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ABSTRACT
 
Organic amendments combined with the sowing of gramineous grasses are e!ective for the early 
protection of burnt soils (BS) but cannot restore soil N status to pre-"re level; this has led to interest 
in combining their use with N2 "xer legumes. #e e!ectiveness of applying poultry manure (PM; 2 
Mg ha-1) and sowing legumes (Lotus corniculatus, Lupinus polyphyllus and Trifolium repens) for the 
early protection of BS was compared with that of applying PM + Lolium perenne and growing these 
four species without PM in a 3-month pot experiment, which also included a control consisting of 
an unburnt soil (US). In US, the shoot and root biomass increased as follows: Trifolium ~ Lotus << 
Lolium < Lupinus. Compared with those grown in US, plants grown in BS were smaller and weaker 
in three species (Lupinus, Lolium and Trifolium). #e reverse was true for the four species grown in 
BS+PM, which showed the bene"ts of PM addition. In all the treatments, plant N uptake, which 
prevents soil-N losses, increased as follows: Trifolium ~ Lotus < Lupinus < Lolium. #e lack of nodules 
observed suggested that none of the legumes "xed atmospheric-N2.

RESUMEN 
Las enmiendas orgánicas combinadas con la siembra de gramíneas son efectivas para la protección temprana de los 
suelos quemados (SQ) pero insu!cientes para restaurar el estatus pre-incendio del N-edá!co, lo cual deriva en el 
interés de emplear dichas enmiendas en combinación con leguminosas !jadoras de N2. La utilidad de la gallinaza 
(G, 2 Mg ha-1) y la siembra de leguminosas (Lotus corniculatus, Lupinus polyphyllus y Trifolium repens) para la 
protección temprana de SQ se comparó con la de G + Lolium perenne y esas cuatro especies sin G en una experiencia 
en invernadero durante tres meses que también incluyó un suelo control no quemado (NQ). En NQ, la biomasa de 
tallos y raíces aumentó en el orden Trifolium ~ Lotus << Lolium < Lupinus. Comparadas con las de NQ, las plan-
tas de SQ fueron más pequeñas y débiles en tres especies (Lupinus, Lolium y Trifolium), mientras que en las cuatro 
especies ensayadas la biomasa aérea y subterránea fue mayor en SQ+G, demostrando los bene!cios de la adición de 
gallinaza. En todos los tratamientos, la asimilación de N por las plantas, que previene las pérdidas de N del suelo, 
aumentó en el orden Trifolium ~ Lotus < Lupinus < Lolium. La ausencia de nódulos sugiere que ninguna de las 
leguminosas !jó N2 atmosférico.
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RESUMO 
A aplicação combinada de materiais orgânicos com gramíneas tem demonstrado ser e!caz na protecção precoce de 
solos queimados (SQ), embora não su!cientemente e!caz para restaurar o “status” inicial de N no solo antes da 
ocorrência de incêndios "orestais. Assim, parece justi!car-se a aplicação combinada de materiais orgânicos com cul-
turas leguminosas !xadoras de N atmosférico. Num estudo, conduzido em estufa durante 3 meses, com o objectivo 
de protecção precoce de um solo queimado (SQ), comparou-se o uso de estrume de galináceos (G, 2 Mg ha-1) em 
combinação com as leguminosas (Lotus corniculatus, Lupinus polyphyllus y Trifolium repens), com G + Lolium 
perenne e ainda o uso dessas quatro espécies sem G. Como controlo foi usado um solo não queimado (NQ). No NQ 
veri!cou-se um aumento de caules e raízes seguindo a ordem Trifolium ~ Lotus << Lolium < Lupinus. Compa-
radas com as NQ as plantas de SQ apresentavam um porte inferior e eram mais frágeis nomeadamente no caso 
de três espécies (Lupinus, Lolium y Trifolium), enquanto que para as quatro espécies ensaiadas a biomassa aérea 
e subterrânea foi maior em SQ+G demonstranto os benefícios da adição de estrume de galináceos. Para todos os 
tratamentos, a absorção do N pelas plantas, que previne perdas de N do solo, aumentou segundo a ordem Trifolium 
~ Lotus < Lupinus < Lolium. A ausência de nódulos sugere que nenhuma das leguminosas !xou N2 atmosférico.
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[ EVALUATION OF LEGUMES AND POULTRY MANURE FOR THE EARLY PROTECTION OF BURNT SOILS ]

1. Introduction
D(70E(#"!, $#",.&",.E, 2F",A.!2,G(0"!/#"$0,$&0,
!"4"#", E$+2.#!, 2F$2,0")#$0", 2"##"!2#($7, "+.!H!
2"A!,6H,2#())"#(&),(A/.#2$&2,7.!!"!,.E,!.(7,$&0,
&32#("&2!, BI(&$H$, "2, $7*, ;???J, KF.A$!, "2, $7*L,
;???J,M",N3(!,"2,$7*,;??OC*,KF",(&+#"$!"0,/.!2P
E(#", !.(7, "#.!(.&, #(!QL, +7.!"7H, #"7$2"0, G(2F, 2F",
/#./.#2(.&,.E,6$#",!.(7, BR")$,"2,$7*,;??<CL,+.&
2(&3"!,2.,6",$,2F#"$2,3&2(7,4")"2$2(.&,+.4"#,F$!,
#"+.4"#"0,BK$!Q"H,"2,$7*,:S>>C*,5!,G(70E(#"!,+$&,
0#$!2(+$77H, #"03+", 2F",!.(7, !""0!,6$&QL,&$23#$7,
#"P4")"2$2(.&,.E,63#&2,!.(7!,(!,0"7$H"0,$77.G(&),
2.,7.!!"!,.E,$!F"!,$&0,!.(7,B-F$&07"#,"2,$7*,:S>OJ,
-$!$7,:SS;J,T$#$+.,"2,$7*,:SSOJ,RUVW3"V,"2,$7*,
:SSXC*,KF"#"E.#"L,!.(7,#"P4")"2$2(.&,A3!2,6",+$#
#("0,.32,$!,!..&,$!,/.!!(67",$E2"#,G(70E(#",2.,#"
03+",!.(7,0$A$)",BRUVW3"V,"2,$7*,:SSXJ,M",N3(!,
"2,$7*,;??OC*,M3",2.,(2!,6"&"E(+($7,"EE"+2!,.&,Q"H,
!.(7, +F$#$+2"#(!2(+!, B!.(7, $))#")$2(.&L,A(+#.6($7,
A$!!,$&0,$+2(4(2HL,&32#("&2,+H+7"!L,!2$6(7(V$2(.&,
.E,2F",$!F,7$H"#L,"2+*C,$&0,.&,2F",#"+.4"#H,.E,2F",
4")"2$2(.&, +.4"#L, .#)$&(+, $A"&0A"&2!, +.A
6(&"0,G(2F,)#$A(&".3!,/7$&2,!.G(&),F$!,6""&,
G(0"7H,+.&!(0"#"0,$!,$,/#.A(!(&),2"+F&(W3",E.#,
2F", "$#7H, /#.2"+2(.&,.E, 63#&2, !.(7!, BRUVW3"V, "2,
$7*, :SSXJ,R(77$#, "2, $7*, :SS>J,-$!2#., "2, $7*, ;???J,
93"##"#., "2, $7*, ;??:J,Y"H"#, "2, $7*, ;??ZJ, R(77$#,
"2, $7*, ;??ZJ, R(77$#, "2, $7*, ;??<C*, 5A.&), .#)$&(+,
$A"&0A"&2!L, R(77$#, "2, $7*, B:SS>C, E.3&0, 6"22"#,
/7$&2,)#.G2F,#$2"!,(&,$,63#&2,!.(7,$A"&0"0,G(2F,
/.372#H,A$&3#",$!,+.A/$#"0,G(2F,+$227",!73##H,
.#,!"G$)",!730)"J,A.#".4"#L,-$!2#.,"2,$7*,B;???C,
#"/.#2"0,2F$2,/.372#H,A$&3#",)#"$27H,"&F$&+"0,
)#$A(&".3!,/7$&2,)#.G2F,"4"&,$2,7.G,0.!"!,B:PZ,
Y), F$1C, "&.3)F, 2., "&!3#", (2!, 2"+F&(+$7L, "+.
&.A(+$7, $&0, "+.7.)(+$7, $//7(+$6(7(2H, .&, 63#&2,
E.#"!2, "+.!H!2"A!*,[.G"4"#L, 2F(!, 2"+F&(W3", (!,
(&!3EE(+("&2, 2., #"+.4"#, 2F", /#"PE(#", !2$23!, $&0,
0(!2#(632(.&,.E,!.(7,.#)$&(+,\,B-$!2#.,"2,$7*,;??=C*,

].2F,I$/$4$!!(7(.3,$&0,5#($&.32!.3,B:SSOC,$&0,
RUVW3"V,"2,$7*,B:SSXC,F$4",#"/.#2"0,2F$2,$!F,7$H
"#,+.&0(2(.&!,.E,63#&2,!.(7!,0.,&.2,(&F(6(2,&.037",
E.#A$2(.&, (&, 7")3A"!*,5++.#0(&), 2.,["&0#(+Q!,
$&0,].#(&), B:SSSCL, $2A.!/F"#(+,\;, E(^$2(.&, 6H,
F"#6$+".3!,7")3A"!,+.370,+.3&2"#6$7$&+",2F",
7.!!"!,.E,!.(7,\,03",2.,G(70E(#"!,6"+$3!",2F"!",
/7$&2!, $#", &.2, F$#4"!2"0, $&0, 2F"(#, 6(.A$!!,
G(77,6", (&+.#/.#$2"0, 2., 2F",!.(7,.#)$&(+,A$22"#*,
KF"#"E.#"L, 2F", 3!", .E, F"#6$+".3!, 7")3A"!, (&,
/.!2PE(#",!.(7,#"4")"2$2(.&,+.370,F"7/,2.,#"!2.#",

2F",\,/..7,(&,63#&2,"+.!H!2"A!*,Y$&H,7")3A"!,
$#",E(#",2.7"#$&2L,.#,"4"&,/H#./FH2"!,$!,Genista 

scorpiusL, Cytisus scopariusL, Ulex europaeus 

$&0, Ulex parviflorus, BR_7"V, :S>XJ, Y.#(2V, $&0,
@4(F#$, :SS>J, N8/"V, R(7$, ;??OCL, $&0, 2F"(#, /"#
!(!2"&+",(&,$&&3$77H,63#&2,)#$!!7$&0!,!3))"!2!,
2F$2, 2F"H, $#", $&, (A/.#2$&2, !.3#+", .E,\, 2., 2F",
"+.!H!2"A,BK.G&",$&0,`&$//,:SSXC*,Y.#".4"#L,
(&,#")37$#7H,63#&"0,$#"$!,2F",0(!2#(632(.&,$&0,0(
4"#!(2H,.E,7")3A"!,$#",F()F"#,2F$&,(&,$#"$!,7"!!,
E#"W3"&27H,$EE"+2"0,6H, E(#"!, BK.G&",$&0,`&$//,
:SSXJ,[$(&0!,"2,$7*,:SSSC*,KF",/#"!3A$67H,F()F,
/.!2PE(#",!.(7,\,$4$(7$6(7(2H,+.370,7(A(2,\;PE(^$2(.&,
$+2(4(2HL, "!/"+($77H, (&, 7")3A", !""07(&)!,GF(+FL,
3&7(Q",2F",#"!/#.32!L,0.,&.2,F$4",(AA"0($2",$+
+"!!, 2., 6"7.G)#.3&0, !2.#"0, +$#6.&, (&, +.$#!",
#..2!, B-$!$7!, "2, $7*, ;??<C*,].2F, !""07(&)!, $&0,
#"!/#.32!,$+W3(#"0,A.!2,.E,2F"(#,\,E#.A,2F",$2
A.!/F"#",GF"&,)#.G(&),(&,$,!.(7,G(2F,A.0"#$2",
\,+.&2"&2,$&0,$4$(7$6(7(2H,BO*S,),Q)1,!.(7, (&,2F",
2./,<,+A,$&0,ZXP<>,A),\,Q)1,!.(7,A(&"#$7(V"0,
3&0"#,E("70,+.&0(2(.&!,03#(&),2F",E(#!2,S,A.&2F!,
$E2"#,E(#"L,!"",-$!$7!,"2,$7*,;??<CJ,F.G"4"#L,"4(
0"&+", E.#, 2F"!", #"!372!, 2., 6", )"&"#$7(V"0, 2.,
+.AA"#+($7, 7")3A",!/"+("!,$&0a.#,63#&2,!.(7!,
G(2F,F()F, 7"4"7!,.E, (&.#)$&(+,$&0,2.2$7,\, (!,!2(77,
7$+Q(&)*

KF", $(A, .E, 2F(!, #"!"$#+F, G$!, 2., "4$73$2", 2F",
3!"E37&"!!,.E,/.372#H,A$&3#",$A"&0A"&2,+.A
6(&"0, G(2F, +.AA"#+($7, F"#6$+".3!, 7")3A"!,
E.#, 2F",/#.2"+2(.&, $&0, #"+3/"#$2(.&, .E, $, 63#&2,
!.(7,G(2F,F()F,\,+.&2"&2,$&0,$4$(7$6(7(2H*,KF#"",
7")3A"!,G"77,$0$/2"0,2.,!.(7!,$&0,+7(A$2(+,+.&
0(2(.&!,.E,2F",2"A/"#$2",F3A(0,#")(.&,G"#",!"
7"+2"0b,Lotus corniculatusL,Lupinus polyphyllus 
$&0,Trifolium repensJ,A.#".4"#L,2F","^/"#(A"&
2$7, 0"!()&, $7!., (&+730"!, Lolium perenne  as  a 
#"E"#"&+",!/"+("!,03",2.,(2!,G(0",3!",(&,!(A(7$#,
"^/"#(A"&2!*
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2. Materials and Methods
@.(7,!$A/7"!

c&63#&2,!.(7,!$A/7"!,G"#",2$Q"&,E#.A,2F",5,F.
#(V.&,B?P:<,+A,0"/2FC,.E,$,!$&0HL,6$!",0"!$23
#$2"0,cA6#(!.7,.4"#,)#$&(2",3&0"#,Pinus pinas

ter,5(2.&,7.+$2"0,$2,@$7)3"(#$!,[(77,B9$7(+($L,\D,
@/$(&CL,GF"#",2F",A"$&,$&&3$7,2"A/"#$23#",$&0,
/#"+(/(2$2(.&,$#",:O*=,d-,$&0,:,O<?,AAL,#"!/"+
2(4"7HL,$&0, 2F"#",G"#",&.2, #"+"&2, E(#"!, B/#"+"0
(&),;?,H"$#!C*,@(^,!$A/7"!L,GF(+F, #"/#"!"&2"0,
$,2.2$7,.E,;Z?,Q),.E,!.(7L,G"#",2$Q"&,$2,#$&0.A,
E#.A,$,!3#E$+",$#"$,.E,:,???,A;L,A(^"0,2.,.6
2$(&,$,+.A/.!(2",!$A/7"L,!("4"0,$2,Z,AA,$&0,
2F.#.3)F7H,F.A.)"&(V"0*,KF",3&63#&2,!.(7,G$!,
$+(0(+, B/[`-7, Z*?CL, +.&2$(&"0,XX*X,),-,Q)

1, !.(7,
$&0,Z*O:,),\,Q)1,!.(7*,@.(7,G$!,F"$2"0,$2,O><,
d-,E.#,:?,A(&,(&,$,7$6.#$2.#H,E3#&$+",B/#"F"$2"0,
2.,2F(!,2"A/"#$23#"C,3&0"#,/#.)#$AA"0,+.&0(
2(.&!,!(A37$2(&),2F.!",.E,F()F,!"4"#(2H,G(70E(#"!,
BT"#&U&0"V,"2,$7*,:SS=C*

I.372#H,A$&3#"

I.372#H,A$&3#", BIYC,G$!,.62$(&"0,E#.A,$&, (&
03!2#($7,E$#AL,+.77"+2"0,$2,#$&0.A,(&,/7$!2(+,6$)!,
O,0$H!,6"E.#",2F",6")(&&(&),.E,2F","^/"#(A"&2,
$&0,Q"/2, (&, $, #"E#()"#$2.#, $2, Z, d-*,]"E.#",3!"L,
/.372#H, A$&3#", G$!, 2F.#.3)F7H, F.A.)"&(V"0,
$&0L, $E2"#, #"A.4(&), 6(), E"$2F"#!L, !36!$A/7"!,
G"#",!7()F27H,+F.//"0,$&0,2F"H,G"#",!("4"0,BeZ,
AAC, $&0, F.A.)"&(V"0, $)$(&*, I.372#H,A$&3#",
+.&2$(&"0,O*Z<f,.E,2.2$7,\,$&0,?*ZZf,.E,(&.#
)$&(+,\*

R")"2$2(4",/.2,"^/"#(A"&2

KF","^/"#(A"&2,G$!,#3&,(&,$,)#""&F.3!"L,3&0"#,
&$23#$7, (773A(&$2(.&*,I.22"#H,/.2!, B:=,+A,0($A
"2"#L, :Z, +A,F()FL, ;;=, +A;, !3#E$+"C,G"#", E(77"0,
G(2F,:,Q),.E,0#H,!.(7,$&0,2G"74",2#"$2A"&2!,G"#",
!"2,3/b,O,!.(7,2#"$2A"&2!,B3&63#&2,!.(7L,c@J,63#&2,
!.(7,G(2F.32,/.372#H,A$&3#"L,]@J,$&0,63#&2,!.(7,
G(2F,$,0.!","W3(4$7"&2,2.,;,Y),F$1,.E,0#H,/.37
2#H,A$&3#"L,]@gIYC,$&0,Z,/7$&2,!/"+("!,BLotus 

corniculatusL,Lupinus polyphyllusL,Trifolium re

pens  or Lolium perenneC*, KF#"", #"/7(+$2"!, /"#,
2#"$2A"&2,G"#",A$0"*,KF",/.372#H,A$&3#",0.!",
G$!,2F$2,#"+.AA"&0"0,6H,-$!2#.,"2,$7*,B;???C,
$++.#0(&), 2., +.!2, 2., 6"&"E(2, +#(2"#($*, 1&, "$+F,
/.2L,::=,!""0!,G"#",!.G&,G(2F.32,/#")"#A(&$

2(.&,$&0,+.4"#"0,G(2F,$,?*<,+A,!.(7, 7$H"#L,/#"
4(.3!7H,A(^"0,G(2F, 2F",/.372#H,A$&3#",0.!", (&,
2F",]@gIY,2#"$2A"&2!*,577,/.2!,G"#",6#.3)F2,2.,
=<f,.E,!.(7,G$2"#PF.70(&),+$/$+(2H,$&0,G$2"#"0,
)#$4(A"2#(+$77H, 2., 2F(!,A.(!23#", 7"4"7, "4"#H,:P;,
0$H!L,$!,&"+"!!$#H*,5E2"#,O,A.&2F!,.E,)#.G(&),
B@"/2"A6"#P\.4"A6"#C, !F..2!,$&0, #..2!,G"#",
!"/$#$2"7H, +#.//"0L, 0#("0, $2, X?, d-L, G"()F"0,
$&0, E(&"7H, )#.3&0, B<?P:??, AAC, (&, $, !2$(&7"!!,
!2""7,6$77,A(77*

IFH!(+$7,$&0,+F"A(+$7,$&$7H!"!

KF",0#H,A$22"#,+.&2"&2,.E,!.(7!L,/.372#H,A$&3#",
$&0,/7$&2!,G$!,$!!"!!"0,6H,.4"&P0#H(&),E#"!F,
A$2"#($7, $2, ::?, d-, E.#, <, F*, @.(7, G$2"#PF.70(&),
+$/$+(2H,G$!, 0"2"#A(&"0, (&, $, h(+F$#0!,A"A
6#$&"P/7$2","^2#$+2.#,$2,$,/#"!!3#",+.##"!/.&0
(&),2.,$,A$2#(^,/.2"&2($7,.E,:?,QI$*

KF", /7$&2, $&0, !.(7, 2.2$7, \, G$!, A"$!3#"0, .&,
E(&"7H,)#.3&0,!$A/7"!,G(2F,$&,"7"A"&2$7,$&$7H
!"#,Bi5C*,h"7($6(7(2H,.E,2F",2.2$7,\,$&$7H!"!,G$!,
4"#(E("0,6H,+F"+Q(&),$,+"#2(E("0,!2$&0$#0,Bi3#.
R"+2.#, @*/*5*L,Y(7$&.L, 12$7HC, (&, "4"#H, !"2, .E, :?,
$&$7H!"!*

@2$2(!2(+$7,$&$7H!"!

M$2$, G"#", !2$2(!2(+$77H, $&$7H!"0, 6H, 2G.PG$H,
5\jR5,BG(2F,/7$&2,!/"+("!,$&0,!.(7,$!,E$+2.#!C,
$&0, 2F", N"4"&"k!, 2"!2, G$!, 3!"0, E.#, 4"#(EH(&),
2F","W3$7(2H,.E,4$#($&+"!,$A.&),)#.3/!*,1&,2F",
+$!",.E,F.A.+"0$!2(+(2HL,!()&(E(+$&2,0(EE"#"&+"!,
$A.&), 2F", A"$&, )#.3/!, G"#", "!2$67(!F"0, $2,
/e?*?<,3!(&), 2F",].&E"##.&(k!, 2"!2, E.#,A372(/7",
+.A/$#(!.&!*,j2F"#G(!"L,2F",.#()(&$7,0$2$,G"#",
!36l"+2"0,2.,-.^P].^,2#$&!E.#A$2(.&!,$&0,2F"&,
!()&(E(+$&2,0(EE"#"&+"!,$A.&),2F",A"$&,)#.3/!,
G"#", "!2$67(!F"0, $2, /e?*?<, 3!(&), 2F", ].&E"#
#.&(k!, 2"!2, E.#,A372(/7",+.A/$#(!.&!*,@2$2(!2(+$7,
/#.+"03#"!,G"#",/"#E.#A"0,G(2F,@I@@,:<*?,E.#,
D(&0.G!*,
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3. Results
1##"!/"+2(4"7H, .E, 2F", /7$&2, /$#2, +.&!(0"#"0,
B!F..2!L, #..2!, .#, GF.7", /7$&2CL, 2F", 2G.PG$H,
5\jR5, !F.G"0, 4"#H, !()&(E(+$&2, BIe?*??:C, "E
E"+2!,.&,/FH2.A$!!,/#.03+2(.&,03",2.,!.(7,2#"$2
A"&2,B/$#2($7,!;,m,?*>O;,2.,?*>XZCL,/7$&2,!/"+("!,
B/$#2($7,!;,m,?*S=X,2.,?*S>;C,$&0,2F",(&2"#$+2(.&,
6"2G""&, 2F", 2G., E$+2.#!, B/$#2($7,!;,m,?*>>=, 2.,
?*SO>C*, 1&,2F",3&63#&2,!.(7, Bc@C,2F",6(.A$!!,.E,
!F..2!L,#..2!,$&0,2F",GF.7",/7$&2,$2,2F","&0,.E,
2F","^/"#(A"&2,BFigure 1C,(&+#"$!"0,(&,2F",.#0"#,
Trifolium ~ Lotus << Lolium < LupinusL,0(EE"#"&+
"!, 6"(&), !()&(E(+$&2, BIe?*?<C, "^+"/2, 6"2G""&,
2F",2G.,E(#!2,!/"+("!*,-.A/$#"0,G(2F,c@L,(&,2F",

63#&2,!.(7,B]@C,2F",/7$&2,)#.G2F,G$!,!()&(E(+$&27H,
7.G"#, (&, 2F", +$!", .E, Lupinus, $&0, &.2, !()&(E(
+$&27H, (&, 2F$2,.E,Lolium,$&0,TrifoliumL,GF"#"$!,
Lotus,)#.G2F,G$!,!7()F27HL,632,&.2,!()&(E(+$&27HL,
F()F"#*,KF",$00(2(.&,.E,/.372#H,A$&3#",B]@gIY,
2#"$2A"&2C, G$!, 6"&"E(+($7, E.#, 2F", E.3#, !/"+("!,
2"!2"0,(&,2F",/#"!"&2,"^/"#(A"&2L,$72F.3)F,/7$&2,
)#.G2F,G$!,!()&(E(+$&27H,"&F$&+"0,.&7H,E.#,Lu

pinus,$&0,LoliumL,"!/"+($77H,(&,2F",7$22"#,BA.#",
2F$&,:??fCL,+.A/$#"0,G(2F,]@*,-.&!"W3"&27HL,
$2,2F","&0,.E,2F","^/"#(A"&2,2F",6(.A$!!,(&,2F",
]@gIY,2#"$2A"&2,(&+#"$!"0,!()&(E(+$&27H,(&,2F",
.#0"#,Trifolium ~ Lotus<< Lupinus < Lolium*,

Figure 1.,](.A$!!,/#.03+2(.&L,$&0,0(!2#(632(.&,6"2G""&,!F..2!,$&0,#..2!L, E.#,
Lolium perenneL,Lotus corniculatusL,Lupinus polyphyllus, $&0,Trifolium repens 
E#.A,2F",3&63#&2,!.(7,$&0,2F",63#&2,!.(7,G(2F,$&0,G(2F.32,/.372#H,A$&3#",$00(2(.&*,
T.#,"$+F,!/"+("!,$&0,/7$&2,/$#2,B!F..2!L,#..2!L,GF.7",/7$&2CL,0(EE"#"&2,7"22"#!,B$L,
6L,+C,(&0(+$2",!2$2(!2(+$77H,!()&(%+$&2,0(EE"#"&+"!,$A.&),!.(7,2#"$2A"&2!,B/e?*?<C*

Figure 2.,\,+.&+"&2#$2(.&, (&,!F..2!L, #..2!,$&0, 2F",GF.7",/7$&2,.E,Lolium pe

renneL, Lotus corniculatusL, Lupinus polyphyllus, $&0, Trifolium repens, E#.A, 2F",
3&63#&2,!.(7,$&0,2F",63#&2,!.(7,G(2F,$&0,G(2F.32,/.372#H,A$&3#",$00(2(.&*, ,T.#,
"$+F,!/"+("!,$&0,/7$&2,/$#2,B!F..2!L,#..2!L,GF.7",/7$&2CL,0(EE"#"&2,7"22"#!,B$L,6L,
+C,(&0(+$2",!2$2(!2(+$77H,!()&(%+$&2,0(EE"#"&+"!,$A.&),!.(7,2#"$2A"&2!,B/e?*?<C*
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5!, E.#, /FH2.A$!!, /#.03+2(.&L, 2F", 2G.PG$H,
5\jR5,!F.G"0,!()&(E(+$&2,BIe?*??:C,"EE"+2!,.&,
/7$&2, \, +.&+"&2#$2(.&, B!F..2!L, #..2!, .#, GF.7",
/7$&2C,03",2.,!.(7,2#"$2A"&2,B/$#2($7,!;,m,?*X;Z,2.,
?*=;SCL,/7$&2,!/"+("!,B/$#2($7,!;,m,?*>>O,2.,?*S:>C,
$&0, 2F", (&2"#$+2(.&, 6"2G""&, 2F", 2G., E$+2.#!,
B/$#2($7,!;,m,?*Z>Z,2.,?*X=?J,Ie?*?:,(&,2F",+$!",
.E,#..2!C*,h")$#07"!!,2F",/$#2,.E,2F",/7$&2,+.&
!(0"#"0,$&0, 2F",!.(7, 2#"$2A"&2L, 2F",+.&+"&2#$
2(.&,.E,\,(&,2F",6(.A$!!,.E,Lolium,BFigure 2C,G$!,
!()&(E(+$2(4"7H, BIe?*?<C, 7.G"#, 2F$&, 2F$2, .E, 2F",
2F#"",7")3A"!,2"!2"0L,"^+"/2(&),Lotus,(&,2F",c@,
2#"$2A"&2*,-.A/$#"0,G(2F, 2F", 7")3A"!,)#.G&,
.&,c@L,2F.!",0"4"7./"0,.&,]@,F$0,$,F()F"#,\,
+.&2"&2L, $72F.3)F, 2F", 0(EE"#"&+"!,G"#", &.2, $7
G$H!, !()&(E(+$&2J, +.&4"#!"7HL, 2F",\,+.&+"&2#$
2(.&, (&,Lolium, 2(!!3"!,F$#07H,+F$&)"0,E#.A,c@,
2.,]@*, i^+"/2, E.#,Lotus, #..2!L, 2F",\, #(+F&"!!,
(&, 2F", 7")3A"!, 0"+#"$!"0, B&.2, $7G$H!, !()&(E(
+$2(4"7HC, E#.A,]@, 2.,]@gIYL, #"23#&(&),3!3$77H,
2., 4$73"!, !(A(7$#, 2., 2F.!",.E, 2F",c@,/7$&2!J, (&,
LoliumL, 2F",+.&+"&2#$2(.&,.E,\,$7!.,0"+#"$!"0,
E#.A, ]@, 2., ]@gIYL, $72F.3)FL, 3&7(Q", 2F", 7"
)3A"!L, 2F", 4$73"!, #"$+F"0, (&, 2F", !F..2!, $&0,
2F",GF.7", /7$&2!,G"#", !()&(E(+$&27H, 7.G"#, 2F$&,
2F.!",.E,Lolium,/7$&2!,)#.G&,.&,c@*,KF",/7$&2,
6(.A$!!, H("70, $&0, 2F", /"#+"&2$)", .E,\, (&, 2F",
/7$&2!,G"#",F()F7H,$&0,&")$2(4"7H,+.##"7$2"0,B#,m,
P?*S:?L,Ie?*??:J,#,m,P?*>>OL,Ie?*??;J,#,m,P?*=:;,
$&0,#,m,P?*X>XL,Ie?*?<L,E.#,2F",$"#($7,/$#2!,.E,Lo

liumL,TrifoliumL,Lotus,$&0,LupinusL,#"!/"+2(4"7HC*

T.#, 2F", 2.2$7, $A.3&2, .E, \, (&, $77, /7$&2, /$#2!,
B!F..2!L, #..2!, .#, GF.7", /7$&2CL, 2F", 2G.PG$H,
5\jR5, $7!., !F.G"0, !()&(E(+$&2, BIe?*??:C,
"EE"+2!,03",2.,!.(7,2#"$2A"&2,B/$#2($7,!;,m,?*<:>,2.,
?*=;;CL,/7$&2,!/"+("!,B/$#2($7,!;,m,?*S>;,2.,?*S>XC,
$&0,2F",(&2"#$+2(.&,6"2G""&,6.2F,E$+2.#!,B/$#2($7,
!;,m,?*X>>,2.,?*S:OC*,i(2F"#,(&,c@L,]@,.#,]@gIYL,
2F",$6!.732",$A.3&2,.E,\,+.&2$(&"0,(&,2F",GF.
7",/7$&2,BFigure 3C, (&+#"$!"0,!()&(E(+$&27H, (&,2F",
.#0"#,Trifolium < Lolium < LupinusL,G(2F,Lotus,(&,
$&, (&2"#A"0($2",/.!(2(.&,6"2G""&, 2F", E(#!2, 2G.,
!/"+("!*,[.G"4"#L,(2,!F.370,6",F()F7()F2"0,2F$2,
$,!36!2$&2($7,/$#2,.E, 2F", 7")3A"!P\,B3/,2.,;?P
O?f, (&,Trifolium, $&0,LotusJ, $#.3&0, 2G.P2F(#0!,
(&,LupinusJ,0$2$,&.2,!F.G"0C,+.370,&.2,/#.+""0,
E#.A,2F",!.(7L,632,E#.A,2F",\P#(+F,!""0!,.E,2F"
!",!/"+("!*,KF",/..7!,.E,!F..2P,$&0, #..2P\, (&,
c@,$&0,]@gIY,E.77.G"0,2F",!$A",2#"&0,$!,2F$2,
.E,2F",GF.7",/7$&2L,GF"#"$!,(&,]@,2F",0(EE"#"&
+"!,$A.&),LupinusL,Lolium,$&0,Lotus,G"#",&.2,
!2$2(!2(+$77H,!()&(E(+$&2*,\.,4(!(67",&.037"!,G"#",
E.3&0,$2,F$#4"!2(&),(&,2F",#..2!,.E,$&H,7")3A",
/7$&2!*

Figure 3.,5A.3&2,.E,\,(&,!F..2!L,#..2!,$&0,2F",GF.7",/7$&2,.E,Lolium perenneL,Lotus 

corniculatusL,Lupinus polyphyllus,$&0,Trifolium repens,E#.A,2F",3&63#&2,!.(7,$&0,2F",
63#&2,!.(7,G(2F,$&0,G(2F.32,/.372#H,A$&3#",$00(2(.&*,T.#,"$+F,!/"+("!,$&0,/7$&2,/$#2,
B!F..2!L,#..2!L,GF.7",/7$&2CL,0(EE"#"&2, 7"22"#!,B$L,6L,+C, (&0(+$2",!2$2(!2(+$77H,!()&(%+$&2,
0(EE"#"&+"!,$A.&),!.(7,2#"$2A"&2!,B/e?*?<C*

[ CASTRO, A., CARBALLAS, T. & GONZÁLEZPRIETO, S. ]
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 4. Discussion
KF", 7.G"#, /7$&2, )#.G2F, (&, 2F", 63#&2, !.(7, B]@C,
2F$&,(&,2F",3&63#&2,+.&2#.7,Bc@C,$)#""!,G(2F,2F",
7(A(2"0,)#.G2F,.E,2F",+.AA"#+($7,/7$&2,!/"+("!,
3!"0, E.#, 2F", #"+7$A$2(.&, .E, 63#&2, !.(7!, E.3&0,
"7!"GF"#",BR(77$#,"2,$7*,:SS>J,-$!2#.,"2,$7*,;???CJ,
$!,2F",0"+#"$!",.E,/7$&2,)#.G2F,G$!,!()&(E(+$&2,
.&7H, E.#, LupinusL, 2F(!, G$!, 2F", !/"+("!, A.!2,
&")$2(4"7H,$EE"+2"0,6H,2F","EE"+2!,.E,E(#",.&,!.(7*,
1&,2F",63#&2,!.(7,$A"&0"0,G(2F,/.372#H,A$&3#",
B]@gIYCL, 2F", (A/#.4"0, /7$&2, )#.G2F, $)#""!,
G(2F,2F",#"!372!,#"/.#2"0,"7!"GF"#",E.#,2F(!,$&0,
.2F"#, .#)$&(+, $A"&0A"&2!, BR(77$#, "2, $7*, :SS>J,
-$!2#.,"2,$7*,;???J,93"##"#.,"2,$7*,;??:J,Y"H"#,
"2,$7*,;??ZJ,R(77$#,"2,$7*,;??ZL,;??<C*,R(77$#,"2,$7*,
B:SS>C,!F.G"0,2F$2,2F",7.G"#,/7$&2,)#.G2F,(&,]@,
2F$&,(&,]@gIY,G$!,&.2,03",2.,A$+#.&32#("&2!,
B\L,IL,`L,-$L,Y)C,!F.#2$)",(&,2F",E.#A"#J,2F"!",
$32F.#!,FH/.2F"!(V"0,2F$2,6(.A$!!,/#.03+2(.&,
(&,]@,+.370,6",(&F(6(2"0,6H,F"$2P0"#(4"0,/FH2.
2.^(+,+.A/.3&0!,B!"",h.4(#$,$&0,].G"&,:SXXJ,
h$(!.&, :S=SJ, R(7$#(n., $&0, 5#(&"!, :SS:J, $&0,
Mo$VPh$4(n$,"2,$7*,:SSXCL, 2F"(#,&")$2(4","EE"+2!,
6"(&),A(+#.6($77H,.#,+F"A(+$77H,!3//#"!!"0,6H,
2F",$00(2(.&,.E,.#)$&(+,G$!2"!*

KF", &")$2(4", +.##"7$2(.&, 6"2G""&, 2F", /7$&2,
6(.A$!!,$&0,/"#+"&2$)",.E,\,$)#""!,G(2F, 2F",
0"+#"$!", (&,/7$&2,\,+.&2"&2,$!, 2F",+#./,A$!!,
(&+#"$!"!L,$!,#"/.#2"0,6H,p$)$7,B:SSZC,$&0,N"
A$(#",$&0,9$!2$7,B:SS=C*,5++.#0(&),2.,N"A$(#",
$&0,9$!2$7,B:SS=CL,2F"!",#"!372!,!F.G"0,2F$2,2F",
/7$&2!, E#.A,]@L,G(2F, #"03+"0, !(V", $&0, F()F"#,
\, #(+F&"!!L, F$4", $, 7.G"#, /#./.#2(.&, .E, !2#3+
23#$7,4!*,A"2$6.7(+,2(!!3"!,2F$&,/7$&2!,)#.G&,.&,
]@gIY*,5!,/#"4(.3!7H,(&0(+$2"0,6H,-$!2#.,"2,$7*,
B;???CL, 2F",!.(7,+.&0(2(.&!, (&, 2F",]@, 2#"$2A"&2,
7"0, 2.,G"$Q"#, /7$&2!, 2F$2, +$&&.2, /#.4(0", /#.
2"+2(.&,E.#,$,#"+"&27H,63#&2,!.(7,$)$(&!2,"#.!(4",
E.#+"!L,3&7(Q",/7$&2!,)#.G&,(&,]@gIY*

KF",$6(7(2H,.E,/7$&2!,2.,#"2$(&,2F",/.!2PE(#",/37!",
.E,$4$(7$67",\,G(2F(&,2F",!.(7P/7$&2,!H!2"AL,2F3!,
/#"4"&2(&), \, 7.!!"!, 6H, 7"$+F(&), $&0, "#.!(.&L,
4$#("0, $A.&), !/"+("!L, (&+#"$!(&), (&, 2F", .#0"#,
Trifolium, Lotus < Lolium < LupinusJ, F.G"4"#L,
2F",7$!2,2G.,!/"+("!,+.370,(&2"#+F$&)",2F"(#,/.
!(2(.&!,2$Q(&),(&2.,$++.3&2,2F",\,2F"H,.62$(&"0,
E#.A, 2F"(#, !""0!*, KF(!, #"!372, F$!, (A/.#2$&2,
/#$+2(+$7,(A/7(+$2(.&!,E.#,63#&2,!.(7,#"+7$A$2(.&,
B-$!2#., "2, $7*, ;???C, 6"+$3!"L, 6H, #"03+(&), 2F",

A(&"#$7(V$67",.#)$&(+P\,#"!"#4"!,$&0,(&+#"$!(&),
2F",\,A(&"#$7(V$2(.&,#$2"L,G(70E(#"!,+.370,7"$0,2.,
$, #$/(0, 0"/7"2(.&, .E, 2F", 7$6(7", .#)$&(+, \, /..7,
BI#("2.PT"#&U&0"V,"2,$7*,:SSOC*

\.,4(!(67",&.037"!,G"#",E.3&0,$2,F$#4"!2(&),(&,
2F", #..2!, .E, $&H, 7")3A",/7$&2!L, $, E.#"!""$67",
#"!372, +.&!(0"#(&), 2F", !A$77, !(V", .E, 2F", !/"+(
A"&!*, KF"#"E.#"L, $E2"#, 2F"(#, !"&"!+"&+", $&0,
(&+.#/.#$2(.&,(&2.,2F",!.(7,.#)$&(+,A$2"#L,2F"!",
/7$&2!,G(77,&.2,.&7H,"&#(+F,2F",!.(7,G(2F,E(^"0,\;*,
j3#, #"!372!, .&, 2F", 7$+Q, .E, 7")3A", &.037$2(.&,
+.&2#$!2,G(2F,2F.!",#"/.#2"0,6H,!"4"#$7,$32F.#!,
BK.G&",$&0,`&$//,:SSXJ,["&0#(+Q!,$&0,].#(&),
:SSSJ,-$!$7!,"2,$7*,;??<CL,"4"&,G(2F,2F",#"!372!,
.E, RUVW3"V, "2, $7*, B:SSXC,GF., E.3&0, 2F$2, /.37
2#H,A$&3#",0(0,&.2, (&F(6(2, 7")3A"!,&.037$2(.&L,
GF(+F, G$!, 4"#H, A3+F, "&F$&+"0, (&, 2F", +$!",
.E,Lotus*,5,/.!!(67","^/7$&$2(.&,E.#,2F(!,0(EE"#
"&+",(!,2F$2,$77,2F"!",$32F.#!L,"^+"/2,2F",7$22"#,
.&"!L,G.#Q"0,.&,2F",&$23#$7,#"+.4"#H,.E,7")3A",
!/"+("!, /#""^(!2"&2, (&, 2F", !.(7, 6"E.#", 2F", E(#"*,
j2F"#,/.!!(67",+$3!"!,E.#,2F",7$+Q,.E,&.037$2(.&,
.E, 2F", 7")3A"!, (&,]@,$#", 2F$2, 2F"H,G"#",+.A
A"#+($7,!/"+("!, 2F$2b,$C,$72F.3)F, #"7$2(4"7H, E#3
)$7, $&0,+F$#$+2"#(!2(+, .E, 3&E"#2(7", !.(7!, B$+(0(+L,
!$&0HL,!$7(&"CL,+.370,&.2,6",$0$/2"0,2.,)#.G,(&,
$,63#&"0,!.(7J,$&0,6C,+.370,6",3&$67",2.,&.03
7$2", 03", 2., 2F", 7$+Q, .E, 2F", !/"+(E(+, !HA6(.&2!,
(&,2F",!.(7*,Y.#".4"#L,&.037$2(.&,$&0,6(.7.)(+$7,
E(^$2(.&,.E,$2A.!/F"#(+,\;,$#",3!3$77H, (&F(6(2"0,
GF"&,2F"#",(!,$63&0$&2,$4$(7$67",\,BY$+03EE,"2,
$7*,:SSXJ,-#"G!,:SSSCL,GF(+F,(!,2F",+$!",.E,2F",
!.(7!, 3!"0, (&, 2F", /#"!"&2, "^/"#(A"&2*, 5A.&),
2F", "+.7.)(+$7, +.&!2#$(&2!, 2F$2, A$H, 7(A(2, 2F",
!3++"!!,.E,\;PE(^(&),/7$&2!L,.2F"#, 2F$&,2F","&
"#)"2(+,+.!2,.E,\,E(^$2(.&L,-#"G!,B:SSSC,(&+730",
2F",$4$(7$6(7(2H,.E,!.(7,&32#("&2!,.2F"#,2F$&,\,B"!
/"+($77H,I,.#,Y.C,$&0,2F","^(!2"&+",.E,$04"#!",
"0$/F(+,+.&0(2(.&!,!3+F,$!,F()F,$+(0(2HL,$7Q$7(&
(2H,.#,$#(0(2H*

q.(&27H,+.&!(0"#"0L,2F",#"!372!,.&,)#.G2FL,$6(7
(2H, 2., #"2$(&, 2F", /.!2PE(#", /37!", .E, $4$(7$67", \,
$&0, $6!"&+", .E, \;, E(^$2(.&, $2, 2F", !F.#2P2"#A,
!3))"!2"0,2F$2,+.AA"#+($7,7")3A"!,$#",&.2,$!,
3!"E37, $!,)#$A(&".3!,/7$&2!, E.#, 2F", 4"#H, "$#7H,
!.(7,/#.2"+2(.&,$&0,#"P4")"2$2(.&,/F$!",.E,63#&2,
!.(7!*, [.G"4"#L, $!, 7")3A"!, $#", 3!3$77H, (##"
/7$+"$67",$2,2F",A"0(3A,2"#A,E.#,2F",#"+.4"#H,
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.E,2F",63#&2,!.(7,\,/..7,$&0,0H&$A(+!L,(2,!F.370,
6",+.&!(0"#"0,2F",32(7(2H,.E,!.G(&),$,A(^23#",.E,
7")3A"!, B"!/"+($77H, LupinusC, $&0, )#$A(&".3!,
!/"+("!,$E2"#,2F",E(#"!*

5. Conclusions
:* 1&,2F",63#&2,!.(7L,/7$&2,)#.G2F,G$!,6"22"#,E.#,
Lolium, 2F$&, E.#, 2F", 2F#"", 7")3A"!, 2"!2"0L, #"
)$#07"!!,.E,GF"2F"#,/.372#H,A$&3#",G$!,$00"0J,
2F(!,G$!,6"&"E(+($7,E.#,2F",E.3#,!/"+("!,2"!2"0*,,

;*,Lolium $&0,Lupinus, +$&, #"2$(&, 2F",/.!2PE(#",
/37!",.E,$4$(7$67",\,G(2F(&,2F",!.(7P/7$&2,!H!2"AL,
2F3!, /#"4"&2(&),\, 7.!!"!, 03", 2., 7"$+F(&), $&0,
"#.!(.&*,

O*,KF",+.A6(&$2(.&,.E,$//7H(&),/.372#H,A$&3#",
$&0,!.G(&),Lolium,A$H,.EE"#,2F",6"!2,2"+F&(W3",
E.#, !"+3#(&), (AA"0($2", /.!2PE(#", /#.2"+2(.&, .E,
2F", !.(7, $&0, (2!, &32#("&2!, $)$(&!2, "#.!(.&, $&0,
7"$+F(&)J,&"4"#2F"7"!!L,2F",+.A6(&"0,!.G(&),.E,
Lolium,$&0,Lupinus,+.370,.EE"#,2F",A.!2,3!"E37,
A"0(3AP2"#A,!.732(.&*
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