G$)&#/.%)-')-+(2#/0+#).'/42+0#)%,2'/+-#)'/)'$)*&'('/2')'(23-+%)B3')1'/%&:)0%/)

&'(*'02%)#) $%()%,('&6#-%()'/) $%()'(23-+%()1'/0+%/#-%(@)A#()-+B'&'/0+#()'/0%/2&#-#()

*3'-'/)#(%0+#&(')#)J3') $#()#00'(+%/'()%).'/%2+*%()32+$+U#-%()'/)0#-#)'(23-+%) B3'&%/)

-+(2+/2%(P) 2#1,+4/)*3'-')'(2#&)&'$#0+%/#-%)0%/) $#()-+B'&'/2'()0%/-+0+%/'()#1,+'/2#$'()

-%/-')(')-'(#&&%$$#&%/)$%().'/%2+*%()%)#00'(+%/'(@)

G$)-'/-%.&#1#)-')$%().'/%2+*%()8V+.3&#);?)+/-+0#)$#)+/2'.&#0+L/)-')-%().&3*%()'W2'&/%()

5)03#2&%).&3*%()1Q(@)G$).&3*%)'W2'&/%:);)5)E:)$%)0%/B%&1L)'$).'/%2+*%)X#/#-#)Y4&03$'()

8D. glomerata, *%,$#0+L/)=?)5)'$).'/%2+*%)9'Z)['#$#/-)8L. multiflorum, *%,$#0+L/)E?@)G$)

.&3*%)3/%)$%)B%&1L)\]^)9#*+'&)5)\]^)K%2%1#0)8D. glomerata:)*%,$#0+L/)<)5)>?:)$%)J3')

!"!

!



!"#!$%& '!(!)!*+#& ,-".*!$%& /%0%& %(12'& ,-"2*!/2'& 3& /+#!-0%& %'2$!%0'-& %)& 20!,-"&

-$2,-2,045!$2& 3& #-& /-#!,067& -"& $2(/%0%$!8"& $2"& 9%"%#%& :.0$+)-'& ;+-& /02<!-"-& #-&

9%"%#47& 20!,!"%#%& #-)& $+)*!<%0& =%"$>+0!%"& /20& '-)-$$!8"& (%'%)7& /02,-"!*20&

$2(/)-*%(-"*-&#!'*!"*2&#-&?@A&B2*2(%$& 3&?@A&C%/!-0& D9%')-07& EFFEGH&I)& ,0+/2&#2'&

;+-#8&$2"'*!*+!#2&/20&A+'*0%)!%&J!((-0%&KL7&M0%"$-&N*%;+-&DL. hybridum, /21)%$!8"&EO&

3&ELG&3&9%"%#%&?0!&DP"G&DL. perenne, /21)%$!8"&KGQ&*2#2'&)2'&!"*-,0%"*-'&#-&-'*-&,0+/2&

'2"& *-*0%/)2!#-'H& I)& ,0+/2& *0-'& )2& !"*-,08& A"'3)& M0%"$-& 3& ?0+,+%3& DL. multiflorum, 

/21)%$!8"&E&3&RGH&I)&,0+/2&$+%*02&)2&$2"'*!*+38&C-*>-0)%"#&S%0-"T%&3&?@A&=%">%**%"&NN7&

$200-'/2"#!-"*-'&%&)%&-'/-$!-&L. perenne D/21)%$!8"&P&3&UGH&&

V2'& %,0+/%(!-"*2'& 520(%#2'& -"& -)& #-"#2,0%(%& DM!,+0%& EG& '+,!-0-"& ;+-& )2'&

(%0$%#20-'& (2)-$+)%0-'& @@W& +*!)!T%#2'& -"& -)& /0-'-"*-& -'*+#!2& /-0(!*-"& >%$-0& +"%&

'-/%0%$!8"&-"*0-&-'/-$!-'7&,."-02'&3&"!<-)&#-&/)2!#6%H&

!"#$%&' ()*' +,-./#%&0&' .,' ((' #,-/1"2/34' 5/%%,32/-.",-1,3' &' D. glomerata, L. 
hybridum, L. perenne'6'L. multiflorum. 
'

 
'
/2/&X&"Y(-02&#-&/21)%$!8"& D-'/-$!-7&,-"2*!/27&/)2!#6%G&,0+/2&%)& ;+-&/-0*-"-$-&$%#%&
/21)%$!8"H'

A)& !,+%)&;+-&-"&-)&/0-'-"*-&-'*+#!27&Z2))![-0&et al. DEFFFG&#!5-0-"$!%02"&-"*0-&-'/-$!-'&

#-& Festuca pratensis, Lolium perenne y Dactylis glomerata, %)& +*!)!T%0& WAB\'& $2(2&

(%0$%#20-'H&A#-(4'7&@%>%&et al. (LOOPG& !"#!$%"&;+-&-)& +'2&#-& )2'&@@W& )-'& /-0(!*!8&

!"!

!



!"!

!

!"#$%$&'"(%)**)+$&,-".,/)!$)('0$%!,)()$/.$'"$)1).2,"!3(4)2,)50$)',"&'"!$)',&)2().%$/$&-$)

"&6$/-"+('"7&8))

9!$:;/4) <0=">) et al. (?@@*A) /$B(2(&) 2() "&-$+%('"7&) !$) -%$/) +%0.,/) ',&) %$/.$'-,) ()

/":"2"-0!) ,) !"/-(&'"() +$&C-"'() $&) /"$-$) '02-"6(%$/) !$) L. perenne4) !$) ('0$%!,) ',&) 2()

%$2('"7&)'$%'(&()D/":"2"-0!)+$&C-"'(A)50$).%$/$&-(%,&) 2,/)'02-"6(%$/E)$2).%":$%)+%0.,) 2,)

"&-$+%7)F$&&#"&$)1)G"&&4)$2)/$+0&!,)9##"&"-1)1)F(2:$%)HHH)1)$2)-$%'$%,)G,%$--()1)I(&J(--(&)

HH8) K2) '02-"6(%) L$-4) /$) (+%0.,) .,%) /$.(%(!,4) !$="!,) () 50$) /0) ',2,'('"7&) $&) $2)

!$&!,+%(:(4)&,)$/-06,)#0$%-$:$&-$)%$2('",&(!()',&)$2)%$/-,)!$)2,/)+%0.,/8)

MJ(%"(&") et al. (?@@NA) 0/(%,&) :(%'(!,%$/) HOOP) $&) *Q) (''$/",&$/) !$) L. perenne4) 1)

$&',&-%(%,&)2()',&#,%:('"7&)!$)-%$/)+%0.,/E)$2).%":$%,)1)/$+0&!,)50$!7)#,%:(!,).,%)

'"&',) (''$/",&$/) '(!() 0&,) 1) $2) -$%'$%,) .,%) ,'J,R) 2() !"#$%$&'"() $&) $2) &S:$%,) !$)

(''$/",&$/) $&) '(!() +%0.,) .0$!$) $/-(%) (/,'"(!,) () 50$) 2(/) 6(%"(=2$/) (+%,$',27+"'(/)

.%$/$&-$/) $&) 2,/) /"-",/) !$) %$',2$''"7&) #0$%,&) !"/-"&-(/8)T$) ('0$%!,) ',&)U,2(%"')et al8)

D?@@VA4)$&)&0$6$)$',-".,/)!$)L. perenne4)S&"'(:$&-$)0&,)D$2)FWNA)#0$)$2):;/)!"/-(&-$4)

(+%0.;&!,/$).,%)/$.(%(!,)!$)2(/)!$:;/).,=2('",&$/8)G(/)!"#$%$&'"(/)$&',&-%(!(/)$&)

2() #,%:('"7&) !$) 2,/) +%0.,/) $/-;) !$-$%:"&(!() .,%) !"6$%/,/) #('-,%$/4) !$/-('(&!,) 2(/)

',&!"'",&$/)(+%,$',27+"'(/)$&) 2(/)50$)/$)!$/(%%,22(%,&4).0$/-,)50$)$&) 2():(1,%3()!$)

2,/) $/-0!",/) 2,/) '02-"6(%$/4) +$&,-".,/) ,) (''$/",&$/) #0$%,&) %$',2$'-(!(/) $&) !"#$%$&-$/)

X,&(/) !$&-%,) !$) 0&) .(3/) ,) %$+"7&4) 1() 50$) $2) ,=Y$-"6,) $&) 2(/) "&6$/-"+('",&$/) #0$)

!$-$%:"&(%)2()!"/-(&'"()+$&C-"'()$&-%$)2,/)"&!"6"!0,/)"&6,20'%(!,/8))

G(/)/":"2"-0!$/),)!"#$%$&'"(/)$&) 2,/)%$/02-(!,/),=-$&"!,/)$&) 2().%$/$&-$) "&6$/-"+('"7&4)

',&)%$/.$'-,)(),-%(/4).0$!$&)$/-(%) %$2('",&(!,/)()50$) 2()6(%"(="2"!(!)+$&C-"'()!$&-%,)

!$) '02-"6(%$/) !$.$&!$) ',&/"!$%(=2$:$&-$) !$) 2(/) $/.$'"$/) 1) +$&,-".,/) /$2$''",&(!,/)

D<,22">$%) et al84) *ZZZA4) 1() 50$) +$&,-".,) 2,'(2$/4) /$) (!(.-(&) :$Y,%) () 2(/) ',&!"'",&$/)

(:="$&-(2$/4) ',&) %$/.$'-,) () 2,/) 50$) .%,6"$&$&) !$) ,-%(/) %$+",&$/4) !$="!,) () 50$)

'%$'"$%,&)1)/$)!$/(%%,22(%,&)=(Y,)$/(/)',&!"'",&$/)D8G$/"'()(&!)922$&!,%#4)*ZZZA8)!

I$!"(&-$) 2() $/-":('"7&) !$) 2() !"/-(&'"() +$&C-"'() $/) .,/"=2$) !$-$%:"&(%) 2() !"6$%/"!(!)

+$&C-"'()50$)$["/-$)$&-%$) "&!"6"!0,/)!$&-%,)1) #0$%()!$) 2(/).,=2('",&$/4).,%) 2,)50$)$/)

.,/"=2$)(.2"'(%).%,+%(:(/)!$):$Y,%(:"$&-,4)(.2"'(&!,)$/-%(-$+"(/)!$)/$2$''"7&)(/"/-"!()

.,%):(%'(!,%$/):,2$'02(%$/8!



!"!

!

!"#$%&'()*+%&,*#

!"#$ %&'(&)"'*#$ %"+*(,+&'*#$ )*$ #*(,*-(.&#$ #.%/+*#$ '*/*0.)&#$ 1223#4$ %"#0'&'"-$ #,$

*5.(&(.&$&+$#*/&'&'$6$).5*'*-(.&'$(+&'&%*-0*$&$ +"#$7*-"0./"#$)*$&(,*')"$&+$78-*'"$6$&+$

-.9*+$)*$/+".):&;$

!&$ 9&+"'*#$ #.%.+.0,)$ 6$ ).#0&-(.&$ 7*-80.(&$ *-("-0'&)"#$ .-).(&-$ <,*$ *=.#0*$ ,-&$ &%/+.&$

).9*'#.)&)$7*-80.(&$*-0'*$+"#$>>$7*-"0./"#$&-&+.?&)"#;$

!"#$223#$/,*)*-$#*'$/"0*-(.&+%*-0*$@0.+*#$*-$+&$#*+*((.A-$)*$7*-"0./"#$"$ .-).9.),"#$

("-0'&#0&-0*#$*-$(&)&$*#/*(.*;$

!"#$ 7*-"0./"#$ ("''*#/"-).*-0*#$ &$ +&#$ *#/*(.*#$ )*$ L. perenne, L. multiflorum, L. 

hybridum y D. 7+"%*'&0&B$'*/'*#*-0&-$,-$'*(,'#"$7*-80.("$9&+."#"$<,*$/,*)*$&6,)&'$&$

.-('*%*-0&'$+&$9&'.&(.A-$7*-80.(&$*-$7'&%:-*&#$5"''&C*'&#$)*$D&++*#$E+0"#$F*-0'&+*#$)*$

G8=.(";$

H#0,)."#$&).(."-&+*#$)*$).9*'#.)&)$7*-80.(&$*-$7*-"0./"#$<,*$/'*#*-0*-$,-&$ '*+&(.A-$

(*'(&-&$&$+&#$*#/*(.*#$)*$L. perenne, L. multiflorum, L. hybridum y D. glomerata$#*':&-$

)*$ %,(I&$ ,0.+.)&)$ 6&$ <,*$ /*'%.0.':&-$ *#0&J+*(*'$ #.#0*%&#$ )*$ #*+*((.A-$ &#.#0.)&$ ("-$

%&'(&)"'*#$ /&'&$ *#0&J+*(*'$ /'"7'&%&#$ .-0*7'&)"#$ )*$ %*C"'&%.*-0"$ 7*-80.("$ *-$

7'&%:-*&#$ 5"''&C*'&#$ )*$ ?"-&#$ 0*%/+&)&#K$ &#:$ ("%"$ *+$ ,#"$ )*$%&'(&)"'*#$ -*,0'&+*#$

223$/")':&-$#*'$@0.+*#$*-$*+$%&/*"$&#"(.&0.9"$)*$(&'&(0*'*#$%"'5"+A7.("#;$

$

!

!

!

#

#

#

#

#

#

#

#
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!"#$%&'()*(+,-./&01(,1#2,(3.2/.%'2,"(3'-,/$-.2,"(4(/.2./#,2,"(5,1'#67&/'"*(

(

8*(91#2'%$//&01(

!"#$%&'()%$"$#*'+,-%."#/"#$')'01'2"$3#4+"#54+.%6+#%013(-"+-'#'+#'7#0'83("0%'+-3#$'#

17"+-")9#:#)'#/"#4-%7%;"$3#'+#7"#'7'..%6+#:#4)3#$'7#*'(0317")0"9#/4'77"#*'+,-%."#:#'+#7"#

)'7'..%6+# $'# *'+3-%13)# <=>?9# @AAB# :#C+*7')#et al., DEEDFG#CH%)-'+# $%&'()3)#0,-3$3)#

1"("#')-%0"(#7"#$%&'()%$"$#*'+,-%."#:#'7#0I)#('.4(('+-'#')#'7#$'#(")*3)#03(5376*%.3)#:"#

J4'#1(313(.%3+"#4+"#53(0"#)%017'#$'#.4"+-%5%."(#7"#&"(%".%6+#*'+,-%."9#"4+J4'#7"#0":3(#

7%0%-"+-'# $'# ')'# 0,-3$3# ')# J4'# 73)# (")*3)# 03(5376*%.3)# )3+# 03$%5%."$3)# 13(# '7#

"0K%'+-'# :# 14'$'+# ')-"(# .3+-(37"$3)# 13(# *'+')# .3+# '5'.-3# '1%)-I-%.3# 3# 17'%3-(61%.3#

<L"+#M'4+%+*'#:#M4)./9#@AANKFG#O'#/"#')-4$%"$3#7"#4-%7%$"$#J4'#('1(')'+-"#'7#4)3#$'#

"7*4+3)# 0,-3$3)# 1"("# $'-'(0%+"(# 7"# $%&'()%$"$# *'+,-%."# '+# ')1'.%')# 53(("8'(")#

<."(".-'(%;".%6+# 5'+3-P1%."9# K%3J4P0%."# :# 037'.47"(F9# 14')# .3+# K")'# '+# '773)# )'# /"#

73*("$3# )'1"("(# 4+"# ')1'.%'# $'# 3-("# <Q"(1'/"#et al., @AABKF9# %$'+-%5%."(# 13K7".%3+')#

+"-4("7')#<R4#et al., @AADF9#&"(%'$"$')#('*%)-("$")#<S455#et al., @AANF#:#"..')%3+')#04:#

.'(."+")#<T37$"+UT4%;#et al., DEEEKFG#

!"#('7".%6+#'+-('#0"(."$3(')#:#$%)-"+.%")#5'+3-P1%.")#14'$'#-'+'(#&"(%")#"17%.".%3+')#

1(I.-%.")9#'+-('#7")#J4'#$')-"."+V#@F#'7#5'+3-%13#$'#4+"#7P+'"#$"$"#14'$'#1('$'.%(#4+"#

"7-"# )%0%7%-4$# '+# '7# +%&'7# $'7# 0"(."$3(9# .3+# 4+"# 7P+'"# J4'# 54'# ."(".-'(%;"$"#

5'+3-P1%."0'+-'W# DF# '+-('# 4+# *(413# $'# 7P+'")# .3+# 5'+3-%13)# )%0%7"(')G# C7# "+I7%)%)# $'7#

0"(."$3(#1'(0%-'# 7"# %$'+-%5%.".%6+#$'# 7")# 7P+'")#J4'#1(3K"K7'0'+-'# .301"(-'+#"7'73)#

)%0%7"(')# '+# 73)# XY!)9# 73# J4'# ')# %013(-"+-'# '+# 7"# %$'+-%5%.".%6+# $'# &"(%'$"$')#

'H%)-'+-')# 3# '+# .('".%6+# $'# +4'&")# &"(%'$"$')W# $'# ')-"# 53(0"# )'# *"("+-%;"# 7"#

1(3-'..%6+# $'# 73)# $'('./3)# $'# "4-3(9# ")P# .303# 7"# .3+)'(&".%6+# $'# 73)# ('.4()3)#

*'+,-%.3)#<M4()-%+#:#>7"%+9#@AANFG##

C)-%0"(# 7"# .3+53(0%$"$#*'+,-%."#'+-('# &"(%'$"$')#$'#1")-3#K"77%.3#14'$'#K")"()'#'+#

."(".-'(P)-%.")#5'+3-P1%.")#)%0%7"(')#3#'017'"+$3#7"#"17%.".%6+#$'#-,.+%.")#K%3J4P0%.")#

3#037'.47"(')#<Z%77%7"+$#et al., DEEEFG#O'#/"+#('"7%;"$3#%+&')-%*".%3+')#1"("# %$'+-%5%."(#

&"(%'$"$')# $'# K"77%.39# '017'"+$3# $%5'('+-')# -,.+%.")# .303V# '7# 4)3# $'# $"-3)#

03(5376*%.3)#<["07%+#:#\.#\%./"'79#@AAEW#!33)9#@AA]W#Z%77%7"+$#et al., DEEEF9#&"(%".%6+#
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!"# $%# &'()"*+%# ,-.)"'/%%'!# et al., 01234#5($$"'# 6# 7&(('8# 01194# :;%'<")# 6# =>$?(>'@"'8#

011AB# 6# <%'C%!('".# <($"C>$%'".# ,D%'&";%# et al.8# 01124# E($!%+FE>@G# et al., HIII%B8#

<@.<%.#J>"#;%+#!"<(.)'%!(#."'#!"#/'%+#>)@$@!%!8#%$#@!"+)@?@C%'#6#."&%'%'#>+%#K%'@"!%!#

!"#()'%L##

M>+J>"# "N@.)"+# !@K"'.%.# )OC+@C%.# &%'%# !")"'<@+%'# $%# !@K"'.@!%!# /"+O)@C%# ,!%)(.# !"#

'%./(.#<('?($P/@C(.8#<%'C%!('".#Q@(J>*<@C(.8#<%'C%!('".#<($"C>$%'".#!"#MRS8#")CLB8#

"+#&(C(.#".)>!@(.#."#;%#"N%<@+%!(# $%# '"$%C@P+#"+)'"#C%'%C)"'".#<('?($P/@C(.#C(+# $(.#

<%'C%!('".#<($"C>$%'".#"+#/'%<*+"%.#?(''%T"'%.#6#$(.#J>"#."#;%+#'"%$@G%!(#."#Q%.%+#

"+# "$# >.(# !"# !@%/'%<%.8# C(''"$%C@(+".8# /'U?@C(.# !"# C(('!"+%!%.# 6# C(<&(+"+)".#

&'@+C@&%$".8# '"/'".@P+#!"#C(<&(+"+)".#&'@+C@&%$".#(#!"#<*+@<(.#C>%!'%!(.#&%'C@%$".L#

V%# '"/'".@P+# &('# <*+@<(.# C>%!'%!(.# &%'C@%$".# ,5:WB# ".# >+# <O)(!(# !"# %+U$@.@.#

".)%!*.)@C(#J>"#&"'<@)"#".)>!@%'#$%#'"$%C@P+#"+)'"#<%'C%!('".#<($"C>$%'".#6#C%'%C)"'".#

%/'(+P<@C(.# !"# @+)"'O.L# X$#5:W# ."# ;%# >)@$@G%!(#"+# "$# %+U$@.@.# !"# ".)"# )@&(# !"# !%)(.#

&('J>"#%*.$%#$%#<>$)@C($@+"%$@!%!#"+#$%.#K%'@%Q$".#&'"!@C)('%.#,Y%'/%.8#0111BL###

V%#<")(!($(/*%#5:W#/"+"'%$@G%#6#C(<Q@+%#C%'%C)"'*.)@C%.#!"$#%+U$@.@.#!"#C(<&(+"+)".#

&'@+C@&%$".# 6# %+U$@.@.# !"# '"/'".@P+# <Z$)@&$"L# M# !@?"'"+C@%# !"# $(.# C(<&(+"+)".#

&'@+C@&%$".8#"+#"$#5:W#$(.#!%)(.#!"#"+)'%!%#%!"<U.#!"#$%#<%)'@G#!"#&'"!@C)('".#[8#!"Q"#

C(+)"+"'# >+%# <%)'@G# !"# '".&>".)%# \# ,Y%'/%.8# 0111BL# X$# +Z<"'(# !"# C(<&(+"+)".# (#

?%C)('".#5:W#J>"#."# '"J>@"'"+#&%'%#".)@<%'#>+#<(!"$(#!"# '"/'".@P+8# ."#"$@/"#&('#"$#

C'@)"'@(# !"# <@+@<@G%C@P+# !"# $%# .><%# !"# C>%!'%!(.# !"# '".@!>%$".# ,Y%'/%.8# 0111BL# V%#

'"/'".@P+#5:W#;%#.@!(#>)@$@G%!%#"+#%/'(+(<*%#&%'%# @+)"'&'")%'# $%# @+)"'%CC@P+#/"+()@&(#

&('#%<Q@"+)"# ,Y%'/%.#et al., 0112B8# 6#"+#Q@()"C+($(/*%#&%'%# $%# @!"+)@?@C%C@P+#!"#]^V.#

,:'(..%8#et al., 0111BL#

XN@.)"# &(C%# @+?('<%C@P+# J>"# ".)%Q$"GC%# $%# '"$%C@P+# "+)'"# <%'C%!('".# <($"C>$%'".# 6#

C%'%C)"'*.)@C%.# %/'(+P<@C%.# !"# ".&"C@".# ?(''%T"'%.L# W('# )%+)(8# "$# (QT")@K(# !"# ".)"#

".)>!@(# ?>"# ".)%Q$"C"'# !@C;%# '"$%C@P+8# >)@$@G%+!(# $%# @+?('<%C@P+# /"+"'%!%# !"# $(.#

C(<&(+"+)".#<('?($P/@C(.#!"#L. perenne, L. multiflorum, L. hybridum y D. glomerata 

"K%$>%!(.# "+# C%<&(8# C(+# $(.# %$"$(.# @!"+)@?@C%!(.# %# &%')@'# !"# $(.# <%'C%!('".#

<($"C>$%'".# !"# ."C>"+C@%.# .@<&$".# '"&")@!%.8# <"!@%+)"# '"/'".@P+# &('# <*+@<(.#

C>%!'%!(.#&%'C@%$".L#
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!"#$%&'()%*'+#,#-.&/0/+!

"#$!%&'&()*'+,&(+-.!/*!(0120.*.)*3!10'405-6+(03#!

7*! 8)+5+,&'0.! $$! 6*.0)+2039! )'*3! /*! L. perenne, )'*3 de L. multiflorum, /03 de L. 

hybridum y )'*3 de D. glomerata:!2'0;*.+*.)*3!/*5!<&.(0!/*!=*'1025&31&!/*! 5&!>*/!

/*! ?.40'1&(+-.! /*! >*(8'303! /*! =*'1025&31&! /*5! @*2&')&1*.)0! /*! A6'+(85)8'&! B!

7*';+(+0!/*!?.;*3)+6&(+-.!A6'C(05&!D=>?EFG7@AFA>7H9!*.!<*5)3;+55*9!I&'J5&./9!K3)&/03!

G.+/03#! L03! 6*.0)+203! *;&58&/03! 2'0;*.C&.! /*! &((*3+0.*3! /+250+/*3! J! )*)'&250+/*3!

DK3)8/+0! $9! %8&/'0! "H#M0/03! 503! 6*.0)+203! 3*! *3)&N5*(+*'0.! *.! *5! %&120! A6'C(05&!

KO2*'+1*.)&5!P%8&/'0!7&.!Q8&.R!50)*!QF$$S!/*!5&!G.+;*'3+/&/!A8)-.01&!%T&2+.609!/*!

U85+0!/*!"VVW!&!3*2)+*1N'*!/*!"VVX9!*.!8.!/+3*Y0!(0125*)&1*.)*!&5!&,&'!*.!N50Z8*3!

D*O(*2)0! *5! 6*.0)+20! $$9! ['&.(*! ?)&Z8*9! J&! Z8*! \.+(&1*.)*! 3*! 8)+5+,-! *.! /03!

'*2*)+(+0.*39!*.!5&3!2&'(*5&3!]$!J!^V9!2&'&!(0125*)&'!5&!4&5)&!/*!25_.)85&3!&5!)'&325&.)*!

/*! 503! 6*.0)+203! G7A! I&.T&))&.! ??! J! G7A! `0)01&(9! *.! 5&3! '*2*)+(+0.*3! ]! J! ^H9!

(0.3+/*'&./0!(8&)'0!'*2*)+(+0.*3!J!1*/+/&3!'*2*)+/&3!&!)'&;a3!/*5!)+*1209!$$!(0')*3#!!

K5! 2'0(*/+1+*.)0! 2&'&! *3)+1&'! 5&3! ;&'+&N5*3! *.! (&/&! (0')*! 48*! 3+1+5&'#! K.! *5! (&30! /*!

&5)8'&!J!.\1*'0!/*!)&5503!&!2&')+'!/*5!(0')*!$!3*!*5+6+*'0.!&5!&,&'!(+.(0!25&.)&3!20'!38'(09!

$b!20'!2&'(*5&!D]!38'(03c!$!2&'(*5&9!Z8*!3*!(0.3+/*'-!(010!8.+/&/!*O2*'+1*.)&5H!J!20'!

*./*!*.!(&/&!(0')*!3*!1+/+*'0.! 5&3!1+31&3!25&.)&3#!`&'&!(&5(85&'! 503!20'(*.)&U*3!/*!

T0U&9! )&550! J! 1&)*'+&5! 18*')09! 3*! 1*,(5&N&! 50! 1_3! T0106a.*0! 203+N5*! *5! 40''&U*!

(03*(T&/0! *.! 8.&! 2&'(*5&9! 3*! )01&N&! 8.&! 18*3)'&9! 2&'&! 3*2&'&'! 20'! b! 1+.! 503!

(0120.*.)*3! J! /*328a3! 2*3&'503#! L&! '*5&(+-.! T0U&d! )&550! 3*! 0N)8;0! &5! /+;+/+'! *5!

20'(*.)&U*! /*! T0U&! *.)'*! 20'(*.)&U*! /*! )&550#! L&! 0N)*.(+-.! /*5! 2*30! 3*(0! )0)&5! 20'!

25&.)&9!T0U&9! )&550!J!1&)*'+&5!18*')0!3*!0N)8;0!*.!N&3*!3*(&!&!8.&!)*12*'&)8'&!/*!SV!

e%!J!T&3)&!2*30!(0.3)&.)*#!

L03! '&3603! /*! (0120.*.)*3!10'405-6+(03! 8)+5+,&/03! 2&'&! *3)+1&'! 5&! '*5&(+-.! (&'_()*'!

4*.0)C2+(0F1&'(&/0'!105*(85&'!48*'0.d!20'(*.)&U*!/*!T0U&!D`fH9!20'(*.)&U*!/*!)&550!D`MH9!

20'(*.)&U*! 1&)*'+&5! 18*')0! D`IIH9! '*5&(+-.! T0U&d! )&550! D>fMH9! 2*30! 3*(0! 20'! 25&.)&!

D`7`H9!2*30!3*(0!/*!)&550!20'!25&.)&!D`7M`H9!2*30!3*(0!/*!5&!T0U&!20'!25&.)&!D`7f`H9!

2*30! 3*(0! /*! )&550! 20'! 25&.)&! D`7M`H9! 2*30! 3*(0! /*5! 1&)*'+&5! 18*')0! 20'! 25&.)&!
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!"#$$"%&'()*+,('-.' )(/'0)(1*(/'!2)*%'3'145.,6'-.' *())6/'!78(%9':/*(/';(,<(=)./' >+.,61'

5.-<-(/'.1'??'565.1*6/'-</*<1*6/'-.)'@<@)6'-.'@,.@<5<.1*69'

'

A9A'B(,(@*.,<C(@<D1'56).@+)(,'-.')6/'E.16*<06/'

:1'16;<.5=,.'-.'AFFG'3'.1.,6'-.'AFFH&'/.',.@6).@*(,61'AIH'5+./*,(/'.1'*6*()'-.'*.J<-6'

>6)<(,&'-6/'0)(1*(/'06,'/+,@6&'-.'+1'*6*()'-.'??K'/+,@6/9'L(/'5+./*,(/'0,6;.1M(1'-.')6/'

E.16*<06/' ./*(=).@<-6/' .1' .)' B(506' 2E,M@6)(' :N0.,<5.1*()&' B+(-,6' #(1' O+(1' -.' )('

P1<;.,/<-(-'2+*D165('BQ(0<1E6'-.'J+)<6'-.'AFFG'('/.0*<.5=,.'-.'AFFH9':)'*.J<-6'>6)<(,'

,.@6).@*(-6' /.' )<6><)<CD&' /.' 56)<D' 3' /.' ()5(@.1D' (' RAF' SB' Q(/*(' .)' 565.1*6' -.' )('

.N*,(@@<D1' -.' 2T79' L(' .N*,(@@<D1' -.' 2T7' /.' ,.()<CD' 06,' .)' 5U*6-6' -.' B82V'

56-<><@(-6' !W6</<1E*61' et al9&' ?KKX%&' .)' @+()' /.' @(,(@*.,<C(' 06,Y+.' ()' .50).(,'

-.*.,5<1(-6/' ,.(@*<;6/&' *()./' @656Z' B82V&' @)6,6>6,56[6@*(16)&' >.16)[@)6,6>6,56&'

</60,60(16)&':8\W'()'G]'^'3')('.1C<5('_72(/(&'/.'6=*<.1.'2T79':)'2T7'/.'@61/.,;D'

.1' *+=6/' -.' ?' 5L' Q(/*(' /+' (1`)</</9' :1' )(' @(,(@*.,<C(@<D1' 56).@+)(,' /.' +/(,61' ?I'

<1<@<(-6,./' -.' /.@+.1@<(/' /<50)./' ,.0.*<-(/' !##_/%' @61' )6/' Y+.' /.' -.*.@*(,61' ]K'

().)6/&')6/'@+()./'>+.,61'+*<)<C(-6/'.1'./*.'./*+-<6'0(,(',.)(@<D1'@(,`@*.,R5(,@(-6,9'

'

A9I'21`)</</'./*(-M/*<@6'

L(' ,.)(@<D1' .1*,.'5(,@(-6,./'56).@+)(,./' -.'##_' 3' @65061.1*./'56,>6)DE<@6/&' ' /.'

./*+-<D'5.-<(1*.',.E,./<D1'06,'5M1<56/'@+(-,(-6/'0(,@<()./'/<E+<.1-6')('5.*6-6)6EM('

0,./.1*(-('06,'a(,E(/'!?KKK%9'

L6/' ,./+)*(-6/' -.' )(' -./@6506/<@<D1' =<)<1.()' 6=*.1<-(' -.'$B"' /.' ,./+5<D' .1' >6,5('

E,`><@('!=<0)6*/%&'-61-.')6/'bR'@(/6/'-.')6/'@(,(@*.,./'>.16*M0<@6/'3')(/'cR'+1<-(-./'-.'

)6/'().)6/'/.',.0,./.1*(1'06,';.@*6,./'.1'+1'./0(@<6'@61'0+1*6/'-.'<1<@<6'.1'.)'6,<E.1'

!F&F%'3'0+1*6/' ><1()./'-.*.,5<1(-6/'06,' )6/';()6,./'-.' )6/'@(/6/'6'+1<-(-./' !a(,E(/&'

?KKK%9''

L6/' =<0)6*/' /61' -</06/<*<;6/' E,`><@6/' Y+.' ,.0,./.1*(1' /<5+)*`1.(5.1*.' 6=J.*6/'

!E.16*<06/%' 3' ;(,<(=)./' !@(,(@*.,./' >.16*M0<@6/&' >,.@+.1@<(/' -.' =(1-(/' 6' >,.@+.1@<(/'

()U)<@(/' -.' )6/' 5(,@(-6,./' 56).@+)(,./%&' /<,;.1' 0(,(' <-.1*<><@(,' )(/' 0,<1@<0()./'

@(,(@*.,M/*<@(/' .1' .)' E.16*<06' 06,' )(' 5(*,<C' -.' -(*6/' -.' )(' ;(,<(=).Z' -</*(1@<(/' .1*,.'
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!"#$%&"&%'()*+##%,"*$+-%')%-.#%)!"#$"/,%')0)!",+#%')&%) ,"')!"#$%&"&%')%-) ,"')!"#$"/,%')

12+3%#)0)4"-&()566789)

:+') !",+#%')&%) ,"');)<-$&"&%') 1",%,+'8) 0) ,+')=) *"'+') 1*"#"*.%#%') >%-+.?@$*+'8() ><%#+-)

*",*<,"&+')@"#")*"&")%'."*$A-)&%,)"B+9)C-) ,+')=DE*+#%')'%)@#%'%-."-) ,+')@+#*%-."F%')

&%),+')>"*.+#%')5)",)GH)&%'."*"-&+)%,)5)0)I)J<%)><%#+-),+')<.$,$K"&+')@"#"),")%,"/+#"*$A-)

&%)*"&")/$@,+.9)C'.")$->+#L"*$A-)%'.M)&$'@+-$/,%)%-)%,)N-%O+)P9)

:+') &".+') '%) "-",$K"#+-) *+-) %,) @#+*%&$L$%-.+) &%) #%Q#%'$A-) @+#) L?-$L+') *<"&#"&+')

@"#*$",%')1RSTU)R:E8)&%,)@#+Q#"L")ENE)@"#")V$-&+3'()!%#'$A-)695)1ENE()IWWW89)

!

"#!$%&'()*+,&!-!+.&/'&.01!

C-),+')/$@,+.'),+')-XL%#+')&%,)5DG6)$-&$*"-)%,)",%,+)0),"'),%.#"')%,)*"#M*.%#)>%-+.?@$*+9)E%)

#%",$KA)<-)/$@,+.)@+#)*"&")%'."*$A-)&%,)"B+()@"#")$&%-.$>$*"#),")#%,"*$A-)%-.#%)L"#*"&+#%')

L+,%*<,"#%') EES) 0) *"#"*.%#%') >%-+.$@$*+'() *+-) %,) @#+@A'$.+) &%) &%.%*."#) ,") !"#$"*$A-)

Q%-Y.$*")0)*+-)/"'%)%-)%,,")%'."/,%*%#)@#+Q#"L"')&%)L%F+#"L$%-.+)Q%-Y.$*+()<.$,$K"-&+)

,") '%,%**$A-) "'$'.$&") *+-) L"#*"&+#%'9) E%) +/'%#!A) J<%) ,") #%,"*$A-) %-.#%) L"#*"&+#%')

L+,%*<,"#%')1",%,+'8)*+-),+')*"#"*.%#%')>%-+.?@$*+'()!"#$A)&%)"*<%#&+)"),")%'."*$A-)&%,)

"B+9)

:")Z$Q<#")5[)*+##%'@+-&%)",)/$@,+.)J<%)#%,"*$+-")"),+')L"#*"&+#%')L+,%*<,"#%')*+-),+')

*"#"*.%#%')>%-+.$@$*+')&<#"-.%)%,)+.+B+9)E%)%-*+-.#A)J<%)%,)R4)%'.M)#%,"*$+-"&+)*+-),+')

",%,+')I5)0)P\)J<%)*+##%'@+-&%-)"),+')L"#*"&+#%')L+,%*<,"#%')]ZZ"WWI)0)]ZZ"W[P9)

C,) R^) '%) #%,"*$+-A) *+-) ,+') ",%,+') G() IP() [I() [P() PW) 0) GG() *+##%'@+-&$%-.%') ") ,+')

L"#*"&+#%'):REES4W5C5W()]ZZ"WW6()]ZZ"WI[()]ZZ"WIP()]ZZ"WI_)0)]ZZ"W779):+')

L"#*"&+#%'):REES4W54W7()]ZZ"WWI)0)]ZZ"W[W()#%@#%'%-."&+')@+#),+')",%,+')55()5\)

0) PI() '%) #%,"*$+-"#+-) *+-) %,) *"#M*.%#) S4^9) C,) RE``R) %'.<!+) #%,"*$+-"&+) *+-) ,+')

'$Q<$%-.%') ",%,+'H) 5W() 5P() I\) 0) GPa) ,+') *<",%') @%#.%-%*%-) ") ,+') L"#*"&+#%')

:REES4W54W7() :REESbW5N55() ]ZZ"WW6) 0) ]ZZ"WG69) :+') >"*.+#%') 5) 0) I) %O@,$*"-)

5[9[_)c) &%) ,") #%,"*$A-)L"#*"&+#D*"#M*.%#9) :+') >"*.+#%') 5) 0) I) '+-) %,) #%'<,."&+) &%) ,")

&%'*+L@+'$*$A-) /$,$-%",) +/.%-$&") &%) `UR() %-) &+-&%) ,+') =D*"'+') 155) !"#$"/,%') &%)

*+L@+-%-.%') L+#>+,AQ$*+'() J<%) *+##%'@+-&%-) ") ,+') *"#"*.%#%') >%-+.?@$*+'8) 0) ,"') ;D

<-$&"&%') 1G6)",%,+')J<%)*+##%'@+-&%-)")5[)L"#*"&+#%')L+,%*<,"#%'8) '%) #%@#%'%-."-)



!"#$ %&'("#&)$ &*$ +*$ &)!,'-"$ '"*$ !+*(")$ .&$ -*-'-"$ &*$ &/$ "#-0&*$ 12324$ 5$ !+*(")$ 6-*,/&)$

.&(&#7-*,.")$!"#$/")$%,/"#&)$.&$/")$',)")$1',#,'(&#&)$6&*"(8!-'")4$"$+*-.,.&)$1,/&/")$"$

7,#',."#&)4$19,#0,)3$:;;;4<$

$

=2<>

=2<?

=2<@

2<2

2<@

2<?

2<>

!

"
#$ %

&

'

(

)

!*

!!

!"

!#

!$

!%

!&

!'

!(

!)

"*

"!

""

"#

"%
"&

"'

")#*

#!

#

##

#$

#%

#&

#'

#(

#)

$!

$"

$#

$$

$%

$&

$'
$(

$)

%*
%!

%"

%#

%%

%&

%'

%(
%)

"$

"(

" $*

%$

+,-

./0

.+

121

12/

13

1/

144

53/

1231 12/1

12441

6789:0;!#<;=7>,?-;@A;4B1;AC:7D9AE7@?;E?C;%);0,A,?F;G;!!;

H0:70I,AF;JAC?-K>7E0FL;AC;,0;AF-0E7MC;@A;?-?N?<;

6
0
E
-?
:$
@
$

=2<> =2<? =2<@ 2<2 2<@ 2<? 2<>

60E-?:;!$

$

$

A*$ &/$ B-!/"($ .&$ /,$ &)(,'-C*$ .&$ -*%-&#*"$ 1D-0+#,$ :?4$ )&$ &*'"*(#C$ E+&$ &/$ FG$ &)(+%"$

#&/,'-"*,."$'"*$&/$,/&/"$H?3$'"##&)!"*.-&*(&$,/$7,#',."#$IDD,2H;<$A/$FJ$)&$,)"'-C$,/$

,/&/"$ @3$ ,(#-B+-B/&$ ,/$ 7,#',."#$ KFLLMG2:N:2<$ K")$7,#',."#&)$ IDD,22@3$ IDD,22;3$

IDD,2@?$ 5$ IDD,2H;3$ #&!#&)&*(,.")$ !"#$ /")$ ,/&/")$ @:3$ @O3$ PP$ 5$ HP3$ &)(+%-&#"*$

,)"'-,.")$ '"*$ &/$ FQQ<$ K")$ ,/&/")$ :H$ 5$ H?R$ .&$ /")$ 7,#',."#&)$ KFLLMS2:N::$ 5$

IDD,2H;3$)&$%-*'+/,#"*$'"*$/,$MGJ<$A/$',#T'(&#$FLJF$)&$#&/,'-"*C$'"*$/")$,/&/")$U$5$
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()!*+,-.)!/%!0)12!.232.241+)!)5!6+7589!:-2!.25)1+84)!)!58;!<).1)=8.2;!<8521-5).2;!184!

58;! 1).)192.2;! 32489>7+18;! =2! ?2.)48$! @5! 78.1249)A2! =2! .25)1+B4! <).1)=8.! <8521-5)."!

1).C192.! 32489>7+18D! =2! )1-2.=8! 184! 58;! 3)198.2;! /! E! 'D! 3-2! /&$F! G$! @5! <).1)=8.!

(HIIJK#/L/#D!.27.2;249)=8!78.!25!)5258!'D!;2!.25)1+84B!184!25!1).C192.!HM$!(8;!)5258;!

/'D! '/D! '%D! F#D! &%! E! NO! 18..2;784=+2492;! )! 58;! <).1)=8.2;! (HIIJK#/K#%D!

(HIIJK#/L/#D! P**)##'D! P**)##OD! P**)#'FD! P**)#F&! E! P**)#%%D! ;2! );81+).84!

184! HQQ$! @5! HIM! 7.2;249B! .25)1+B4! 184! 58;! )5258;! R! E! NSD! 72.92421+2492;! )! 58;!

<).1)=8.2;! (HIIJK#/@/#! E!P**)#%%$!@5! 1).C192.!HIKHD! ;2! );81+B! )5! )5258! /S! =25!

<).1)=8.!P**)##'$!@5!)5258!&&D!=25!<).1)=8.!P**)#F#!;2!.25)1+84B!184!25!HIMH$!
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()*! +,-.,/)-0*! +)10.21,-0*! .)3! 1,*! *451,*! (67789! 03! 01! .,*)! :,-;4.21,-! /01!

(6778<#=<#%9!>20!2;414?,/)!03!01!/0*,--)11)!@!.,-,.;0-4?,.4A3!/0!+,-.,/)-0*!/0!778!

:,-,!Lolium perenne, 1)*! -0*21;,/)*! )B;034/)*! 03! 0*0! 0*;2/4)! 43/4.,-)3! C20! /0;0.;)!

;-0*!,101)*!03!01!*2B5-2:)!:=D#E=='9!:-)50340!F=$!G3!01!,3H14*4*!/0!*0.203.4,*!/0!IJK!

/0!43/4L4/2)*!.1)3,/)*9!1)*!:-)/2.;)*!/0!,+:14>4.,.4A3!.)3>4-+,-)3!/0!1,!:-0*03.4,!/0!

778*!-0:0;4/)*9!03!;)/,*!1,*!0*:0.40*!:-)B,/,*!:,-,!01!1).2*!(6778<#=<#%9!,23C20!

778*!43;0--2+:4/)*!>20-)3!/0;0.;,/)*!03!;)/)*!1)*!;,M,*!,:,-;,/)*!/0!L. perenne @!L. 

multiflorum, 23!,1;)!5-,/)!/0!*0.203.4,*!/0!.)3*0-L,.4A3!>20!/0;0.;,/)!03!1,!-054A3!NO!

>1,3C20,/,9!,23C20!/4>0-03;0*!32.10A;4/)*!*4+:10*!@!L,-4)*!:,-0*!/0!:)14+)->4*+)!/0!
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!"#$%&!'"()$*$&!'"+ ,-$%."+ )!#/!"0-!).#+ 12%2+ &2)2+ $#1$&!$+ 34."$#+ et al., 566789+ :"+ $*+

1%$#$"/$+$#/-)!.+$*+;2%&2).%<*.&-#+=>??@A67A6B+#$+2#.&!'+&."+*.#+&2%2&/$%$#+@AC+

$"+ ./.D.+ E+>FF+$"+ G$%2".H+ *.+ I-$+ #-0!$%$+ I-$+ $#/$+;2%&2).%+ 1-$)$+ $#/2%+ *!02).+ 2+

$#/.#+%2#0.#+E+1-$)$"+$#/2%+$J1%$#K").#$+)$+;2"$%2+1.#!/!G2+.+"$02/!G2+)$L!).+2+*2+

!"/$%2&&!'"+0$"./!1.+J+2;L!$"/$9+:"+$*+&2#.+)$+@ACH+ *2+%$*2&!'"+;2%&2).%<&2%K&/$%+$#+

"$02/!G2H+ *.+I-$+1-$)$+2/%!L-!%#$+2+I-$+$"+$#/2+$#/2&!'"+)$*+2D.+#$+)2+-"2+%$)-&&!'"+

$"+*2+/$;1$%2/-%29+M."+%$#1$&/.+2*+>FFH+*2+%$*2&!'"+;2%&2).%<&2%2&/$%+$#+1.#!/!G2H+ *.+

I-$+ 1-$)$+ $#/2%+ %$*2&!."2).+ 2+ *2+ ;2)-%$N+ )$+ *2+ 1*2"/2H+ $#+ )$&!%H+ 1-$)$"+ $#/2%+

!"G.*-&%2).#+ 0$"$#+ )$+ #$"$#&$"&!2+ I-$+ &-2").+ $J!#/$+ &.")!&!."$#+ 2;L!$"/2*$#+

,2G.%2L*$#+3/$;1$%2/-%2H+O-;$)2)H+$)2)+)$+*2+1*2"/289+

:*+ 1.%&$"/2P$+ 2&-;-*2).+)$*+ ,2&/.%+ 7+ E+ 5+ $"+ *.#+ L!1*./#+ 1%$#$"/'+ -"+ %2"0.+)$+7595Q<+

7R9S5+ T+ 3-"2+ %5+ )$+ 69755Q+ 2+ 697RS58+ $"+ *2+ %$*2&!'"+ ;2%&2).%+ ;.*$&-*2%<+ &2%K&/$%+

,$"./U1!&.H+#$0V"+*2+$#/2&!'"+)$*+2D.9+:#/.#+G2*.%$#+#."+;$".%$#+2+*.#+%$1.%/2).#+1.%+

@.*)2"<+ @-!N+ et al. 356678H+ I-!$"$#+ !")!&2"+ -"2+ %$*2&!'"+ ;2%&2).%<0$"./!1.+ $"+

G2%!$)2)$#+)$+Lolium perenne+)$+R59W7+T+-/!*!N2").+XY=>#+E+QQ9QZ+T+&."+;2%&2).%$#+

??C#[+ )!&O.#+ 1.%&$"/2P$#+ #."+ 12%$&!).#+ 2+ *.#+ $"&."/%2).#+ 1.%+ A-,2+ et al. 3566Q8H+

I-!$"$#+.L#$%G2%."+-"2+%$*2&!'"+;2%&2).%<&2%K&/$%+)$+Q\+T+$"+&-*/!G2%$#+)$+/%!0.+%.P.+

)-%.+ )$+ !"G!$%".9+ X)$;K#H+ @.*)2"<+ @-!N+ et al. 356668+ $"+ -"+ $#/-)!.+ 12%2+ $#/!;2%+ *2+

&.",.%;2&!'"+ 0$"]/!&2+ $"+ G2%!$)2)$#+ )$+ Lolium -/!*!N2").+ XY=>#H+ %$1.%/2+ I-$+ *2+

G2%!2&!'"+/./2*+)$+*.#+;2%&2).%$#+;.*$&-*2%$#+&."+*.#+&-*/!G2%$#+,-$+Q7+T9+

=2+)!,$%$"&!2+$"&."/%2)2+$"+$*+1.%&$"/2P$+)$+*2+G2%!2&!'"+0$"]/!&2+)$+*2+%$*2&!'"+$"/%$+

;2%&2).%$#+;.*$&-*2%$#+E+&2%2&/$%$#+,$"./U1!&.#+$"+$*+1%$#$"/$+$#/-)!.H+,-$+;$".%+&."+

%$#1$&/.+2+*2#+./%2#+!"G$#/!02&!."$#H+ *.+I-$+1-$)$+$#/2%+2#.&!2)2+2*+/!1.+E+"V;$%.+)$+

;2%&2).%$#+ ;.*$&-*2%$#+ -/!*!N2).#H+ 2*+ "V;$%.+ )$+ 2*$*.#+ !)$"/!,!&2).#H+ 2+ *2#+

&.;L!"2&!."$#+ )$+ ;2%&2).%$#+ !;1*!&2)2#+ 3@.*)2"<+ @-!N+ et al., 5666L8H+ 2*+ &2%K&/$%+

,$"./U1!&.+$#/!;2).H+2*+"V;$%.+)$+1*2"/2#+$J2;!"2)2#+3^<+_9+=!-+et al., 7\\\8+E+)$+ *2+

!"/$%2&&!'"+0$"./!1.+`+2;L!$"/$+3a2%02#+et al., 7\\ZH+7\\\89+

M-2").+#$+$G2*V2"+1.%+G2%!.#+2D.#+)!,$%$"/$#+0$"./!1.#+&-*/!G2).#+$"+*2+;!#;2+N."2+.+

$"+ )!,$%$"/$#+ *.&2*!)2)$#H+ ".%;2*;$"/$+ ]#/.#+ %$#1.")$"+ )$+ ,.%;2+ )!#/!"/2+ 2+ *.#+

&2;L!.#+2;L!$"/2*$#+$"+$*+ *-02%+).")$+#$+)$#2%%.**2"H+ &.;.+1.%+$P$;1*.+2-;$"/.+.+
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!"#$"%&'"(%) *%) +,) -*$.*/,-&/,0) 12/,#) +&30) ./*'"."-,'"(%0) ./*#"(%) ,) .+,4,#) 5)

*%6*/$*!,!*#7)*%)'2%8&%-2)*#)+2)9&*)#*)'2%2'*)'2$2)"%-*/,''"(%)4*%2-".2):),$;"*%-*<)

=+)*#-&!"2)5)'2%2'"$"*%-2)!*)+,#);,#*#)4*%2->."',#)!*)+,),!,.-,'"(%)!*)+2#)4*%2-".2#),)

+,#) !"6*/*%-*#) '2%!"'"2%*#) ,$;"*%-,+*#) !2%!*) #*) ./&*;,%0) ,#>) '2$2) +,#) ',&#,)

,$;"*%-,+*#0) #2%) "$.2/-,%-*#) *%) +,) *?,+&,'"(%) !*) +,) /*+,'"(%) *%-/*) +2#) ?,+2/*#)

6*%2-"."'2#)5)4*%2->."'2#0)5,)9&*).*/$"-*%) +,)#*+*''"(%)!*)4*%2-".2#)#2;/*#,+"*%-*#)5)

*#-,;+*#)@A,/4,#0)BCCCD<)

!

"#!$%&'()*+%&,*!

=+).2/'*%-,8*)!*)?,/",'"(%)*%) +,) /*+,'"(%),+*+2E)',/F'-*/) 6*%2->."'2) 6&*)!"6*/*%-*)!*)!*)

&%,) *#-,'"(%) ,) 2-/,0) +2) 9&*) .&*!*) ,#2'",/#*) ,) +,) "%-*/,''"(%) 4*%2-".2E,$;"*%-*<) G2#)

.2/'*%-,8*#)!*)?,/",'"(%)#2%)#"$"+,/*#)*%-/*)*#-,'"2%*#0)'2%)&%)/,%42)!*)BH)5)IHJ<))

K+)#*+*''"2%,/)BL)$,/',!2/*#)!"#-"%-2#0)#*).&*!*%)!"#'/"$"%,/);"*%)+2#)$,-*/",+*#0)1,5)

.2',) '2//*+,'"(%) *%-/*) $,/',!2/*#) 5) %2) #*) .&*!*) *#.*/,/) 9&*) #*) *:.+"9&*) $&'1,)

?,/",'"(%0) +2)9&*)#"4%"6"',)9&*)+2#)$,/',!2/*#).&*!*%)*#-,/) +"4,!2#)2)%2),) +2#)/,#42#)

!*)"%-*/M#<)=#).2#";+*)9&*)1,5,)$,/',!2/*#)9&*)*#-M%)/*+,'"2%,!2#)'2%)4*%*#)9&*)#*)

*:./*#,%) *%) !"#-"%-2#) $2$*%-2#) !*+) '"'+2) !*) +,) .+,%-,0) .2/) *8*$.+2) $,/',!2/*#)

,#2'",!2#),)./2!&''"(%)!*)+"4%"%,0)*+2%4,'"(%0)6+2/,'"(%0)*-'<)N,5)9&*)-*%*/)*%)'&*%-,)

9&*) '2$2) #*) *#-&!",%) -2!2#) +2#) $,/',!2/*#) 5) ',/,'-*/>#-"',#) 6*%2->."',#)

#"$&+-F%*,$*%-*0) +2#) 2) +,#) 9&*) #*) *:./*#,%)$F#) *%) !*-*/$"%,!2)$2$*%-20) .&*!*%)

*%$,#',/,/) 2-/,#) 9&*) .&*!,%) #*/) $*%2#) "$.2/-,%-*#0) ,&%9&*) #") #*) ,%,+"3,/,%) !*)

62/$,) "%!"?"!&,+).2!/>,%)!*-*'-,/#*)'2$2) "$.2/-,%-*#<)O,/,) +,) "!*%-"6"','"(%)5)$,.*2)

!*)#*4$*%-2#)4*%($"'2#)*#.*'>6"'2#)#*).2!/>,%)'&+-"?,/)4*%2-".2#)./2?*%"*%-*#)!*)+,#)

.2;+,'"2%*#)4*%M-"',#)!"#.2%";+*#P)QI0) /*-/2'/&3,#0) +>%*,#)/*'2$;"%,%-*#0)./2;,/+,#)*%)

,$;"*%-*#)!"#-"%-2#)5)./2;,%!2)$,/',!2/*#)$2+*'&+,/*#)9&*)/*.*/'&-,%)*%)+2#)RSG#<)

T*) *%'2%-/,/2%) .2'2#) $,/',!2/*#) /*+,'"2%,!2#) '2%) ,+4&%,#) ',/,'-*/>#-"',#)

6*%2->."',#0) .2/) +2) 9&*) #*) '2%#"!*/,) %*'*#,/"2) /*,+"3,/) $F#) *#-&!"2#) 9&*) .*/$"-,%)

',/,'-*/"3,/) $*82/) +,#) /*+,'"2%*#) *%-/*) *+) 4*%2$,) 5) *+) 6*%2-".20) '2%) ;,#*) *%) +,)

#*+*''"(%) !*) +,#) '2?,/",;+*#) !*) '2?,/",;+*#)$F#) "$.2/-,%-*#) 9&*) *#-M%) ,6*'-,%!2) +,)

"%-*/,''"(%)4*%2-".2):),$;"*%-*0)&-"+"3,%!2)UVO)2)/*4/*#"2%*#)6,'-2/",+*#)"%!"?"!&,+*#<)
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"#$%&'()%*+%,-$.! /0! "01! 2030! 4%5,6*1! 708090! :'*51! 20;0! /-%#<&%! =! >0?0! /%-,@%0!

ABBC0!>%*<D'!EF'+<,*'G6#F,'!&<!#-%H@*<%5!I'--%D<-%50!JK,0!:<,!>KL0!CA!MANO!APQ(

ARP0!!

"GH%*.%!:0!>0!S0!ABBB0!?5+$&F'!,'HT%-%+FU'!&<!&FU<-5F&%&!#<*K+F,%!<*!+-F#'5!V%-F*<-'5!

&<! T-FH%U<-%! M! Triticum aestivum 90! <H0! JV<GGN! $+FGF.%*&'! ,'<IF,F<*+<5! &<!

T%-<*+<5,'!=!H%-,%&'-<5!H'G<,$G%-<50!J<5F5!&<!>%<5+-@%!<*!2F<*,F%50!2'G<#F'!

&<!:'5+#-%&$%&'50!>'*+<,FGG'1!J<L,','1!?5+%&'!&<!>KLF,'0!WP!T0!

"*&-K51!"0!ABBX0!?G!H<D'-%HF<*+'!#<*K+F,'!&<!G%5!<5T<,F<5!I'--%D<-%50!SYJ"0!X!T0!

"-$51!:0!%*&!80!>'-<*'(/'*.ZG<.0!Q[[\0!>%-]<-(!%55F5+<&!5<G<,+F'*0!S*!:G%*+!^-<<&F*#O!

:-F*,FTG<5! %*&! :-'5T<,+50! 7%=_%-&1! >0`01! Y0;! ^'5<H%-]! %*&! S0! 4'H%#'5%!

M?&5N1!2V%TH%*!%*&!7%GG1!9'*&'*0!TTO!QP(A[0!

^'G%-F,! )01! )0! ^%-+V1! "0! ?0! ><G,VF*#<-! %*&! a0b0! :'55<G+0! ABBX0! >'G<,$G%-!

,V%-%,+<-F.%+F'*! 'I! #<*<+F,! &FU<-5F+=! F*! ?$-'T<%*! #<-HTG%5H! 'I! T<-<**F%G!

-=<#-%550!?$TV=+F,%!QCPO!\P(CC0!

^-$HH<-1! ?0! 20! Q[[[0! 2%T+$-F*#! V<+<-'5F5! F*! I'-%#<! ,-'T! ,$G+FU%-! &<U<G'TH<*+0! 2-'T!

),F0!\[O[C\([XC!

^$-5+F*1! 80! %*&! "0! 2V%-,'55<+0! Q[[R0! 4<G%+F'*5VFT! E<+_<<*! TV<*'+=TF,! %*&! H%-]<-!

&F5+%*,<5O!+V<'-<+F,%G!%*&!<LT<-FH<*+%G!F*U<5+F#%+F'*50!7<-<&F+=!R[OCRR(CW\0!

2%,V6*1!"0!90!?01!70!Y<-=!/0!=!70!?0!2$%*%G'!&<! G%!20!Q[RP0!9'5!5$<G'5!&<G!Z-<%!&<!

F*IG$<*,F%!&<!2V%TF*#'0!2'G<#F'!&<!:'5+#-%&$%&'50!?Y"0!2V%TF*#'1!>KLF,'0!R[!

T0!

2%<+%*'("*'GGK51! /01! ^080! ^%55%H! %*&! :0>0! /-<55V'II0! Q[[R0! `Y"! %HTGFIF,%+F'*!

IF*#<-T-F*+F*#!$5F*#!5V'-+!%-EF+-%+=!'GF#'*$,G<'+F&<!T-FH<-50!^F'cJ<,V*'G'#=![OXX\(

XXR0!

2%HGF*1! >0! )0! =! "020! >,>F,V%<G0! Q[[B0! 4<#F5+-%+F'*! %*&! +<5+F*#! 'I! U%-F<+F<5! I$+$-<!

&<U<G'TH<*+51! d'&&<-! ,-'T5! E-<<&F*#O! %,VF<U<H<*+51! *'U<G! 5+-%+<#F<5! %*&!

EF'+<,V*'G'#=0!InO!"0:0>0!`<*FD51!"0!?G#<-5H%!M<&5N0!:$&',!:-<551!e%#<*F*#<*1!

JV<!Y<+V<-G%*&50!TTO!QBQ(QB[0!!
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!"#$%&'()*(+,,+*(-%.%/01(2"&0"/03.(".4(132"&0"/03.(0.("(5356$"/03.(37(/%/&"5$304(Dactylis 

8*("11%##03.#*(9:%3&(;55$(-%.%/*(<+=>?@A>BC*((

!"#$%&'()*(D*'(E*8*(F"$%#'(;*G*()1H$&3I'()*J*(J"$$'(8*D*(J377K".(".4(L*9*(8%"/:*(>MMM*(

-%.%/01( 5&3N&%##( 7&3K( CM( I%"&#( 37( 3&1:"&4N&"##( O&%%40.N( 0.( P3&/:( ;K%&01"(

K%"#6&%4(6.4%&(:"I(K"."N%K%./*(!&35(E10%.1%*(CM=+M+,A+M>?*(

!%&2"./%#'()*(!*(>MMQ*(D05$3K"43(%.(O03/%1.3$3NR"("5$01"4"("($"("N&016$/6&"'(K346$3(Q*(

;.S$0#0#( %#/"4R#/013( 4%( :6%$$"#( N%.TK01"#*( D%5"&/"K%./3( 4%( F0/3/%1.0"*(

U.02%&#04"4(;6/T.3K"(!:"50.N3*(!:"50.N3'(H#/"43(4%()VW013*(55=(@@ACB(

!:"&K%/'(-*( I(F*(X"$736&0%&*( +,,C*( Y#3ZIK%( 2"&0"/03.( ".4( #5%10%#( &%$"/03.#:05#( 0.( /:%(

N%.6#(Lolium 8*([&I%N&"##%#'(-&"K0.%"1%"%\*(9:%3&(;55$(-%.%/*(<Q=(BC+]BC,*(

!3&.04%'()*(9*( >MM>*()"&1"43&%#(K3$%16$"&%#=( .6%23#(:3&0Z3./%#(%.( $"( N%.V/01"( I( $"(

#%$%110T.(4%($"#(5$"./"#*(H4*(FV$0W(^"&%$"'(8"(J"O"."'(!6O"*(@BQ(5*(

!3#/"'()*(_*'(`*(X"//0#/"(I(!*(E%&T*(>MMC*(^%&4%3#(4%( 0.20%&.3(](G"0N&S#(;.6"$*( YP9;'(

X"$1"&1%'(;&N%./0."*(<(5*(

!&3##"'(`*'()*(^"&N"#'(F*;*(2".(H%6a0bc'(!*(`0".N'(-*d*(H4K%"4%#(".4(D*(J30#0.N/3.*(

+,,,*( Y./%&5&%/0.N( -%.3/I5%( e( H.20&3.K%./( Y./%&"1/03.( 0.( /&3501"$( K"0Z%( 6#0.N(

$0.c%4(K3$%16$"&(K"&c%&#(".4(%.20&3.K%./"$(132"&0"O$%#*(9:%3&*(;55$*(-%.%/*(,B=(

B++AB>?*(

D%K%c%'( 9*'( X*( E"#0c6K"&'( _*( J6$1( ".4( G*P*( !:0OO"&*( +,,Q*( G".43K( "K5$070%4(

53$IK3&5:01(DP;([G;_D\(0.(1%&%"$(0K5&32%K%./*()"I401"(C>=+@@A+C>*(

D3( ^"$$%'( X*( !*( >MM+*( -%.%/01( &%#36&1%#( 73&( /&3501"$( "&%"#=( "1:0%2%K%./#( ".4(

5%&#5%1/02%#*( In=(_&3!*(eYe( Y./*(-&"##$*(!3.N&%##*(X&"Z*(E31*(;.0K*(J6#O*(E"3(

_%4&3*(E"3(_"6$3A(X&"Z0$*(55=(CQQAC<>*(

D3&"./%#'( `*( `*( +,,Q*( H2"$6"10T.( 4%( $"( 0.1$6#0T.( 4%( 407%&%./%#( $%N6K0.3#"#( %.( $"(

"#310"10T.("2%."AO"$$013(O"b3(5"#/3&%3(%.( 0.20%&.3(%.(!:"50.N3'()VW013*(9%#0#(

5&37%#03."$*( D%5"&/"K%./3( 4%( f33/%1.0"*( U.02%&#04"4( ;6/T.3K"( !:"50.N3*(

!:"50.N3'()VW013*Q@(5*(

D6/:0$'( `*( +,,M*(_&346110T.(4%( 73&&"b%*( ?g( %4010T.'(H4()6.40A_&%.#"*()"4&04'(H#5"h"*(

55=(@+A@@*((
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!"#$%"&'( )*+*'( +*,*-*( .$%/0%'( -*( 1$23'( 4*( +560&( $6"( -*( )$%7*( 899:*( ;<=%5&$>022<>0(

2<?%$%<0&( 06%<=@0"( A5%( &0B0%$2( C<=%5&$>022<>0( &0DE06=0&( <6( 72$6>&*( .<5>0=@6<DE0&(

FGHIJKLIJ9*(

!6M20&'( +*(;*(;*'( N*O*( O$5'( -*,*1*( .%5#6( $6"(;*P*( +$=/&56*( FGGF*(;$6$M<6M( Q2$6>(

R060><=(1<B0%&<>3*(4-.S(QE?2<&@<6M'(T)*(UKI(7*(

!B$6&'( V*P*( 899K*( W00"<6M( P06( .<22<56H( Q2$6>&( $6"( Q57E2$><56( R%5#>@*( 4$C?%<"M0*(

T6<B0%&<>3(Q%0&&(4$C?%<"M0*(T)*(F:U(7*(

W-X'( 899K*( P@0( Y>$>0&( 5A( >@0( Z5%2"[&( Q2$6>( R060><=( O0&5E%=0&( A5%( W55"( $6"(

-M%<=E2>E%0'(W-X*(O5C0'(S>$23*(J8G(7*(

W0%%0<%$'(;*(3(1*(R%$>>$7$M2<$*(899K*(S6>%5"E==<\6($2(E&5("0(C$%=$"5%0&(C520=E2$%0&(06(

02($6]2<&<&(M06^><=5*(8$(0"*(!C?%$7$L406$%M06*(.%$&<2<$*(FFG(7*((

W5%&>0%'(W*'(!*(+560&'(O*()_22</0%'(;*(1%$3>56'(+*(1EC&"$3'(;*(1E7$2'()*(RE>@%<"M0'(`*(

;5@5603'( N$6( a<b22'( !*( +56M( $6"( )*( YC<>@*( FGG8*( 10B0257C06>( $6"(

<C720C06>$><56(5A(C520=E2$%(C$%/0%&(A5%(A5%$M0(=%57(<C7%5B0C06>*(S6H(;520=E2$%(

?%00"<6M( 5A( A5%$M0( =%57&*( !"*( Y7$6M06?0%M*( )2E#0%( -=$"0C<=( QE?2<&@0%&*( 77H(

8G8L8cc*(

W5%&>0%'( +*( Z*'( !*Y*( +560&'( +*( .$>203( $6"( )*W( YC<>@*( FGGU*( ;520=E2$%( C$%/0%L?$&0"(

M060><=($6$23&<&(5A(7$&>E%0($6"(>E%A(M%$&&0&*(S6H(,57/<6&'(-*'(a*d*(Z$6M'(O*(;<$6'(

;*(Y20"M0($6"(O*!*(.$%/0%(e0"&f*(;520=E2$%(?%00"<6M(5A(A5%$M0($6"(>E%A*()2E#0%(

-=$"0C<='(15%"%0=@>*(77H(89IgFc9*(

W5%&>0%'( +*( Z*'( !*Y*( +560&'( )*W*( YC<>@'( )*;*RE>@%<"M0'( ;*Q( 1E7$2'( Y*( ,5#20>>'( V*+*(

,EM@0&'(Y*(R$%B<0( $6"(4*(Q%0&>56*( FGGJ*(;520=E2$%(C$%/0%( >0=@6525M3( A5%( >@0(

&>E"3(5A(M060><=(B$%<$><56($6"(=5C7$%$><B0(M060><=&( <6(7$&>E%0(M%$&&0&*( S6H(-*)*(

Y@$%C$'( -*( Y@$%C$( e0"&f( Q@$60%5M%$C&*( Q2$6>( M065C0H( ?<5"<B0%&<>3( $6"(

0B52E><56'(N52(8(7$%>(.*(Y=<06=0(,0%0A5%"*(77H(889g8JJ*(

R$2<=<$( +*;*( 3( 1*d*4*( Q%$"5*( FGGK*( !B$2E$=<\6( "0( %06"<C<06>5( 3( =5C75606>0&(

C5%A52\M<=5&("0(M065><75&("0(Lolium perenne(3(Lolium multiflorum(06(4@$7<6M5'(

!&>$"5( "0(;^h<=5*( P0&<&( Q%5A0&<56$2( 107$%>$C06>5( "0( a55>0=6<$*( T6<B0%&<"$"(

-E>\65C$(4@$7<6M5*(4@$7<6M5'(;^h<=5*(IG(7*((
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!"#$%"&'()'*+,,)'-./010$"$0.234'"5'404637"'/3'$5"4010$"$082'$507960$"'/3':..;32'<;"#"'

"/";6"#5.'"'5"4'$.2/0$0.234'/3'5"'#3;=>50$"'73?0$"2"@)'A"'3/)'-B?0$.'C)D)'E*F';)'

!"#$%"&'G)'EHHA)'IJ3K.'LJ560K"#'/3'MN3O#"44P'Q('*+RAS")'G.#2"/"'/3';"46J#"4&'43#03'/3'

"$60K0/"/34'/3'/01J4082'I.)'T,H)'UIUV&'W#JOJ"N)'TH';)'

!X"#0"20&'Y)&'I)'Z#010RD"#"X&'-)'LX"[#.J2&'Y)'-"#OX"50'"2/'-)'-"##"[$X0)'EHHT)'!32360$'

/0K3#406N' 02' ZJ2040"2' ;3#3220"5' #N3O#"44' #3K3"53/' >N' UYYM' 7"#[3#4)' !32360$4'

M34.J#$34'"2/'L#.;'(K.5J60.2'SHP,H+R,*S)'

!05505"2/&'Z)'G)&'M)'L.55'M&'()'L"54N2&'-)'C3'Q..43&'-)G)Z)'K"2'(0\['"2/'M.5/92R'MJ0])'

EHHH)'(4607"602O'O32360$'$.21.#706N'>36^332'#35"63/'#N3O#"44'<Lolium) K"#036034)'

*)'-.#;X.5.ON'"2/'>0.$X370$"5'$X"#"$63#0]"60.2)'-.53$J5"#'_#33/02O'`PS`+RS,H)'

!.5/46302&' C)&' "2/' L)' Y$X5.63#3#)' *+++)' -0$#.4"6355063P' (K.5J60.2' "2/' V;;50$"60.24)'

a?1.#/'W20K3#406N'b#344'U2$)&'a?1.#/&'Ic)';;P'ESRTF)'

!.^3#&' G)' L)' "2/' C)G)' d"2/)' *++`)' _0;5.64)' -.2.O#";X4' .2' Y6"60460$4' "2/' V;;503/'

b#.>">0506N'SA)'LX";7"2'"2/'d"55&'Q.2/.2&'W:)'EFF';)'

!J3K"#"R'!"#$%"&'V)&'Q)'d3##3#"R'(46#355"&'"2/'!)'a573/.R'V5K"#3]')'*++F)'L5.202O'1#.7'

O32.70$'CIV'"2/';#./J$60.2'.1' 50>#"#034)' U2)'-)'Y)'L5"#[' <(/)@'b5"26'7.53$J5"#'

>0.5.ONR"'5">.#"6.#N'7"2J"5)'Y;#02O3#&'I3^'c.#[)';;P'SARFT'

!J;6"&'b):)'"2/'M):)'e"#4X23N)'EHHA)'L3#3"5'O32.70$4P'"2'.K3#K03^' U2P'!J;6"&'b):)'

"2/'M):)'e"#4X23N'<3/4@)'L3#3"5'O32.70$4)':5J^3#'V$"/370$'b#344&'C.#/#3$X6)'

ZX3'I36X3#5"2/4)'`T+';)'

d"773#&':)'EHHT)'V';"#"/0O7'4X016'02'6X3'/04$0;5023'.1';5"26'O32360$'#34.J#434)'!3236)'

M34.J#)'L#.;)'(K.5)'ATP'TTFRTA*)'

d"22"^"N&' C)&' Y)' D#"2432&' G)' L#.;;3#&'-)' Z335&' -)' LX"23N&' Z)' !#0OO4&' M)' d"543&' G)'

d"#6&' b)' LX33[3&' C)' d"2432&' M)' :502O3#' "2/' f)' Q"23)' *+++' <"@)' b3#3220"5'

MN3O#"44)'a#3O.2'Y6"63'W20K3#406N)'a#3O.2'W)Y)V)'bIf'SHT)'

d"22"^"N&' C)&' Y)' D#"2432&' G)' L#.;;3#&'-)' Z335&' -)' LX"23N&' Z)' !#0OO4&' M)' d"543&' G)'

d"#6&'b)'LX33[3&'C)'d"2432&'M)':502O3#'"2/'f)'Q"23)'*+++'<$@)'a#$X"#/'!#"44)'

a#3O.2'Y6"63'W20K3#406N)'a#3O.2'W)Y)V)'bIf'SHE)'

d"N^"#/&' -)C)&' I)G)' -$V/"7&' G)!)' G.234&' L)' (K"24&' !)-)' (K"24&' G)f)' D.#463#&' V)'

W4602&' :)!)' d.44"02&' _)' gJ"/3#&' -)' Y6"773#4' "2/' G)V):)' f055)' *++A)' !32360$'
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!"#$%#&' "()' *+%' &%,%-*./(' /0' 12"(*.*"*.3%' *#".*&' .(' 0/#"4%' 4#"&&%&5' 627+8*.-"5'

99:;<=>;9?5'

@"8A"#)B' C5DB' E5F5' G/#&*%#B' E5H5' E/(%&B' I5' D/,&*#"B' J5' 6"(&B' K5E5' C-L)"!B' M5H5'

@/&&".(B'C5'N*"!!%#&B' E5L5M5'F.,,B'C5I5'@2!7+#%8&'"()'H5C5'O==P5'H%(%*.-&'

"(",8&.&' /0' Lolium: Q)%(*.0.-"*./(' /0' ,.($"4%' 4#/27&' "()' *+%' %&*"R,.&+!%(*' /0'

4%(%*.-'!"75'S,"(*'T#%%)5'OO9:U?O>U??5'

@%"*+B' 65'CB'V5G5' T"#(%&' "()'G5'C%*-",0%5' O=P?5' G/#"4%&:' W+%' &-.%(-%' /0' 4#"&&,"()'

"4#.-2,*2#%5'U*+'6).*./(5'Q/A"'N*"*%'X(.3%#&.*8'S#%&&5'L!%&B'Q/A"B'X5N5L5'77:'OY<>

OU?5'

@%((.(4B'E5'"()'K5'V.&(%#5'O==Y5'I#-+"#4#"&&5'D%7"#*"!%(*'/0'L4#/(/!8B'X(.3%#&.*8'/0'

C.&&/2#.>J/,2!R."5'L4#.-2,*2#",'72R,.-"*./('HZU?OO5''

@%77B'M5J5'"()'G5N5'H"()%#"*&5';ZZYB'C%-"(.&!/&')%'-#%-.!.%(*/')%'Lolium perenne, 

Festuca arundinacea y Dactylis glomerata' %(' ,"' [/("' .(*%#!%)."' )%' L(&\,5'

L4#.-2,*2#"'W\-(.-"'QNNK'ZY<?>;PZ95'<Y]Y^:;?=>;<?5'

@%#(_()%[>H"#"85' L5B' J5' C"**+%A' "()' E5' @/)4&/(5' O==95' 600%-*' /0' &7#.(4' 4#"[.(4'

!"("4%!%(*'/('7%#%((.",'#8%4#"&&'"()'#8%4#"&&>'A+.*%'-,/3%#'7"&*2#%&5';5'W.,,%#'

"()' 4#/A.(4' 7/.(*' )%(&.*.%&' "()' 7/72,"*./(' )8("!.-&5' K%A' `%","()5' E5' L4#.-5'

V%&5'UZ:Y9>?Z5'

@/)4&/(B'E5'O==<5'J/(*#/,')%'-/(&2!/')%'+.%#R"5'In:'N%!.("#./'.(*%#("-./(",'W%a#.-/>'

S#_-*.-/:'Wa7.-/&'&%,%-*/&'%R'&.&*%!"&'&2&*%(*"R,%&')%'7#/)2--.a('"(.!",'R"b/'

7"&*/#%/5'G"-2,*")')%'C%).-.("'c%*%#.("#."'8'`//*%-(."5'XKLC5'C\d.-/5'77:'UO>

?U5''

@/%,[%,B'L5'V5'"()'L5'H#%%(5'O==;5'L(",8&.&'/0'7/72,"*./(>,%3%,'3"#."*./('R8'&%12%(-.(4'

SJV>"!7,.0.%)' DKL5' In5' L5' V5' @/%,[%,' ]6)5^' C/,%-2,"#' 4%(%*.-' "(",8&.&' /0'

7/72,"*./(&'"'7#"-*.-",'"77#/"-+5'IQVe'S#%&&B'Id0/#)5'O?=>OP<'775'

@/.&.(4*/(B'D5'L5'O=P=5'F/#$.(4',.($"4%'!"7&5'C".[%'H%(%*5'J//75'K%A&,%**%#'<Y:'OUO>

O?O5'

@/.&.(4*/(B' D5B' C5' M+".#",,"+' "()' D5' H/([",%[>)%>e%a(5' O==U5' e"R/#"*/#8' S#/*/-/,&:'

JQCCfW'L77,.%)'C/,%-2,"#'H%(%*.-&' e"R/#"*/#85'N%-/()'6).*./(5'C%d.-/B'D5G5'

JQCCfW5'O;Z'75''
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!"#$%&!'%&(')'&*$+,-./+0%&*')'&*++12+0%&3'&45+.6$7%&8'9'&:0$;<=>12&$,?&@'A'&A>60.?/+'&

BCCD'&E=FG$0$7.=,&=#&G2+,=7;G.1&$,?&F=H+1"H$0&F$06+0I&<$>+?&1H$>>.#.1$7.=,>&=#&

2$0?&0+?&J.,7+0&52+$7&1"H7.K$0>'&A"G2;7.1$&LMDNLOOILMP'&

!"##%&4'&8'&LQQR'&89(4&12$0$17+0.>$7.=,&=#&2+7+0=/+,+=">&G+0+,,.$H&0;+/0$>>&1"H7.K$0>'&

E0=G&)1.'&ORN&DDRSDPM&

T.$,;$,/&U."&V')'&BCCD'&V=0G2=H=/.1$H&$,?&/+,+7.1&K$0.$7.=,&5.72.,&G+0+,,.$H&0;+/0$>>&

WLolium perenne U'X& Y2+>.>& 4=17=0& .,& )1.+,1.+'& )12==H& =#& 72+& Z2.=& )7$7+&

[,.K+0>.7;'&LBO&G'&&

T.I\.& ]2$,/& $,?& ]+,/I\"& J$,/'& BCCR'& E2$G7+0& OBN& 8+1+,7& $?K$,1+>& .,& F=H+1"H$0&

<0++?.,/& =#& #=0$/+& 10=G>& #=0& .FG0=K+?& ?0="/27& $,?& >$H7& >70+>>& 7=H+0$,1+N& V'9'&

T+,6>& et al WA?>X'& 9?K$,1+>& .,& F=H+1"H$0& <0++?.,/& 7=5$0?& ?0="/27& $,?& >$H7&

7=H+0$,7&10=G>'&)G0.,/+0'&(GN&RQRI^LR'&

T=,+>&A')'%&V'&4'&4"G$H%& T'& U'&4"F>?$;%& U'T'&!"/2+>& $,?& T'J'&_=0>7+0'& WBCCB<X'&9,&

))8I<$>+?& /+,+7.1& H.,6$/+& F$G& #=0& G+0+,,.$H& 0;+/0$>>& WLolium perenne U'X'&

Y2+=0'&9GGH'&:+,+7'&LCDN&DRRID^M'&

T=,+>%& E'T'%& @'T'& A?5$0?>%& )'& E$>7./H.=,+%& V'Z'& J.,#.+H?%& _'& )$H$%& :'& `$,?+5.+H%& *'&

*0+?+F+.a+0%&*'&`=>F$,%&V'&V$772+>%&9'&4$H;%&8'&*0+77>12,+.?+0%&('&*+77.,.%&V'&

*".$77.%&A'&V$+>70%&9'&V$H1+K>12.%&b'&V$0F.0=H.%&8'&9+07%&:'&`=H16$+07%&T'&8"+?$%&

8'& U.,1$+0=%& 9'& `$>c"+-& $,?& 9'& @$0G'& LQQR'& 8+G0=?"1.<.H.7;& 7+>7.,/& =#& 89(4%&

9_U(& $,?& ))8&F$06+0>& .,& GH$,7>& <;& $& ,+75=06& =#& A"0=G+$,& H$<=0$7=0.=>'&V=H&

*0++?'&ONO^LIOQC'&

T=,+>%& A'& )'%& V'('& 4"G$H%& 8'& @=HH.6+0%& V'E'& 40$;7=,& $,?& T'J'& _=0>7+0'& BCCL'&

4+K+H=GF+,7&$,?&12$0$17+0.>$7.=,&=#&>.FGH+&>+c"+,1+& 0+G+$7& W))8X&F$06+0& #=0&

G+0+,,.$H&0;+/0$>>&WU=H."F&G+0+,,+&U'X'&Y2+=0&9GGH&:+,+7'&LCBNMCDIMLD'&

T=,+>%& A')'%& b'U'& V$2=,+;%& V'4'& !$;5$0?%& 3'('& 90F>7+$?%& T':'& T=,+>%& V'Z'&

!"FG20+;>%&3'('&@.,/%&Y'&@.>2.?$%&Y'&\$F$?$%&_'&*$H#="0.+0%&E'&E2$0F+7&$,?&T'J'&

_=0>7+0'& WBCCB$X'& 9,& +,2$,1+?& F=H+1"H$0& F$06+0I<$>+?& F$G& =#& G+0+,,.$H&

0;+/0$>>& WLolium perenne U'X& 0+K+$H>& 1=FG$0$7.K+& 0+H$7.=,>2.G>& 5.72& =72+0&

(=$1+$+&>G+1.+>'&:+,=F+%&MDN&B^BIBQD'&
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!"#$%&'()(%&*(+(&,-#&*./0%&1"#2&-#3&4(5(&*-267#(&899:(&;<=$>-66=6(&?#@&A76=>%&B(5(%&

C(;(& D"E27#& -#3& A(C(& 4-6F=>& G536H%& 477FI6=-67#& J7>-$=& $>-66=6(& )K=>.L-#&

M7L.=2<&7J&)$>7#7K<(&A-3.67#(&NN@&:OPQ:R8(&

S.>.$T.%& +(& A(%& !(4(& UT7#.2V=>%& A()(;(& A.-#%& *(& U=#$IW"& -#3& A(4(& M-X-(& YOOZ(&

A.L>76-2=FF.2=& K->0=>6& -#3& $=#=2.L& 3.,=>6.2<& -66=66K=#2& .#& Lolium perenne. 

'=#=2(&;=67">(&4>7N&5,7F(&PP@8OPI88R(&

S#"36=#%&1(&YOOO(&C.>=L27>.7&3=&L7F=LL.7#=6&3=&$=>K7NF-6K-&=#&)K[>.L-&B-2.#-&<&=F&

4->.\=(&]>.K=>-& =3.L.^#(& ?#2=>#-2.7#-F& NF-#2& $=#=2.L& >=67">L=6& ?#62.2"2=& G?]';?H%&

;7K-%&?2-F.-(&_:9&N(&

S`FF.0=>%&;(%& +(!(&M2-3=FK-##%&D(&;=.3<& -#3& !(&a`6\=>$=>(& 8999(&'=#=2.L& ,->.-\.F.2<& 7J&

J7>-$=&$>-66&L"F2.,->6@&)&L7KN->.67#&7J&Festuca pratensis 1"36(%&Lolium perenne 

B(%&-#3&Dactylis glomerata B(&5"NX<2.L-8O:@&Y:8QYbO 

S7>=2X%& !(%& !(!& cdB=-><& -#3& !(& AL'==(& 899:@& A.L>76-2=FF.2=& -#3& $=#7K.L& -#-F<6.6(&

;=,.=T&->2.LF=(&!(&]-2X7F7$<&8bZ@Y_9IRZ(&

S"\.0%& 4(%& *()(& A=<=>%& -#3& D(M(& '-"2(& 8999(& )66=66.#$& 2X=& -\"#3-#L=& -#3&

N7F<K7>NX.6K& 7J& 6.KNF=& 6=e"=#L=& >=N=-26& .#& N=>=##.-F& ><=$>-66(& 4>7N& ML.(&

_9@88_:I88R8(&

S"\.0%& 4(%&A(& M-T0.#6%&*()(&A=<=>& -#3& D(M(& '-"2(& YOO8(&'=#=2.L& 3.,=>6.2<& .#& 6=,=#&

N=>=##.-F& ><=$>-66& GLolium perenne B(H& L"F2.,->6& \-6=3& 7#& MM;&K->0=>6(& 4>7N&

ML.(&R8@8P:PI8PbY(&

B=.K=>-%&'(&YOO8(&5L7NX<6.7F7$<&7J&$>-66F-#36(&)6N=L26&7J&J7>-$=&NF-#2&N7N"F-2.7#6&.#&

$>-V=3&6T->36(&In@&]>7L(&?f?&?#2(&'>-66F(&47#$>=66(&D>-V(&M7L(&1"6\(&M-7&]=3>7(&

M-7&]-"F7I&D>-V.F(&NN@&Y9I_b(&

B=6.L-%& ](%& -#3& +*(& )FF=#37>(& 8999(& 5L7F7$.L-F& $=#=2.L& -#3& 2X=& >=627>-2.7#& 7J& NF-#2&

L7KK"#.2.=6@&A.E&7>&K-2LXg&47#6=>,=(&'=#=2(&R@PZ8IP9_(&

B."%& U(&h(%& W(& ]=.& -#3& U(& !(& ]"(& 8999(& ;=F-2.7#6X.N& \=2T==#& X<\>.3& N=>J7>K-#L=& -#3&

$=#=2.L&3.,=>6.2<&\-6=3&7#&;)]C&K->0=>6& .#&TX=-2%&Triticum aestivum B(&]F-#2&

D>==3.#$&88Z@889I8Y_(&

B776%&D(&](&899_(&A7>NX7F7$.L-F&,->.-2.7#&.#&Lolium G]7-L=-=H&-6&-&K=-6">=&7J&6N=L.=6&

>=F-2.7#6X.N6(&]F-#2&M<62&5,7F(&8ZZ@ZbI99(&
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!"#$%&'!('!(')'*('+('*$,-./%-(0112('*3/45667"8'4$'9/33-:$')';$<7..-'4$.'=-..76/'-85-.'>L. 

multiflorum' !(?'$8'+@.-'A-B-6-('C$;7;'*3/9$;7/8-.('D$#-3@-<$8@/'4$'E//@$687-('

F87G$3;74-4'H5@"8/<-'IJ-#78K/('IJ-#78K/&'LMB76/('NO'#('

L-7P/&' Q(&' L(' R5:7</37' -84' S(' I-7(' T22N(' T' R/3-K$' I3/#;(' U$8/<$' <-##78K' -84'

</.$65.-3'=3$$478K'78'#.-8@;('I('V/.$'>+4?('W#378K$3XY$3.-6&'Z$3.78('##['\0XN\('

L-.4/8-4/'U('U('T22]('+G-.5-67"8'</39/."K76-&'4$'3$847<7$8@/')'97./K$87-'6/8'=-;$'$8'

<763/;-@$.7@$;'>WW^?'4$'K$8/@7#/;'4$'=-..76/'>Lolium perenne'!(';;#('multiflorum'

>!-<(?' S5;8/@?&' =-..76/' J7=374/' >Lolium hybridum?' )' #-;@/' /G7../' >Dactylis 

glomerata' !(?' $8' IJ-#78K/&' LMB76/(' C$;7;' *3/9$;7/8-.(' D$#-3@-<$8@/' 4$'

E//@$687-('F87G$3;74-4'H5@"8/<-'IJ-#78K/('IJ-#78K/&'LMB76/('NO'#(''

L$84/%-' L(' U(' D(' 011T(' F@7.7%-67"8' 4$' 3$;745/;' -K3_6/.-;' $8' .-' -.7<$8@-67"8' 4$'

35<7-8@$;'$8'#-;@/3$/('L$</37-;'4$.'653;/'F`HISXIQ+WXU/=(IJ7;('I$8@3/'4$'

Q8G$;@7K-67/8$;' +6/."K76-;' 4$.' W53$;@$(' W-8' I37;@"=-.' 4$' .-;' I-;-;&' IJ7-#-;&'

LMB76/('N]'#('

L78;/8&' a(' 0112(' R/3-K$' 78' 35<78-8@' 85@37@7/8(' H6-4$<76' #3$;;&' Q`I(' W@(' !567-&'

b5$$8;.-84&'H5;@3-.7-('##['T22XT\O('

L73:-.7.7&'W('H(&'W(a('Z$88$@@'-84'+('*//3-%7%7('T22]('H'#J$8$@76'-8-.);7;'/8' @J$'K$85;'

Lolium >*/-6$-$?'78'Q3-8('*.-8@'W);@'+G/.('TNc['T2OXT2]('

L/..$3&'L('-84'd('W#//3('011O('D7;637<78-@7/8'-84'74$8@7976-@7/8'/9'Lolium ;#$67$;'-84'

65.@7G-3;'=)'3-#74'WDWX*HU+'$.$6@3/#J/3$;7;'/9';$$4';@/3-K$'#3/@$78;('W$$4'W67'

C$6J8/.('T0[T0OeTTO'

L5;.$3-' ^(&' +(' )' I(' U(' ^-@$3-(' 0110(' *3-4$3-;' )' R/33-:$;&' *3/45667"8' )'

H#3/G$6J-<7$8@/('+47@/37-.'L5847X*3$8;-('L-4374&'+;#-,-('fNO'#('

`$7&'L('01N]('+;@7<-@7/8'/9'-G$3-K$'J$@$3/%)K/;7@)'-84'K$8$@76'47;@-86$'93/<'-';<-..'

85<=$3'/9'7847G745-.;('U$8$@76;']1[\]OX\12('

`5$%&' R' )' a(L(' I-337../(' T222(' !/;' <-36-4/3$;' K$8M@76/;' $8' .-' <$:/3-' G$K$@-.('

F87G$3;74-4'*/.7@M6876-'4$'Y-.$867-&'Y-.$867-('\]2'#('

`5,$%&' S(U(&' ^(' L-3@_8$%' )' D(U(' U-36_-(' 0110(' Y-./3' 85@3767/8-.' 4$.' =-..76/' -85-.' )'

#$3$88$[' #3/45667"8' )' 5@7.7%-67"8' 4$' #3-4$3-;' 4$' =-..76/;' -85-.' )' #$3$88$('
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!"#$%&'()*')+",'(-+./0+1"2)!3!4567)6/8'991")*')5%-'/./7)5.:/(0/9+'"-'(2);;<)==>

=?2)

@9($"7)A2)B27)C2D2)C&+-E7)F2G2)6E+99+;()/"*)A2)G2)B/0'#+'9*2)=HHI2)5"":/9)/"*);'%'""+/9)

%J'.%/(()%';$%-2)K"+,'%(+-J)$#)L'"-:0MJ7)N$99'.')$#)5.%+0:9-:%'2)I);2)

@%-+O7)P2)62)=HHQ2)R,/9:/0+1")*')0$&;$"'"-'();%$*:0-+,$()*')STS).'"$-+;$()*')8/99+0$)

/":/9) ULolium multiflorum B2V) '") NE/;+".$7) PWX+0$2) F'(+() ;%$#'(+$"/92)

G';/%-/&'"-$) *') Y$$-'0"+/2) K"+,'%(+*/*) 5:-1"$&/) NE/;+".$2) NE/;+".$7)

PWX+0$2)Z?);2)

@(-'%.//%*7) [27) A2) 3+'9('") /"*) [2) \$E/"('"2) SZQ?2) A'"'-+0) ,/%+/-+$") +") 0:9-+,/%() $#)

*+;9$+*) %J'.%/((7) Lolium perenne) /"*) L. multiflorum7) /-) #+,') '"OJ&') (J(-'&(2)

FE'$%)5;;9)A'"'-2)IZ<THZ>T=S2))

6/9:&8+7)C2)D2)SZZI2)3:09'+0)/0+*()!!2)FE');$9J&'%/(')0E/+")%'/0-+$"2)!"<)[+99+(7)G2P27)N2)

P$%+-O) /"*) ]2) L2) P/89') UR*(2V2) P$9'0:9/%) (J(-'&/-+02) C+"/,'%) 5(($0+/-'(7) !"02)

P/((/0E:('--(7)KC52);;<)=H?>=T^2))

6'/0$0M7) \2)P2) SZ^?2) F'&;'%/-:%') /"*) 9'/#) .%$_-E) +")Lolium perenne<) !!) FE') (+-') $#)

-'&;'%/-:%');'%0';-+$"2)\2)5;;2)R0$9$.J2)S=USV<SS?>S=`2)

6$_'997)a27)P2)P$%./"-'7)N2)5"*%'7)P2)[/"/#'J7)\2)b$.'97)C2)F+".'J)/"*)52)D/#/9(M+2)

SZZI2)FE')0$&;/%+($")$#)D4B67)D56G7)54B6)/"*)CCD)U&+0%$(/-'99+-'V)&/%M'%()

#$%).'%&;9/(&)/"/9+(J(2)P$92)]%''*2)=<==?>=`Q2)

D/#/9(M+7)\2)527)\2P2)b$.'97)P2)P$%./"-'7)a2)6$_'997)N2)5"*%')/"*)C2b2)F+".'J2)SZZI2)

A'"'%/-+".) /"*) :(+".) G35) &/%M'%() +") ;9/"-(2) !"<) 3$">&/&&/9+/") .'"$&+0)

/"/9J(+(<)/);%/0-+0/9).:+*'2)]+%%'"7)]7)/"*)R2)B/+)U'*(V2)50/*'&+0)6%'(()!"027)C/")

G+'.$2);;<)^?>S`?2)

D'8$99'*$7)D2)[2)[2)=HH=2)P/":/9)C5C);$%)0$&;:-/*$%/7)/"c9+(+()'(-/*d(-+0$()*')*/-$()

'X;'%+&'"-/9'(2)6%+&'%/)'*+0+1"2)R*+-$%+/9)F%+99/(2)PWX+0$)G242)=HQ);2)

D$9*c">D:+O2) !27)G'"*/:_7)\27)b/")]$0M(-/'9'7)R27)G';+0M'%7)52)J)G')B$$(')P2)=HHH/2)

54B6)&/%M'%() %','/9) E+.E) ;$9J&$%;E+0) %/-'() +") %J'.%/(('() ULolium (;;2V2)P$92)

]%''*2)I<)S=?eS`T2)
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!"#$%&'!()*+, -.+, /., 01#23&+, 4.5., 6)##)#1&$+, !., 0"##+, 7.5.4., 81&, /)9:, 1&$,7., ;<, =""2<.,

>???@., /2A)B1A)&C, C<&<A)D, D"&E"FB)A3, @<AG<<&, F<#1A<$, F3<CF122, HLoliumI,

J1F)<A)<2.,--.,KL=M,DN1F1DA<F)*1A)"&.,7"#.,OF<<$.,PQRSTUP?>,

!"#$%&'!()*+,-.+,L.K.,J1&,/<(G)9:+,4.5.,6)##)#1&$+,M.,;(@F<()#+,0.,;)##B1&&+,5.,=1##<B1&$+,

7., ;<, =""2<, 1&$, 0.M., O1F)#., >??V., K, D"BW1F1A)J<, 2A($3, "E, B"#<D(#1F, 1&$,

B"FWN"#"C)D1#, B<AN"$2, "E, $<2DF)@)&C, F<#1A)"&2N)W2, @<AG<<&, W<F<&&)1#, F3<CF122,

HLolium perenne =.I,J1F)<A)<2.4N<"F.,KWW#.,6<&<A.,V?TQVVTX'VVR?.,

Y1N1+,7.0.+,7.K.!.,7)1&+,-.,/(913#+,5.0.,ZG"&)A*<F+,=.,[1&C,1&$,6.;.,713.,>??\.,41##,

E<2D(<, /Y4'YY!, B1F:<F2, G)AN, AF1&2E<F1@)#)A3, 1DF"22, 2<J<F1#, CF122, 2W<D)<2.,

4N<"F.,KWW#.,6<&<A.,V?SQ]XTU]SV,

Y^()FF<##+,5.,M.7._"##)&C2G"FAN+,7.,[""$N<1$+,5.,!(22<##+,K.=.,="G<+,7.,6)@@3,1&$,[.,

M"G<##.,>??T.,_"G,B(DN,<EE"FA,)2,F<^()F<$,A",)2"#1A<,&(D#<1F,B)DF"21A<##)A<2,EF"B,

W#1&A2`,7"#.,/D"#.,V>QVTTS'VT\X.,

YA<)&<F+,5.5.+,/.,M)DD)"&)+,7.,L1#D)&<##),1&$,K.,=)2A"&.,VSSX.,6<FBW#12B,$)J<F2)A3,1B"&C,

D(#A)J1F2,1&$,AN<,aM6Y,DF)B2"&,D#"J<F,D"##<DA)"&.,0F"W,YD).,TXQ>PT'>]V.,

41@1F<2+,=., -.,VSSR.,M1AFb&,$<,F<2W(<2A1,$<#,@1##)D", )A1#)1&", HLolium multiflorum =1B.I,

J1F)<$1$, G<2A<FG"#$2+, 1, $)E<F<&A<2, <2AF1A<C)12, $<, D"FA<., 4<2)2, WF"E<2)"&1#.,

;<W1FA1B<&A", $<, Z""A<D&)1., c&)J<F2)$1$, K(Ab&"B1, 0N1W)&C"., 0N1W)&C"+,

7de)D".,XX,W.,

41(A*+,;.,VSXS.,_3W<FJ1F)1@)#)A3,"E,2)BW#<,2<^(<&D<,12,1,C<&<F1#,2"(FD<,E"F,W"#)B"FWN)D,

;aK,B1F:<F2.,a(D#<)D,KD)$2,!<2.,V]Q,P\PT'P\]V.,

81#1$<*+, /., 3, 6(&A<F+, f., >???., _(<##12, $<, K;a, <&, C<&"B12, $<, W#1&A12, HA<"Fg1, 3,

WF"A"D"#"2, $<, #1@"F1A"F)"I., /$)A"F)1#, 7(&$)'MF<&21., c&)J<F2)$1$, K(Ab&"B1,

0N1W)&C"+,7de)D".,V\],W.,

81&'O<(&)&C<&+, =.4., 3, !._., O(2DN., VSS]@., 6<&<A)D, $)J<F2)A3, 1B"&C, a"FAN, KB<F)D1&,

2WF)&C,GN<1A,D(#A)J1F2Q, ---.,0#(2A<F,1&1#32)2,@12<$,"&,^(1&A)A1A)J<,B"FWN"#"C)D1#,

AF1)A2.,0F"W,YD).,T]QSXV'SXX.,

81FC12+, 7., 5.+, f., 0F"221+, 7., Y13F<+, !<3&"#$2+, 7., /., !1BgF<*, 1&$, 7.41#@"A., VSSX.,

-&A<FWF<A)&C, C<&"A3W<, h, <&J)F"&B<&A, )&A<F1DA)"&, )&, GN<1A, (2)&C, W1FA)1#, #<12A,

2^(1F<2,F<CF<22)"&.,0F"W,YD).,TXHTIQP]S'PXS.,
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!"#$"%&' ()' *)' +,,,)' *-$#-%./0' 12#' 340.32%' 56"7#"72%' 1"#5."8-%9' 1#21.-7"7' :'

"18.5"5.20-%)' ;-%.%' 7-' <25=2#"72' -0' >.-05."%)' ?%1-5."8.7"7' -0' ?%="74%=.5")'

>28-$.2'7-'@2%$#"76"72%)'A20=-5.882&';-B5252'?%="72'7-'ACB.52)'+,D'1)'

!"#$"%&'A)'E)&' E)'>#2%%"&'F)G)'H"0'?-6I.JK&'A)?)'*"34#-L'"07'M)'N":#-)'+,,,)'O%.0$'

1"#=."8' 8-"%=' %P6"#-%' #-$#-%%.20&' Q"5=2#."8' #-$#-%%.20' "07' GAAR' 327-8%' Q2#'

.0=-#1#-=.0$'S-02=:1-'B'?0H.#203-0='.0=-#"5=.20)'>#21'N5.)'T,9',UUV,DW)'

!"#%X0-:'*)'M)&';)'A"X-07"#&'*)M)'G$$"#I"8' "07'G)'Y2#0-#)' Z[[W)'>X"1=-#' Z9'S-0.5'

A28-568"#' A"#K-#%' .0' 18"0=%9' 7-H-8213-0=' "07' "118.5"=.20%)' GH".8"\8-' .09'

S-023.5%V'G%%.%=-7'>#21'R31#2H-3-0='+9+TVZ,)''

!-8"%52V]-\"7^"&' A)?)&' S)G)' (-#0_07-L' :' ()!)G' S20L_8-L)' Z[[+)' >6#H"' 7-'

5#-5.3.-0=2':'"56368"5./0'-%="5.20"8'7-'1"%=2'2H.882'`Dactylis glomerata a)b';C5)'

@-5)'ACB)'T,9+V+c)''

!-8"%52V]-\"7^"&'A)?)&'S)G)'(-#0_07-L':'()!)G)'S20L_8-L)'Z[[U)'*-07.3.-0=2':'H"82#'

06=#.=.H2'7-8'\"88.52'1-#-00-'`Lolium perenne a)b'-0'#-%16-%="'"'8"'Q#-56-05."'7-'

52#=-)';C5)'@-5)'ACB)'cT`Zb9ZcWVZUd)'

!-8"%52V]-\"7^"&' A)' ?&' S)G)' (-#0_07-L' :' ()!)G)' S20L_8-L)' Z[[W)' >"3\.2%' -0'

523120-0=-%'7-8'#-07.3.-0=2'7-'60"'1#"7-#"'7-'\"88.52'1-#-00-&'-0'#-%16-%="'"'

8"'Q#-56-05."'7-'52#=-)'*-H)'F.=2=-5)'ACB)'T[`+b9W,VdW)'

!.5-0=-&'@)'Y)'Z[[c)'*-07.3.-0=2'7-'Q2##"J-'-0'"H-0"':'\"88.52'"06"8'520'7.Q-#-0=-'0.H-8'

7-' 0.=#/$-02' :' -%=#"=-$."' 7-' 568=.H2)' ;-%.%' 1#2Q-%.20"8)' <-1"#="3-0=2' 7-'

]22=-50.")'O0.H-#%.7"7'G6=/023"'>X"1.0$2)'>X"1.0$2&'ACB.52)'119'+dVUT)'

e"0$&'])&'G)'(21K.0%':'*)'A."0)'Z[[+)'F2#"$-'"07'=6#Q'$#"%%'\.2=-5X0282$:)'>#.=)'*-H)'
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ANEXOS 

Anexo 1. Datos climatológicos de temperatura, precipitación y humedad relativa. 

!

Figura 1. Temperatura máxima, media y mínima (°C) mensual, de octubre de 2007 a 

septiembre de 2008 en Chapingo, México. 

 

 

Figura 2. Precipitación (mm) mensual, de octubre de 2007 a septiembre de 2008. 

 

 

Figura 3. Humedad Relativa (%) mensual, de octubre de 2007 a septiembre de 2008. 



Anexo 2. Arreglo de los genotipos en campo.  

 

Repetición 2   Repetición  3  

Hilera 1  Hilera 2   Hilera 3  Hilera 4 

Surco 30   Surco 31   Surco 90   Surco 91 

Surco 29.  Genotipo 10  Surco 32. Genotipo 1   Surco 89. Genotipo 10   Surco 92. Genotipo 12* 

Surco 28   Surco 33   Surco 88    Surco 93  

Surco 27  Surco 34   Surco 87   Surco 94 

Surco 26.   Genotipo 7  Surco 35. Genotipo 5   Surco 86.  Genotipo  2   Surco 95.   Genotipo  2 

Surco 25  Surco 36   Surco 85    Surco 96  

Surco 24  Surco 37   Surco 84   Surco 97 

Surco 23. Genotipo 6  Surco 38.   Genotipo 4   Surco 83.   Genotipo 4   Surco 98. Genotipo 1 

Surco 22   Surco 39   Surco 82   Surco 99 

Surco 21   Surco 40   Surco 81   Surco 100 

Surco 20. Genotipo 9  Surco 41. Genotipo 8   Surco 80. Genotipo 3   Surco 101. Genotipo  8 

Surco 19  Surco 42   Surco 79   Surco 102. Genotip 11* 

Surco 18  Surco 43   Surco 78   Surco 103 

Surco 17. Genotipo 3  Surco 44.   Genotipo  2   Surco 77.   Genotipo 7   Surco 104. Genotipo 3 

Surco 16  Surco 45    Surco 76   Surco 105 

Repetición 1     Repetición 4     

Surco 15  Surco 46   Surco 75   Surco 106 

Surco 14. Genotipo 6  Surco 47. Genotipo 1   Surco 74. Genotipo 5   Surco 107. Genotipo 6 

Surco 13   Surco 48   Surco 73   Surco 108  

Surco 12  Surco 49   Surco 72    Surco 109 

Surco 11.  Genotipo 10  Surco 50. Genotipo 8   Surco 71. Genotipo 9   Surco 110. Genotipo 7 

Surco 10   Surco 51   Surco 70   Surco 111 

Surco 9  Surco 52   Surco 69   Surco 112 

Surco 8.   Genotipo 4  Surco 53. Genotipo 3   Surco 68. Genotipo 3   Surco 113. Genotipo 10 

Surco 7  Surco 54   Surco 67   Surco 114  

Surco 6  Surco 55   Surco66   Surco 115 

Surco 5.   Genotipo 7  Surco 56. Genotipo 5   Surco 65. Genotipo 4   Surco 116. Genotipo 1 

Surco 4  Surco 57   Surco 64   Surco 117 

Surco 3    Surco 58    Surco 63     Surco 118 

Surco 2.   Genotipo  2  Surco 59. Genotipo 9   Surco 62. Genotipo 2   Surco 119. Genotip 12* 

Surco 1    Surco 60   Surco 61   Surco 120  

*Genotipos de relleno. 

 

 

 



Anexo 3. Valores promedio por mes de corte para las variables de componentes 

morfológicos. 

 

 

 



 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 



Anexo 4. Valores de X-loadings y Y-scores por cada estación. 

 

 

 

 

 

 



 

 

 

 


