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89*%,4*!5*!4,!6-!,5',5+(+*!%*;8$,'-;,5',1!#5!$-!9,.(:5!-.&-%-',9-!+,$!,4'-+*!+,!0(%6*-%75!

4,! ,4'(;-! ?&,! ,$! "I! E! +,! 6&,9'*4! ,4'75! +,A(%(,5',4! ,5! ,4',! 5&'9(;,5'*! >! $-! -8$(%-%(:5! +,!

A,9'($(@-5',4!A*$(-9,4!%*5!F!,4!(54&A(%(,5',!8-9-!4*$),5'-9!,4',!89*G$,;-1!J*9!$*!'-5'*<!+,G(+*!-$!

+,4%*5*%(;(,5'*! +,$! ;-5,C*! (5',.9-$! +,! $-! 5&'9(%(:5! %*5! F! ,5! 6&,9'*4! %*5! -.&-%-',! >! $*4!

A-%'*9,4! (5)*$&%9-+*4!,5! $-!-G4*9%(:5!+,!F!)K-!9-+(%-$<!4,!&4-! $-!897%'(%-4!+,! $-!A,9'($(@-%(:5!

A*$(-9!>!,+7A(%-!%*;*!-%'()(+-+,4!89,),5'()-4!+,!$-!+,A(%(,5%(-!,5!6&,9'*4!%*;,9%(-$,41!

B-4!%*54,%&,5%(-4!AK4(%-4<!?&K;(%-4!>!G(*$:.(%-4!+,!$-!+,A(%(,5%(-!+,!F!,5!-.&-%-',!>!

$-4!,4'9-',.(-4!8-9-!,)('-9$-!9,?&(,9,5!4,9!%-9-%',9(@-+-4!-!5(),$,4!%,$&$-9<!'(4&$-9!>!)(4&-$!8-9-!

8*+,9! -8$(%-9! %9(',9(*4! +,! ;-5,C*! -89*8(-+*4<! 9,A,9,5',4! -! $-! 5&'9(%(:51! L&5?&,! ,$! G*9*! ,4!

%*54(+,9-+*! %*;*! &5!;(%9*5&'9(;,5'*<! 8*9! $-! %-5'(+-+! 9,?&,9(+-! 8*9! $-4! 8$-5'-4<! '(,5,! &5-!

;-%9*A&5%(:5!,5!$-!89*+&%%(:5!>!%-$(+-+!+,!!A9&'*41!

#

#

#

#

#

#

#

#

#

#



! "

!

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

#

#$!%&%'()$*)+$+!+%*!,!-$.$!*$&!-*$'/$&!01%!+%23&/.$+$!-3.!4$.)'5/3'!%'!6789:!;!-$./).!

+%!%'/3'(%&<!&%!=$'!+$+3!$!(3'3(%.!.%&-1%&/$&!/$'/3!$'$/>2)($&!(323!0)&)3*>5)($&!+%!*$!-*$'/$!

$!*$!+%0)()%'()$!+%!%&/%!2)(.3'1/.)2%'/3:!

#$!.%*$()>'!%'/.%!*$&!.%&-1%&/$&!-.)2$.)$&!?!*$!%@-.%&)>'!A)&1$*!+%!*3&!&B'/32$&!%&!($&)!

+%&(3'3()+$! CD1! et al:<! 8EE6F:! G$.$! $*51'3&! '1/.)2%'/3&! *3&! *B2)/%&! %'/.%! &10)()%'()$! ?!

+%0)()%'()$!&3'!%&/.%(=3&!?<!-%3.!$H'<!3(1..%'!/.$&*$-%&!+%I)+3!$!J1%!*3&!.%J1%.)2)%'/3&!A$.B$'!

+%-%'+)%'+3!+%!*$!%&-%()%!?!(1*/)A$.!CK1-/$<!6779F!?!/$2I)L'!A$.B$'!L&/3&<!+%-%'+)%'+3!+%*!

%&/$+3! 0)&)3*>5)(3!+%! *$! -*$'/$:!M'! %*! ($&3! %&-%(B0)(3!+%*!,<! %*! )'/%.A$*3! %'/.%! +%0)()%'()$! ?!

/3@)()+$+! %&!2N&! -%J1%O3! J1%! %*! +%! ')'5H'! 3/.3! %*%2%'/3! CK3*+I%.5! et al:<! 8EE8F:! G3.! /$*!

23/)A3!%&!+%!A)/$*!)2-3./$'()$!$-3./$.!*3&!')A%*%&!>-/)23&!+%!%&/%!'1/.)2%'/3!-$.$!0$A3.%(%.!

%*!+%&$..3**3!+%*!(1*/)A3:!

G$.$!$*51'3&!)'A%&/)5$+3.%&!%*!')A%*!(.B/)(3!%&!$J1%*!J1%!&%!'%(%&)/$!-$.$!3I/%'%.!7E!P!

+%*! 2N@)23! .%'+)2)%'/3! CQ$A)&! et al:<! 67RST! U*15%! ?! G3+*%&$V<! 67SWF:! X/.3&! $1/3.%&!

(3'&)+%.$'! %*! ')A%*! (.B/)(3! (323! %*! .$'53! I$Y3! 3! 2$.5)'$*! J1%! +%2%.)/$! W! Z! 6E! P! %*!

.%'+)2)%'/3! 2N@)23! C[N'(=%\! et al:<! 8EERF:! G3.! 3/.3! *$+3<! %@)&/%'! (1*/)A3&! %'! *3&! J1%! *$!

+%0)()%'()$! +%! ,! '3! +)&2)'1?%! *$! ($'/)+$+<! &)'3! *$! ($*)+$+! +%! (3&%(=$! C]L*)\<! 8EEET!

^$*+3'$+3<!8EE8F:#

#3&! /%Y)+3&! %'! +)0%.%'()$()>'! &3'! *3&! 2N&! &%'&)I*%&! $! *$! +%0)()%'()$! +%! ,<!

%&-%()$*2%'/%!*3&!+%!*$!\3'$!+%!%@/%'&)>'!+%!*$!.$B\!%'!*$!J1%!&%!)'=)I%!%*!$*$.5$2)%'/3!?!*$!

+)A)&)>'!(%*1*$.!C^$.&(='%.<!677WT![=%*-<!6779T!Q%**!?!_1$'5<!677RF:!!

M*! %0%(/3! 23.03*>5)(3! +%! *$! +%0)()%'()$! +%! ,! %'! I.3/%&! )'(*1?%<! %'! 5%'%.$*<! *$!

)'=)I)()>'! +%*! (.%()2)%'/3<! J1%2$+1.$&! ?! '%(.3&)&! +%*! I.3/%<! 21%./%! .%5.%&)A$<! /%Y)+3!

J1%I.$+)\3<! -$.%+%&! (%*1*$.%&! )..%51*$.%&<! 5.)%/$&! ?! .32-)2)%'/3! +%! /$**3&! ?! -%(B3*3&!

CK3*+I$(=<! 677RF:! `1$'+3! *$! +%0)()%'()$! +%! %&/%! '1/.)2%'/3! '3! &%! 2$')0)%&/$!

23.03*>5)($2%'/%! %'! *3&! I.3/%&! +%*! AN&/$53<! L&/3&! -1%+%'! +)0%.%'()$.&%! (323! >.5$'3&!

.%-.3+1(/)A3&!?<!+%-%'+)%'+3!+%*!')A%*!+%!+%0)()%'()$<!&%!-.%&%'/$!1'!.%/$.+3!3!)'=)I)()>'!+%!

*$! 0*3.$()>'<! $I3./3! +%! 0*3.%&! ?! 0.1/3&<! )'=)I)()>'! +%*! (.%()2)%'/3! +%! /1I3&! -3*B')(3&<!

I.3'(%$+3!?!+%03.2$()>'!+%!0.1/3&<!$+%2N&!+%!*$!.%+1(()>'!+%*! /$2$O3!+%!0.1/3!CK3*+I$(=<!

677RF:! a3! 3I&/$'/%<! =$&/$! %'/3'(%&! '3! %@)&/B$! )'A%&/)5$()>'! &)&/%2N/)($! .%0%.%'/%! $! *$!

-$./)()-$()>'!+%*!,!%'!*$!+)0%.%'()$()>'!+%!/%Y)+3&!A$&(1*$.%&b!@)*%2$<!0*3%2$<!.$B(%&<!/$**3&!1!

=3Y$&!CQ%**!?!_1$'5<!677RF:!



! "

#$%&'! et al(! )*++,-! ./0$1234.&! 435$60%7.5! 2&03435%&035! 736! 38390.! 73! :! 3&!

728343&92%92;&!<!;4'%&.5!86.4%635=!>.1%00!),???-!43%62@;!$&!04%/%A.!3&!36!B$3!43C.40%!435$60%7.5!

344D029.5!736!38390.!73!6%!8340262@%92;&!8.62%4!3&!%E%443!73!84$0.5!<!:3F43&70!<!G.'6%$34!),??H-!

735942/3&!36!38390.!73!3503!E294.&$042E3&0.!3&!6%!3E/42.'I&3525(!!

JK2503&!728343&035!3&8.B$35!C%4%!31%6$%4!6%!5$82923&92%!73!:!3&!6.5!D4/.635!73!%'$%9%03!

3&!9%EC.(!L&.!73!366.5!35!6%!9$%&02829%92;&!73!6%!9.&93&04%92;&!73!:!0.0%6!3&!F.A%5!E%7$4%5!!

)HM!<!NM-!%!C%4024!736!/4.03!736!1D50%'.!)OI62@P!*+++=!Q%6%@%4P!*++*-(!J503!EI0.7.!73!31%6$%92;&!

&$042E3&0%6! 35! C%4029$6%4E3&03! 2EC.40%&03! 3&! %'$%9%03! 73/27.! %! B$3! 35! 2&9.503%/63! 6%!

31%6$%92;&!736!D4/.6!9.EC630.!3&!9%EC.(!!

Q3!C$373&!31%6$%4!7.5!8.4E%5!73!:!73&04.!73!6%!C6%&0%P!$&%!35!36!:!5.6$/63!):5-!B$3!

9.EC43&73!36!:!62/43P!3&!8.4E%!73!#R:SR!<!.04%!35!36!62'34%E3&03!%9.EC63A%7.(!QF$K2%&'!et 

al(!)*++*-!9.&69$<34.&!B$3!6%!9.&93&04%92;&!73!:5!35!36!E3A.4!2&729%7.4!C%4%!31%6$%4!36!&2136!

725C.&2/63! 73! 3503! &$042E3&0.! C%4%! 36! 735%44.66.! 73! 6%! C6%&0%(! J503! C%4DE304.! 31273&92%! 3&!

E2&$0.5!6%!7382923&92%!2&7$927%!3&!03A27.!3&!30%C%!73!728343&92%92;&!)T.67/%9F!et al(P!*+++-(!!

J6!02C.!73!%/5.492;&!B$3!43%62@%!6%!C6%&0%!350D!3&!8$&92;&!73!6%!9.&93&04%92;&!73!:!3&!

36!E372.!4%729%6(!T%55340!et al.!)*++*-!31273&92%4.&!$&!E39%&25E.!73!%/5.492;&!%9021%!3&!6%5!

C6%&0%5! B$3! %90U%! %! &213635! /%A.5! 73! 9.&93&04%92;&! 73! :(! J503! E39%&25E.! 53! 730390%!

9$%&02829%&7.! 6%! 9.&93&04%92;&! 73! :! 3&! 36! 3K04%90.! 936$6%4! 84359.P! 7212727.! 3&043! 6%!

9.&93&04%92;&!73!:!3&!36!E372.!3K0342.4!<!52413!C%4%!9%4%90342@%4!6%!%/5.492;&!73!:!3&!C6%&0%5!

5$C342.435(!J50.5!%$0.435!9.&96$<34.&!B$3!36!8%90.4!73!9.&93&04%92;&!73!:!)VW:-!1%4X%!3&043!

35C39235!<!9$6021%435(!Y73ED5P!3KC629%4.&!6%5!728343&92%5!73!%/5.492;&!73!:!C4.13&23&03!73!6%!

5.6$92;&!&$042021%!)QZ-!C.4!6%!C6%&0%!9.EC630%!E372%&03!$&!VW:(!W.&!/%53!3&!3KC342E3&0.5!

43%62@%7.5! 9.&! %13&%! <! 042'.! )Z%/63! et alP! ,??N-P! '24%5.6! )[838834!et al(P! ,???-P!Desmodium 

ovalifolium!<!Arabidopsis thaliana!)T%55340!et al.,!*++*-P!36!1%6.4!736!VW:!C$373!534!!!,(!

J6! 04%5C.403!C%521.!%! 04%1I5!73! 6%!E3E/4%&%!C6%5ED029%!C$373!3KC629%453!C.4! 52EC63!

728$52;&!%!04%1I5!73!5$!/29%C%!62CX729%!<!C.4!04%&5C.403!E372%&03!9%&%635P!73C3&723&7.!73!6%!

9.EC.5292;&! 73! 6%5! 9%C%5! 62CX729%5! <! 73! 6%! 9.EC.5292;&! 73! 6%5! C4.03X&%5! B$3! 9.&023&3(! J&!

9%E/2.P!6%!C34E3%/2627%7!435042&'27%!736!D927.!/;429.!C$373!3KC629%4!6.5!VW:!E3&.435!B$3!,!

<!53!E%&282350%!9$%&7.!6%!9.&93&04%92;&!736!E372.!3K034&.!35!%60%!C%4%!6%!35C3923!.!1%4237%7!

):4.\&!et al.P!*++*-(!!

Q0%&'.$625!et al(!)*++,-!735942/234.&!36!04%&5C.403!/28D529.!73!D927.!/;429.!%!04%1I5!73!

E3E/4%&%5!!73!Chara corallinaP!73C3&723&7.!73!6%!9.&93&04%92;&!736!E372.!3K034&.(!J503!35!

8%92620%7.! )73C3&723&03! 73! 3&34'X%! .! %9021.-! <! 53! 5%0$4%! %! "! ]^P! <! 735C$I5! 73! 350.P! 6%!

C3&304%92;&!53!6631%!%!9%/.!C.4!52EC63!728$52;&!9.&!$&%!8%53!62&3%6(!J503!E39%&25E.!0%E/2I&!



! "

#$%&%! %'#()*+,! (+-! %./,0%-! &)1%,%.*)+-! &%! +2-/,*)3.! &%! 4! %.5,%! %-#%*)%-! 6! 7%./5)#/-!

84%((+(/$)!6!4,/9.:!;<<=>?!@+!5,+-(/*+*)3.!&%!4!&%.5,/!&%!#(+.5+-!2)%.!.$5,)&+-!%-!2+A+!8@%)5%!

et al?:! BCCD>! 0/-5,+.&/! E$%! 5+02)F.! (+! */.*%.5,+*)3.! &%.5,/! &%! (+! #(+.5+! ).1($6%! %.! (+!

0/G)()&+&!&%!%-5%!.$5,)0%.5/?!

@/-! 0F5/&/-! %-#%*5,/1/5/0F5,)*/-! $5)()H+.&/! ,%+**)/.%-! */(/,)0F5,)*+-! I+.! -)&/! (/-!

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

8K/(&2%,7:!;<<D>?!L%-&%!;<M<!%(!0F5/&/!&%!*$,*$0).+!#,/#$%-5/!#/,!N/I.-/.!6!O(,)*I!-%!I+!

$5)()H+&/! #+,+! &%5%,0).+,! (+! */.*%.5,+*)3.! &%! 4! %.! -/($*)/.%-?! P*5$+(0%.5%! %(! 0F5/&/!

0).)+5$,)H+&/! &%! *$,*$0).+! #,/#$%-5/! #/,! Q)00%,! 6! K/(&2+*I! 8;<<=>! -%! I+! +#()*+&/!

%')5/-+0%.5%! #+,+! &%5%,0).+,! 2/,/! %.! +7$+-:! -/($*)/.%-! .$5,)5)G+-:! &)1%,%.5%-! #+,5%-! &%! (+!

#(+.5+! 8,+R*%-:! 5+((/-! 6! I/A+->! +-R! */0/! 5+02)F.! %.! #/(%.:! -+G)+! 6! 1($)&/! &%(! (+G+&/!

+#/#(J-5)*/?!@/-!,%-$(5+&/-!0$%-5,+.!2$%.+!,%#,/&$*)2)()&+&!*/.!$.+!&%-G)+*)3.!%-5J.&+,!&%!

;SM!T!%.! */.*%.5,+*)/.%-!&%!C?CM! +! C?U!07!&%!4!@S;?!V(! #/,*%.5+A%!&%! ,%*$#%,+*)3.! %-! &%(!

,+.7/!&%!<<!T?!P&%0J-:!5)%.%!$.+!&%-G)+*)3.!%-5J.&+,!&%!U?M!T?!V(!4!E$%!-%!&%5%,0).+!*/.!

%-5%!0F5/&/!%-!%(! ()2,%!*/0/!J*)&/!23,)*/?!@+!+*)&)1)*+*)3.!$.+!I/,+!#,%G)+!+! (+!%'5,+**)3.!

#%,0)5%!&%5%,0).+,!5+02)F.!%(!2/,/!()7%,+0%.5%!+*/0#(%A+&/?!!

@/-! J,2/(%-! &%! +7$+*+5%! I+.! -)&/! */.-)&%,+&/-! -%.-)2(%-! 5+.5/! +(! %'*%-/! */0/! +! (+!

&%1)*)%.*)+!&%!4!8WF()H:!BCCCX!Y+(+H+,:!BCCBX!Z+)-!6!N/.%-:!BCCC>?!@+!0%&)*)3.!&%(!*/.5%.)&/!

5/5+(!&%!4!-%!,%+()H+!$-$+(0%.5%!0%&)+.5%!$.+!&)7%-5)3.!-%*+!&%(!0+5%,)+(!G%7%5+(!8N/I.-/.!6!

O(,)*I:! ;<M<>! #,/G%.)%.5%! &%! I/A+-! 0+&$,+-! */0#(%5+-! 8WF()H:! BCCCX! K//&+((! et al?:! ;<=;X!

[+(&/.+&/:! BCCB>?! Y).! %02+,7/:! %-5%! #+,J0%5,/! %.! *+0#/! ./! -)%0#,%! ,%1(%A+! %(! %-5+&/!

.$5,)0%.5+(!,%+(!&%(!J,2/(:!6+!E$%!-%!#$%&%.!%.*/.5,+,!.)G%(%-!+(5/-!&%!4!5/5+(!845>!%.!J,2/(%-!

E$%!0$%-5,+.!&%1)*)%.*)+!G)-)2(%!&%!%-5%!0)*,/.$5,)0%.5/?!

V(! ,%.&)0)%.5/! #,/0%&)/! &%! +7$+*+5%! %.! %(! %-5+&/! &%![)*I/+*J.! %-! &%! <?<U! 5! I+S;?!

\-5%:!*/0#+,+&/!*/.!%(!,%.&)0)%.5/!#/5%.*)+(!E$%!#$%&%!-%,!&%!I+-5+!BC!5!I+S;!/!0J-:!).&)*+!

E$%!(+!.$5,)*)3.!%-!$./!&%!(/-!5%0+-!E$%!0J-!).5%,%-+!+!(/-!5F*.)*/-!6!#,/&$*5/,%-!6+!E$%!-%!

*$%.5+!*/.!).1/,0+*)3.!).*/.-)-5%.5%!&%!(+!,%-#$%-5+!&%(!J,2/(!+!(+!1%,5)()H+*)3.!8[+(&/.+&/:!

BCCB>?!

P$.+&/! +! %-5+! #,/2(%0J5)*+:! (+! ,+RH! &%! +7$+*+5%! *+,%*%! &%! #%(/-! ,+&)*+(%-:!

*+,+*5%,R-5)*+!E$%!#+,%*%!-%,! ).5,R.-%*+!&%(!7F.%,/!Persea,!6+!E$%!./!-%!I+.!/2-%,G+&/!%-5+-!

%-5,$*5$,+-! %.! &)1%,%.5%-! 7%./5)#/-! &%! P. americana 6 P. schiedeana 8]%(+-*/S^J,&%.+-:!

BCC;:!*)5+&/!#/,!Y+(+H+,:!BCCB>?!@+!#+,5)*)#+*)3.!&%!(/-!I/.7/-!%.&31)5/-!,+&)*(+%-!8_V`>!%.!

(+!.$5,)*)3.!*/.!4!I+!-)&/!,%#/,5+&+!#/,!#/*/-!+$5/,%-!*/0/!#,/0/5/,+!&%! (+!+2-/,*)3.!GR+!

,+RH! &%! %-5%!0)*,/.$5,)0%.5/! 8@%I5/! et al?:! BCCUX! @%I5/! 6! @+/G+:! *)5+&/-! #/,! @%I5/! et al?:!



! "

#$$%&'!()!*+,-./0!12!131*4/!/56174/!8+!7.9/!+,52.+,1)41!56-2.*+9/!:;2+<=0!#$$#>!?=8.2178!@!

A5+98@+@0!BCCC>!(74<+9+DE6)+!@!F+G.170!#$$B>!;2+<=!@!H144/0!#$$$&'!!

!

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

!

I'B'!J-K14.G/!L1)1<+2!

!

(G+26+<!+751*4/7!3.7./2ML.*/70!,/<3/2ML.*/7!@!1*/2ML.*/7!<12+*./)+9/7!*/)!2+!)64<.*.M)!

*/)!N!1)!+L6+*+41!*G'!O+77!:Persea americana!P.22'&!1)!+)9/7/217!91!P.*8/+*Q)'!

!

I'#'!J-K14.G/7!1751*R3.*/7!!

!

I'#'B'! ?9+54+<! 12!,S4/9/!,.).+46<.T+9/! 91! *6<*6,.)+! :U.,,1<! @!V/29-+*80! BCCW&!!

5+<+!+)+2.T+<!12!*/)41).9/!91!N!1)!+L6+*+41'!

!

I'#'#'! ;+<+*41<.T+<! 2/7! 7R)4/,+7! 91! 913.*.1)*.+! 91! N! 1)! +L6+*+41! *G'! O+77! +! ).G12!

*1262+<0!4.762+<!@!G.76+2'!

!

I'#'I'!;/)/*1<!2+!9.74<.-6*.M)!912!N!1)!Q<-/217!91!+L6+*+41!*G'!O+770!917+<</22+9/7!1)!
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!

J/!(&+*,.&/!0*1*+&/!'*!3>+)03!-*!D!C,>3/*'!-*!&1)&:&+*<!-*'&,,3//&-3'!*4!.40*,4&-*,3!@!

6)*! :,*:.*,34! )4! &K3! *4! -.8*,*4+*'! 4.0*/*'! -*! 9! *4! '3/):.;4! 4)+,.+.0&A! H3'+*,.3,(*4+*! '*!

&>&'+*:.*,34! )4!(*'! :34! /&! '3/):.;4! 4)+,.+.0&! L+*.4*,! ! :3(2/*+&! &/! ME!N!-*! :34:*4+,&:.;4<!

(.'(&!6)*!:34+*4=&!EAM!22(!-*!9A!L*!:3/*:+;!/&!O
&
!@!P

&!
B37&'!@!'*!:34'.-*,&,34!D!()*'+,&'!-*!

:&-&! C,>3/! 2&,&! 9! '3/)>/*! &! 2&,+.,! -*! (&+*,.&/! 0*1*+&/! 8,*':3A! Q&(>.?4! '*! '*:;! @! (3/.;!

(&+*,.&/! 0*1*+&/! 2,30*4.*4+*! -*! ?'+&'! B37&'! 2&,&! ,*&/.I&,! /&'! 2,)*>&'! -*! :3,,*/&:.;4! -*! 9!

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

!

:;! L*!2,3>&,34!/3'!(?+3-3'!-*!&1.+&:.;4!:34!*/!03,+*5!&!)4&!0*/3:.-&-!-*!"!@!R<!@!

'*!3>'*,0;!6)*!43!'*!(*I:/&!:3(2/*+&(*4+*!*/!(&+*,.&/!0*1*+&/!:34!*/!'3/0*4+*!

@!'3/&(*4+*!'*!B)(*-*:*!*/!(&+*,.&/!0*1*+&/!,*(&4*4+*!*4!/&!2)4+&!.48*,.3,!-*/!

+)>3!J22*4-3,8!-*!"AM!(%A!J/!.4:340*4.*4+*!-*!/&'!0*/3:.-&-*'!D<!S!@!M!*'!6)*!

'*! 3>+.*4*! )4&! *5+,&::.;4! '*(*7&4+*! &! /&! -*/! 9Q<! 2*,3! ?'+&! +.*4*! )4&! >&7&!

:3,,*/&:.;4!:34!*/!9!'3/)>/*<!6)*!*'!/&!83,(&!-*!9!,*6)*,.-&!2&,&!*'+&!2,)*>&A!

T3(3!:34:/)'.;4<!'*!3>+)03!6)*!/&!&1.+&:.;4!:34!*/!03,+*5!*5+,&*!-*(&'.&-3!9!

-*/!(&+*,.&/!0*1*+&/!'*:3!@!43!:3,,*/&:.34&!:34!*/!9!'3/)>/*!-*!/&!2/&4+&A!

!

<;! %&!&1.+&:.;4!(&4)&/!-*! /&'!()*'+,&'!-*!(&+*,.&/!0*1*+&/!'*:3!:34!*/!'3/0*4+*!

-*4+,3!-*!/3'!+)>3'!J22*4-3,8!:3/3:&-3'!B3,.I34+&/(*4+*!+)03!)4&!:3,,*/&:.;4!

-*! EAPR! :34! */! 9! '3/)>/*! *5+,&=-3! &! 2&,+.,! -*! (&+*,.&/! 0*1*+&/! 8,*':3A! J4!
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$%&'()*! +,!-! .),/',+!+012%34)!&+4(%51+! +.1+!&61)4)! 1(+5+!/5%!$)22+,%$(75!4+!

#89:!$)5!+,!-!1)1%,!4+!,%!;,%51%8!

!

<%!%=(1%$(75!&%5/%,!.+!2+%,(>7!+5!12+.!)$%.()5+.!4+!,%!.(=/(+51+!&%5+2%?!9!&(5/1)!%!

/5%!@+,)$(4%4!4+!"!@%(@+5+.!;)2!.+=/54)!A!4+B%2!2+;).%2!&+4(%!C)2%8!D,!$%')!4+!"!

C)2%.*!$+512(E/=%2!%!9###!2;&!+!(5&+4(%1%&+51+!4+.;/6.*!$)5!$/(4%4)!4+!5)!%=(1%2!

+,! +012%$1)*! 1)&%2! ,%! %,3$/)1%! 4+! ,%! ;%21+! ./;+2()2! 4+,! .)'2+5%4%51+! ;%2%! ,%!

4+1+2&(5%$(75!4+,!-8!

!

<).! 2+./,1%4).! +5! &=! 4+! -! .),/',+! F=
G9
! 4+! &%1+2(%! .+$%! ! HI(=/2%! 98JK! .)5!

%;2)0(&%4%&+51+!JGL!@+$+.!&%A)2+.!M/+!,).!)'1+5(4).!4+!&%1+2(%,!@+=+1%,!E2+.$)!

HI(=/2%!98"K8!N.1+!2+./,1%4)!+.!;2)&+1+4)2!;%2%!4+1+2&(5%2!-!.),/',+!+5!C)B%.8!N,!

-!.),/',+!)'1+5(4)!%!;%21(2!4+!&%1+2(%,!@+=+1%,!.+$)!;2+.+51%!/5%!$)22+,%$(75!M/+!

5).!;+2&(1+!(5E+2(2!$/O51)!-!.),/',+!1(+5+!,%!;,%51%8!P%2%!$/%51(E($%2!,%!$)22+,%$(75!

4+,!-!.),/',+!+012%34)!%!;%21(2!4+!%&').!1(;).!4+!&%1+2(%,!@+=+1%,!HE2+.$)!)!.+$)K*!

.+!2+%,(>7!,%!.(=/(+51+!;2/+'%8!
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!"#$%&' ()*)'+,-./-0%&."1-' 2/'3' 4,5$65/' .$&-0"7".&2,' /-'8&0/%"&' 4/.&9' /-' *' :%6,5/4' 2/'

&#$&.&0/)';5'<,)'"-"."&5'2/'5&'5/=/-2&'2/'.&2&'.,5$8-&'"-2".&'/5'<,)'2/':%6,5>'/?'<,)'2/'

/@0%&.."1->'A?5/.0$%&4'B,%'/@0%&.0,>'.&2&'C'6&%%&4'%/B%/4/-0&-'$-':%6,5)!

!

<%!+012%$$(75!4+!-!.),/',+!%!;%21(2!4+!&%1+2(%,!@+=+1%,!.+$)!+.!2O;(4%!H"Q!&/+.12%.!;)2!

C)2%K! $)&;%2%4%! $)512%! ,%! $)5@+5$()5%,! %! ;%21(2! 4+!&%1+2(%,! @+=+1%,! E2+.$)! HR!&/+.12%.! ;)2!

C)2%K*! %4+&O.! 4+! ,%! C)&)=+5+(4%4! 4+,! &%5+B)! A! ;2+;%2%$(75! 4+! ,%.! &/+.12%.! C%.1%! +,!
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,*>1)&?! )&! -*! %<(&'012'! )&-! &3(,*0(%6! )&-! *@%,,%! )&! $*(&,1*-&.! 7! )&! *+/*! )&.1%'1?*)*6! -*!

)&(&,$1'*012'!)&!A!.%-/<-&!*!>*,(1,!)&!$*(&,1*-!8&+&(*-!.&0%!&.!&B101&'(&!&'!*+/*0*(&!084!C*..4!

D%!%<.(*'(&6!)&<&!>,%<*,.&!7!&.(*')*,1?*,.&!>*,*!.&,!/.*)%!&'!%(,%.!(1>%.!)&!>-*'(*.4!
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!"##$%&'()*+$*,#$+$%+-+."%/0%$+1$+2&,$#(&%+3$4$,&%+5#$.'"+'"*,#&+$%+"0,$*(1"+&+6&#,(#+1$+

2&,$#(&%+3$4$,&%+.$'"+7+2"%(1"+

!

E-!$*(&,1*-!8&+&(*-!.&!%<(/8%!)&!F!G,<%-&.!)&!*+/*0*(&6!0/-(18*)%.!&'!@1),%>%'H*!0%'!

*,&'*! )&! .H-10&! 0%$%! ./.(,*(%! 7! *<*.(&01)*.! 0%'! /'*! .%-/012'! '/(,1(18*! )&! I(&1'&,! *-! F:!J6!
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&.(%!*.&+/,*$%.!9/&!-*.!@%=*.!1')10*)%,*.!MN
*
!7!O
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P!(/81&,*'!)1B&,&'(&.!'18&-&.!)&!A!(%(*-6!9/&!
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<2,10%4!R%.(&,1%,$&'(&6!.&!*>-102!*!-%.!F!G,<%-&.!)&!*+/*0*(&!-*!$1.$*!.%-/012'!I(&1'&,!*-!F:!
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'%! 0%,,&-*01%'&! 0%'! &-! A! .%-/<-&! )&! -*! >-*'(*! )&<1)%! *! 9/&! &-! A! .%-/<-&! 0%,,&.>%')&!

L'10*$&'(&! *-! 9/&! .&! &'0/&'(,*! -1<,&! 7! -1+&,*$&'(&! 0%$>-&=*)%! &'! -*! >-*'(*! 7! ,&B-&=*! &-!

./$1'1.(,%!,&01&'(&4!
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S*!>,&01.12'!&'!-*!&3(,*0012'!7!)&.*,,%--%!)&-!0%-%,!@*.(*!-&0(/,*!)&!-*!*)*>(*012'!)&-!

$Q(%)%!$1'1*(/,1?*)%! )&! 0/,0/$1'*! .&! %<.&,8*! &'! -*! T1+/,*! #4#4! E.(*! ,&+/-*,1)*)! >&,$1(&!

/(1-1?*,!$/&.(,*.!>&9/&K*.!)&!$*(&,1*-!8&+&(*-!.&0%4!S*!,&-*012'!&'(,&!-*!0%'0&'(,*012'!)&!A!

.%-/<-&! )&(&,$1'*)%! *! >*,(1,! )&! $*(&,1*-! 8&+&(*-! B,&.0%! 0%'(,*! &-! )&(&,$1'*)%! )&! $*(&,1*-!

8&+&(*-!.&0%!$/&.(,*!/'*!(&')&'01*!7!/'*!>,%>%,012'!.&$&=*'(&!MT1+/,*!#4UP4!;%'!<*.&!&'!&.(*!

(&')&'01*! .&! 0%'0-/7&! 9/&! *$<%.! $Q(%)%.! )&! &3(,*0012'! )&! A! .%-/<-&! .%'! L(1-&.! >*,*!

)&(&,$1'*,! -*! 0%'0&'(,*012'! )&!A! &'! &3(,*0(%.! )&! >-*'(*.6! >,&81*! 0*-1<,*012'! )&-! A! .%-/<-&!
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!"#$%&'()*)'+,-&."/0',01%,',-'.201,0"32'3,'4'52-$6-,',71%&832'&'9&%1"%'3,':&1,%"&-';,#,1&-'

<%,5.2'=',-'4',71%&832'&'9&%1"%'3,':&1,%"&-';,#,1&-' 5,.2',0'>%62-,5'3,'&#$&.&1,' ?Persea 

americana Mill)@'.$-1";&325',0'A'0";,-,5'3,'4',0'52-$."/0'0$1%"1";&)'B!C':&1,%"&-';,#,1&-'

<%,5.2D'BEC':&1,%"&-';,#,1&-'5,.2D'F2)' "0"."&-'3,' -&' -,=,03&'3,'.&3&'.2-$:0&' "03".&',-'

F2)'3,'>%62-D',C'F2)'3,',71%&.."/0D'GC-,.1$%&5'92%',71%&.12D'.&3&'*'6&%%&5'%,9%,5,01&0'

$0'>%62-)!

'

#$!%&''()$%*+,!-()!.!/&)01)(!(23'$4-&!$!5$'3*'!-(!-(!6$3('*$)!7(8(3$)!9'(/%&!:(23'$%%*+,!

%&,7(,%*&,$);! %&,3'$! ()! .! 3&3$)! (/! -(! <=>=! ?,! %$61*&@! )$! %&''()$%*+,! &13(,*-$! (,3'(! ()! .!

/&)01)(!$!5$'3*'!-(!6$3('*$)!7(8(3$)!/(%&!%&,3'$!()!5'&7(,*(,3(!-(!6$3('*$)!7(8(3$)!9'(/%&!(/!-(!

<=ABC!:D*80'$!E=F;=!!?/3(!G(%G&!(7*-(,%*$!)$!%&,9*$1*)*-$-!-(!$61&/!6H3&-&/!-(!(23'$%%*+,!-(!

.!/&)01)(!:5'&7(,*(,3(!-(!6$3('*$)!7(8(3$)!/(%&!I!-(!9'(/%&;=!

!

J&,! 1$/(! (,! )$! %&''()$%*+,! -(! .! /&)01)(! -(! 6$3('*$)! 7(8(3$)! 9'(/%&! %&,3'$! ()! -(!

6$3('*$)!7(8(3$)!/(%&!:D*80'$!E=F;!/(!%&,%)0I(!K0(!(/!5&/*1)(!-(3('6*,$'!.!/&)01)(!$!5$'3*'!-(!

6$3('*$)!7(8(3$)!/(%&!I!6&)*-&=!

!

!
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!"#$%&'()*)'+,%%-.&/"01'-.'/,12-1"3,'3-'4'5,.$6.-'-72%&83,'&'9&%2"%'3-':&2-%"&.';-#-2&.'

<%-5/,'='-.'4'-72%&83,'&'9&%2"%'3-':&2-%"&.';-#-2&.' 5-/,'-1'>%6,.-5'3-'&#$&/&2-' ?Persea 

americana Mill)@'/$.2";&3,5'-1'A'1";-.-5'3-'4'-1'5,.$/"01'1$2%"2";&)'B!C':&2-%"&.';-#-2&.'

<%-5/,D'BEC':&2-%"&.';-#-2&.'5-/,)'!

!

A@" $%! &%'()(*+! %,! %)%*-.! /%! ,0! 1.,2*(+3! %4-'0*-.'0! 52%! *.3-(%3%! 230! /(,2*(+3! /%!

6'(-(+37!0820!/%1(.3(90/0!:;!<=!=
>?
@!*.<A0'0/.!*.3-'0!,0!%4-'0**(+3!*.3!0820!

/%1(.3(90/0B! C,! '%12,-0/.! <.1-'+! *.3*%3-'0*(.3%1! 1%<%D03-%1! /%! E! 1.,2F,%!

%4-'0G/.! <%/(03-%! 0<F01! %4-'0**(.3%1B! H.<.! *.3*,21(+3I! '%12,-0! (820,! ,0!

%4-'0**(+3! /%! E! 1.,2F,%! %3!<0-%'(0,! &%8%-0,! /%! 0820*0-%! *&B! J011! *.3! .! 1(3!

6'(-(+3!%3!,0!1.,2*(+3!%4-'0*-.'0B!=0!/()%'%3*(0!&(1(F,%!%3-'%!,0!%4-'0**(+3!*.3!

0<F.1!1.,&%3-%1!%1!52%!*203/.!1%!2-(,(90!6'(-(+3I!K1-%!%4-'0%!-0<F(K3!*,.'.)(,0I!

*.<A0'0/.!*.3-'0!%,!<K-./.!/%!%4-'0**(+3!*.3!0820!%3!%,!52%! ,0!1.,2*(+3!%1!

(3*.,.'0B! C1-0! *.,.'0*(+3! %3! ,.1! %4-'0*-.1! A,03-%+! 230! 32%&0! A'%823-0! L,0!

*,.'.)(,0!(3-%')(%'%!*.3!,0!,%*-2'0!)(30,!/%,!%1A%*-'+<%-'.!%3!,0!/%-%'<(30*(+3!/%!

E! 0! MMN! 3<! .! %3! %,! /%10''.,,.! /%,! *.,.'! /%,! <K-./.! <(3(0-2'(90/.! /%!

*2'*2<(30O!!

!

F-%"<"/&/"01' 3-' .&' "12-%<-%-1/"&' 3-' /.,%,<".&' -1' -.' 3-5&%%,..,' 3-.' /,.,%' -1' -.' :G2,3,'

:"1"&2$%"H&3,B!

!

$%!'%0,(9+!230!A'2%F0!A0'0!&%'()(*0'!1(!%,!*.,.'!/%,!%4-'0*-.!.F-%3(/.!*.3!6'(-(+3!(3-%')(%'%!

%3!%,!/%10''.,,.!/%,!*.,.'!.!%3!,0!,%*-2'0!/%,!%1A%*-'+<%-'.B!P0'0!A'.F0'!%1-.I!1%!,,%&+!0!*0F.!
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$%!&%'()*!+*%!,!-$&'./('!0/*1&%2&%.&'!3&!4*5('!-&32('!3&!6/7*8&'!+*%!329&/&%.&!+*%.&%23*!3&!

:!)!'&!0/*+&32;!3&!8(!-(%&/(!'2<$2&%.&=!

!

>? @&! &A./(5*! :! '*8$78&! 3&! -(.&/2(8! 1&<&.(8! 0/*1&%2&%.&! 3&! $%(! -2'-(! -$&'./(?! B*'!

&A./(+.(%.&'! 9$&/*%=!>C!D/2.2;%=! (<$(!3&2*%2E(3(! FG=>HHH!1I1C! F0(/(!*7.&%&/! &A./(+.*'!

3&!+*8*/!1&/3&!+8(/*C!)!+*%!(<$(!3&'2*%2E(3(!F&A./(+.*'!2%+*8*/*'C?!@&!3&.&/-2%(/*%!J!

/&0&.2+2*%&'!3&!+(3(!&A./(+.*?!

"? @&!8&'!(+23292+;!0*/!$%(!4*/(!+*%!KL8!H?>!M?!

,? @&! 0/*+&32;! (! 8(! 3&.&/-2%(+2;%! 3&! :! &%! ,! 3&! 8('! -$&'./('! -&32(%.&! &8! -N.*3*!

-2%2(.$/2E(3*!!3&'+/2.*!(%.&/2*/-&%.&?!

#? O!8('!*./('!,!-$&'./('!'&!8&'!(%(82E;!3&!2<$(8!-(%&/(!0&/*!'2%!(</&<(/8&'!+$/+$-2%(?!

P? @&!8&)&/*%!.*3('!8('!-$&'./('!&%!&8!&'0&+./;-&./*!0(/(!1&/292+(/!'2!4()!2%.&/9&/&%+2(!3&!

8(!+8*/*928(!&%!8(!8&+.$/(!3&8!&A./(+.*?!

!

B*'! /&'$8.(3*'! 3&! 8(! 8&+.$/(! 3&! &A./(+.*'! '2%! 8(! (32+2;%! 3&! +$/+$-2%(! -$&'./(%! Q$&! 8(!

+8*/*928(!'&!328$)&!+*%!8*'!'*81&%.&'!$.282E(3*'!&%!N'.&!-N.*3*!-2%2(.$/2E(3*!3&!3&.&/-2%(+2;%!

3&!:!)!%*!2%.&/92&/&!&%!&8!3&'(//*88*!3&8!+*8*/!%2!&%!8(!8&+.$/(!92%(8!&%!&8!&'0&+./;-&./*!(!PPH!

%-?!

!

!"#"#"! $%&%'()*+,)-*./%.0.123453%.%*.14%32.

!
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Z%)!%-%.,%2'(40)!.%&%!/%!-0,0&*'4%2'34!-0/!5!)(/76/0!04!%=7%!870&(4!/%)!)'=7'04,0)F!

!
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3!2E?J!7;!KLE4!9109-.-:!)*!1(+%..-:&!+()!6*7*U0!+(!)*5!.V)%)*5!>!-=4!)*5!1*A.(5!+(,-.-(&6(5!2#?#E!7;!KLE!

+(! 3! (&! 50)%.-:&! &%61-6-=*4! 905((&! .V)%)*5! .0&! 9*1(+! .()%)*1! -11(;%)*1! >! .0&! %&*! +-561-/%.-:&!

+(501;*&-R*+*!*!&-=()!6-5%)*1<!+(!)*!7-57*!,017*!'%(!)05!5A&607*5!+(5.1-605!9*1*!061*5!(59(.-(5?!Q&!()!

/106(!+()!=856*;0!5(!0/5(1=:!'%(S!!)05!61-.07*5!10605!+(!)05!91-701+-05!,0)-*1(5!50&!%&!/%(&!-&+-.*+01!

+(! )*! +(,-.-(&.-*B! 7-(&61*5! '%(! (&! C*.(5! =*5.%)*1(5! +(! )*! &(1=*+%1*! .(&61*)! +(! C0D*5! 7*+%1*5! 5(!

(&.0&61:!'%(S!-4!()!+-87(610!(.%*601-*)!>!)0&;-6%+-&*)!+(!)*5!.V)%)*5!+()!N-)(7*!&0!=*1A*!.0&!()!&-=()!+(!

3!(&!()!7(+-0!(N6(1&0<!--4!7(&01!)0&;-6%+!+()!,)0(7*!(N6(1&0!*)!-&6(1&0!(&!()!61*6*7-(&60!+(!#?#E!7;!KL

E!><!---4!+(,017*.-0&(5!(&!()!6(D-+0!=*5.%)*1!+(!)*!&(1=*+%1*!.(&61*)!+(!C0D*5!7*+%1*5!'%(!.1(.-(10&!(&!

E?J!7;!KLE!+(!3?!K*!+(,-.-(&.-*!+(!3!&0!(5!=-5-/)(!*!&-=()!6-5%)*1!(&!/106(5!+()!=856*;0?!

  

Palabras clave: Boro, célula, tejido, nutrición, Persea americana 3455?, hidroponia  
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$%&'()*'!+!,-./0/-102! 3--43! &(!5-!(1-!(.! &'-!46/1! /33)-3! /1! 67(06,(!1)&8/&/(1! 6..-0&/1*!5(&'! .8)/&!

9)6%/&2!61,!2/-%,:!/1.(846&/(1!65()&!/&3!0-%%)%68!61,!&/33)-!-..-0&3!(1!&'-!&8--!+!3&6&)3!61,!/&3!/4;60&!(1!

.8)/&! ;8(,)0&/(1! /3! 0)88-1&%2! 30680-<!$3! 8((&3! %68*-%2! 0(1&8(%! 1)&8/-1&! 653(8;&/(1! 61,! &8613;(8&=! .8)/&!

9)6%/&2!61,!9)61&/&2! /3!6..-0&-,!52!*8(>&'!0(1,/&/(13! .(8!7-*-&6&/7-!3'((&3!61,! &8--!*8(>&'=!61,! &'-!

3&8)0&)8-! 61,! ;'23/(%(*2! (.! &'-! 0-1&86%! 7-/1! .8(4! 46&)8-! %-67-3! ,-&-84/1-3! &'-! -?;(8&! (.!

;'(&(321&'-&6&-3:!+!-..-0&3!(1!&'-3-!&/33)-3!>63!3&),/-,!6&!,/..-8-1&!+!%-7-%3!/1!1)&8/-1&!3(%)&/(1!@A<A#:!

A<B#:!A<C":!A<D":!A<E"!2!#<F"!4*!GH#I<!+!>63!6;;%/-,!&(!67(06,(!;%61&3!07<!J633!*86.&-,!(1&(!6!K-?/061!

8((&3&(0L!@(5&6/1-,!.8(4!&'-!364-!&8--I<!M%61&!&(&6%!5(8(1!@+&I!0(10-1&86&/(1!64()1&-,!&(!CA<N:!"#<C:!

N#<N:! DB<B:! ND<E! 61,! #BA<#! 4*! (.! +! ;-8! L*! (1! 6! ,82! 46&&-8! 563/3:! 8-3;-0&/7-%2! .(8! -60'! +! %-7-%<!

K/08(30(;/0!3&),/-3!(1!8((&!&/;3!3'(>-,!&'6&!/I!&'-!0-%%)%68!>6%%!>63!/88-*)%68%2!3'6;-,!/1!8((&3!(.!+!

,-./0/-1&!;%61&3! @!A<A#!4*!GH#I:! //I! &'-! 8((&!06;! &'/0L1-33!61,! &'-!1)45-8!(.! 0-%%)%68! %62-83!*8(>/1*!

;-8/0%/16%%2!.8(4!&'-!4-8/3&-4!&(!&'-!8((&!06;!/108-63-,!>/&'!/108-63/1*!+!0(10-1&86&/(13:!61,!///I!'/*'!

+!%-7-%3!@#<F!4*!GH#!+I!8-3)%&-,!/1!6!8-,)0&/(1!(.!&'-!3/O-!(.!2()1*!0-%%3:!/7I!,-./0/-1&!8((&!0-%%3!@A<A#!

4*! GH#! +! /1! 1)&8/-1&! 3(%)&/(1I! ;(33-33-,! /88-*)%68%2! 3'6;-,! >6%%3! 61,! ,/3(8,-8-,! ,/3&8/5)&/(1! (1! 6!

&/33)-! %-7-%:! 3/4/%68! &(! 324;&(43!,-308/5-,! .(8!(&'-8! 3;-0/-3<! P1!7-*-&6&/7-! 3'((&3! /&!>63! &(!5-! 3--1!

&'6&Q! /I! 58(L-1! &8/0(43! /1! &'-! 2()1*-3&! %-67-3! 68-! 6! *((,! /1,/06&(8! .(8! +! ,-./0/-102=! >'-8-63! &'-!

0-1&86%!7-/1!(.!46&)8-!%-67-3!-?'/5/&-,Q!/I!1(!768/6&/(1!(.!-9)6&(8/6%!61,!%(1*/&),/16%!,/64-&-8!(.!&'-!

?2%-4!0-%%3!>/&'!,/..-8-1&!+!%-7-%3:!//I!6!!346%%-8!,/3&610-!.8(4!&'-!-?&-816%!&(!&'-!/1&-816%!;'%(-4!/1!

&'-!A<A#!4*!GH#!+!&8-6&4-1&!61,:!///I!,-.(846&/(13!(.!&'-!46/1!7-/1!7630)%68!&/33)-!>'-1!*8(>1!/1!#<F!

4*!GH#!+<!+!,-./0/-102!0()%,!1(&!5-!1(&/0-,!(1!6!&/33)-!%-7-%!/1!7-*-&6&/7-!3'((&3<!

 

Index words: Boron, cell, tissue, nutrition, Persea americana #())<, hydroponics  
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"#$#!%&'()*+,,-.&!

! $%&'()! ()*+,'-./0! ()*! 01! "2! 3),! ('0*+)! 401! 56.5(5+0! 7.0! 80! 3,)4.(0! 0*! 01! 9.*4)!

:;515<5,=>5,(?5@! #AA#BC! D5! 8.30,E'('0! 40! 08+0! (.1+'F)! G5! '*(,090*+54)! 0*! 01! 35?8! 40-'4)! 51!

5.90*+)!40!15!4095*45!40!0&3),+5('H*!:I;JJI$@!KLLMBC!J1!08+54)!40!$'(G)5(N*!()*+,'-./0!

()*!M2!3),!('0*+)!40!15!3,)4.(('H*!*5(')*51!401!E,.+)C!J1!95*0O)!401!G.0,+)@!0*!()*80(.0*('5@!

0&'60! (545! F0<!95/),! 5+0*('H*! 0*! +)4)8! 1)8! 5830(+)8! ()*+,)15-108! 35,5! 3,)4.(',! E,.+)8! 7.0!

(.9315*!()*!1)8!08+N*45,08!40!(51'454!0*!01!90,(54)!*5(')*51!/!9.*4'51C!

J1! ,0*4'9'0*+)! 3,)904')! 40! 56.5(5+0! 0*! 01! 08+54)! 40!$'(G)5(N*! 08! 40! LCL2! +CG5
=K
C!

J8+0@!()935,54)!()*!01!,0*4'9'0*+)!9N&'9)!7.0!3.040!80,!40!G58+5!#A!+CG5
=K
@/!!95/),@!'*4'(5!

7.0!15!*.+,'('H*!08!.*)!40!1)8!+0958!7.0!9N8!'*+0,085!5!1)8!+%(*'()8!/!3,)4.(+),08!/5!7.0!80!

(.0*+5!()*!'*E),95('H*!'*()*8'8+0*+0!40!15!,083.08+5!401!N,-)1!5!15!E0,+'1'<5('H*!:$514)*54)@!

#AA#BC!J8+5!5(+'F'454!,03,080*+5!5(+.5190*+0!15!+0,(0,5!35,+0!40!1)8!()8+)8!40!3,)4.(('H*!40!

56.5(5+0!0*!G.0,+)8!()90,('5108!:P%1'<@!#AAABC!!

D58!E51158!0*!15!*.+,'('H*!7.0!,04.*45*!0*!15!0()*)9?5!40!3,)4.(('H*!-N8'(590*+0!8)*!

15!4'89'*.('H*!40!,0*4'9'0*+)!/!(51'454!40!E,.+58!:Q10F'*8!/!D.R58<0S8R'@!KLLMBC!J1!95*0O)!

,5(')*51!40!15!*.+,'('H*!!()*!Q!401!56.5(5+0!08!.*5!5(+'F'454!7.0!G5!+0*'4)!,083.08+58!0,,N+'(58!

0*!01!08+54)!40!$'(G)5(N*@!*)!)-8+5*+0!7.0!53,)&'954590*+0!"A!3),!('0*+)!40!15!8.30,E'('0!

8.E,0! 08+5! 1'9'+5*+0! *.+,'90*+51! :D)F5++@! KLLLBC! D5! 9'895! 5.+),5! 80T515! 7.0! 08+0!

9'(,)*.+,'90*+)! ()*+,'-./0! 5! 15! 3,)4.(('H*! 40! E,.+)8! 0*! (.5*+)! 5! (5*+'454! /! 51+5! (51'454!

()90,('51@!40-'4)!5!7.0@!40+0,9'*5!15!F'5-'1'454!401!3)10*@!E0,+'1'454!40!HF.1)8@!4085,,)11)!40!

15!E),95!40!+.-)8!3)1?*'()8@!58?!()9)!+59-'%*!01!595,,0!/!E),95!40!1)8!E,.+)8C!

D5!080*('51'454!401!Q!35,5!158!315*+58!E.0!3,)-545!3),!U5,'*6+)*!0*!KL#"@!5!35,+',!40!

0*+)*(08@! 80! G5*! '*F08+'654)! 9.(G58! ,083.08+58! +5*+)! 5*5+H9'(58! ()9)! E'8')1H6'(58! 40! 15!

315*+5!()9)!,08.1+54)!40!15!40E'('0*('5!40!08+0!9'(,)*.+,'90*+)C!I(+.5190*+0!80!85-0!7.0!1)8!

0E0(+)8!(01.15,08!40!15!40E'('0*('5!40!Q!0*!60*0,51@!'*(1./0*!,05((')*08!3,'95,'58@!80(.*45,'58!

/! G58+5! +0,('5,'58@! 4030*4'0*4)! 40! 15! F01)('454! ()*! 15! 7.0! 80! 3,080*+0*! 0*! 158! 4'E0,0*+08!

08+,.(+.,58!40!15!315*+5C!D5!,015('H*!0*+,0!158!,083.08+58!3,'95,'58!/!15!0&3,08'H*!F'8.51!40!1)8!

8?*+)958! 08! 95/),90*+0! 408()*)('45! :V.! et alC@! #AAKBC! W0),! 5X*@! 15! (158'E'(5('H*! 40! 1)8!

8?*+)958!40!40E'('0*('5!0*!516.*5!40!158!(5+06),?58!5*+0,'),08!,08.1+5!()*E1'(+'F)!40-'4)!5!7.0!

80!)-+'0*0*! ,08.1+54)8!)3.08+)8! 0*! 01!9'89)! +095@!3),! 0O0931)@!>)14-5(G! :KLLYB! '*4'(H! 15!

4'F0,60*('5!0*!1)8!,08.1+54)8!3.-1'(54)8!3),!F5,')8!5.+),08!,0830(+)!51!0E0(+)!40!15!40E'('0*('5!

40!Q!0*!15!'*G'-'('H*!40!15!4'F'8'H*!(01.15,C!J*!(59-')@!*)!0&'8+0!+51!()*+,)F0,8'5!51!90*(')*5,!

7.0!01!H,65*)!7.0!80!5E0(+5!5!(),+)!315<)!:90*)8!40!KZ!9'*.+)8B!()*!15!40E'('0*('5!40!Q!08!15!



! ""

#$%&'! ($#)*+,-$#./0)/! /0! -12! 3(*+/2! 45/--! 6!7,$08'! 9::;<!=1->?$+@!et alA'! BCC9<!D,! et alA'!

BCC9EA!

F$!#$%&!>/!$8,$+$)/!+$#/+/!>/!(/-12!#$>*+$-/2A!G2)$!+$#$+)/#%2)*+$!($#/+/!2/#!*0)#%02/+$!

>/-!8H0/#1!Persea!6$!I,/!01!2/!@$0!1?2/#J$>1!/2)$2!/2)#,+),#$2!/0!>*K/#/0)/2!8/01)*(12!>/!P. 

americana 6 P. schiedeana 4L/-$2+1MN3#>/0$2'! BCC9'! +*)$>1! (1#! O$-$&$#'! BCCBEA! F$! &10$!

./#*2)/.3)*+$!>/!-$!#$%&!(#/2/0)$!>*J*2*P0!+/-,-$#!@$+*$!/-!3(*+/!($#$!K1#.$#!-$!+1K*$!1!+$-*()#$!

6! @$+*$! -$! ?$2/! >/! -$! #$%&! ($#$! K1#.$#! -$2! +H-,-$2! I,/! 2/! >*K/#/0+*$#30! ($#$! K1#.$#! )/Q*>12!

K,0+*10$-/2!)$0)1!>/!212)H0!+1.1!>/!+10>,++*P0!+10K1#./!2/!$-/Q$0!>/-!./#*2)/.1!4O$-$&$#'!

BCCBEA!F12!)/Q*>12!/0!>*K/#/0+*$+*P0!210!-12!.32!2/02*?-/2!$!-$!>/K*+*/0+*$!>/!R'!/2(/+*$-./0)/!

-12!>/!-$!&10$!>/!/S)/02*P0!>/!-$!#$%&!/0!-$!I,/!2/!*0@*?/!/-!$-$#8$.*/0)1!6!-$!>*J*2*P0!+/-,-$#!

4T$#2+@0/#'!9::U<!O@/-('!9::"<!5/--!6!7,$08'!9::;EA!!

V-!/K/+)1!.1#K1-P8*+1!>/!-$!>/K*+*/0+*$!>/!R!#/(1#)$>1!/0!?#1)/2!*0+-,6/!/0!8/0/#$-!-$!

*0@*?*+*P0! >/-! +#/+*.*/0)1'! I,/.$>,#$2! 6! 0/+#12*2! >/-! ?#1)/'! .,/#)/! #/8#/2*J$'! )/Q*>1!

I,/?#$>*&1'! ($#/>/2! +/-,-$#/2! *##/8,-$#/2'! 8#*/)$2! 6! #1.(*.*/0)1! >/! )$--12! 6! (/+%1-12!

4=1->?$+@'! 9::;EA! N,$0>1! -$! >/K*+*/0+*$! >/! /2)/! 0,)#*./0)1! 01! 2/! .$0*K*/2)$!

.1#K1-P8*+$./0)/! /0! -12! ?#1)/2! >/-! J32)$81'! H2)12! (,/>/0! >*K/#/0+*$#2/! +1.1! P#8$012!

#/(#1>,+)*J12!6'!>/(/0>*/0>1!>/-!0*J/-!>/!>/K*+*/0+*$'!2/!(#/2/0)$!,0!#/)$#>1!1!*0@*?*+*P0!>/!

-$! K-1#$+*P0'! $?1#)1! >/! K-1#/2! 6! K#,)12'! *0@*?*+*P0! >/-! +#/+*.*/0)1! >/! ),?12! (1-%0*+12'!

?#10+/$>1!6!>/K1#.$+*P0!>/!K#,)12'!#/>,++*P0!>/!)$.$W1!>/-!K#,)1!4=1->?$+@'!9::;EA!!

7,$08! et alA! 4BCC9E! #/(1#)$#10! /-! /K/+)1! >/!R! /0! /)$($! >/! >*K/#/0+*$+*P0! 6! P#8$012!

K-1#$-/2'!F1J$))!49:::E!#/$-*&P!,0!/2),>*1!/0!/-!I,/!#/(1#)$!#/2,-)$>12!/##3)*+12!>/-!/K/+)1!>/!-$!

K/#)*-*&$+*P0!K1-*$#!/0!$.$##/!>/!K#,)12!6!R/@#/0>)!6!X18-$,/#! 49::YE!>/2+#*?/0!/-!/K/+)1!>/!

/2)/!.*+#10,)#*./0)1!/0!-$!/.?#*18H0/2*2A!Z1!1?2)$0)/'!@$2)$!-$!K/+@$!01!/S*2)/!*0J/2)*8$+*P0!

2*2)/.3)*+$! #/K/#/0)/! $! -$! ($#)*+*($+*P0! >/-! R! /0! -$! >*K/#/0+*$+*P0! >/! )/Q*>12! J$2+,-$#/2[!

S*-/.$'!K-1/.$'!#$%+/2'!)$--12!,!@1Q$2!45/--!6!7,$08'!9::;EA!!

N10! ?$2/! /0! -1! $0)/#*1#'! /-! (#/2/0)/! )#$?$Q1! +102*2)*P! /0! /2),>*$#! /-! $2(/+)1!

.1#K1-P8*+1! >/! -$2! #$%+/2'! ?#1)/2! >/-! J32)$81! 6! 0/#J$>,#$2! >/! @1Q$2!.$>,#$2! /0! (-$0)$2! >/!

$8,$+$)/!+JA!7$22'!+,-)*J$>$2!/0!@*>#1(10%$!+10!>*K/#/0)/2!0*J/-/2!>/!R!/0!21-,+*P0!/S)/#0$A!

!

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

!

!"!"1"#$%&'()%*#2'3'&%*#

O/! +1-/+)$#10! 2/.*--$2! >/! $8,$+$)/! >/! ,0! 3#?1-! +#*1--1! ./S*+$01! (#1J/0*/0)/! >/! -$!

#/8*P0! >/! \#,$($0'!T*+@1$+30A! O/! 2/-/++*10$#10! 2/.*--$2! ,0*K1#./2! 4/S+-,6/0>1! $I,/--$2!



! "#

$%&'()*+!,-.,&*!/!()01%2)*3!/!*)!$)%2.'&%1'!)'!4&*1*!()!5'.,)6!()!788!29!,1'!&$%16.:&!,121!

*5*:%&:1;!<)*=5>*!()!*5!$)%2.'&,.?'!/!-&*:&!@5)! 6&*!=6&':&*!&6,&'A&%1'!B!2)*)*!()!)(&(!*)!

%)$&%1'!,1'!&$5&!/!)'!*5!()*&%%1661!=1*:)%.1%+!>*:&*!*)!%)$&%1'!(5%&':)!5'!&C1!/!2)(.1!,1'!

*165,.?'! '5:%.:.4&! DEF3! E:).')%! DGHIG3! ,12=6):&! )'! ,5&':1! &6! ,1':)'.(1! ()! 2&,%1! /!

2.,%1'5:%.2)':1*;!9&!*165,.?'!05)!(.65.(&!#8!J!)'!.'4.)%'1!/!"8!J!)'!6&*!()2K*!)*:&,.1')*!

()6!&C1+!()L.(1!&!@5)!)6!&$5&,&:)!'1!%)*.*:)!&6:1*!,1':)'.(1*!()!*&6)*!)'!)6!2)(.1!)M:)%'1;!N'!

)*:)!=)%O1(1+!6&*!=6&':&*!05)%1'!.'P)%:&(&*!,1'!4&%):&*!()!&$5&,&:)!,4;!Q&**!=%14)'.)':)*!()!5'!

*161! K%L16;! E)! 1L:541! 5'! 61:)! -121$>')1! ()! =6&':&*! ()! G;7! &C1*! ()! )(&(! /! *.'! *O':12&*!

4.*5&6)*!()!()0.,.)',.&*!'5:%.2)':&6)*;!

!

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

! 91*! K%L16)*! .'P)%:&(1*! ()! G;7! &C1*! ()! )(&(! *)! :%&'*=6&':&%1'! )'! L16*&*! ()! =6K*:.,1!

')$%1!()!"8!M!I8!,2!)'!&%)'&!()!*O6.,)!,1'!5'&!$%&'5612):%O&!()!B!&!"!22!()!(.K2):%1!66)'&*!

-&*:&! 61*! 78! ,2;! N6! )M=)%.2)':1! *)! )*:&L6),.?! )'! 5'! .'4)%'&()%1! ()6! R16)$.1! ()!

S1*:$%&(5&(1*! 5L.,&(1! )'!T1':),.661+! U)M,1,1+! N(1;! ()!T>M.,1;! E)! .'*:&6?! 5'! *.*:)2&! ()!

%.)$1!=1%!$%&4)(&(!/!*)!&=6.,&%1'!"!%.)$1*!()!B88!29!,&(&!5'1!,1'!*165,.?'!'5:%.:.4&!E:).')%!

(.65.(&! &6! "8!J! =1%! =6&':&! (.&%.&2)':);! N6! *.*:)2&! ()! )'0%.&2.)':1! /! ,&6)0&,,.?'! =)%2.:.?!

2&':)')%!6&!:)2=)%&:5%&!)':%)!G"!/!"B!VR!DW!"!
1
R3!()!'1,-)!/!()!(O&+!%)*=),:.4&2)':);!

!

!"!"2"#3.(,4/#5,#+%&+&1.,'+/(#

X! =&%:.%! ()6! :%&'*=6&':)! DG;7! &C1*! =1*:)%.1%)*! &! 6&! $)%2.'&,.?'3+! 6&*! =6&':&*! *)!
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!"#$%&'()***+),"!%(-)./)!(0!/0%-"!*10)./)2(-()/0)"3&"!"%/)!4+)

5"667) *0.*!".(-) ./') 0*4/') !-$%*!() ) 82) !9:;<:=>?=@9:) ,?;=9>) *:) "A9;?B9)

'<?A<C7)!>@=@;?D)'<A<D)*:B@;?=9>E)
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-/6&F/0)

$%! &'()*)'+*)%! &'! ,-.-! /01! '2! 3+%! 4)5)6%+6'! 7%.%! 4%! 7.-&3**)8+! &'! %93%*%6':! ;%! <3'! %('*6%! 6%+6-! 4%!

*%4)&%&!&'! (.36%! *-5-!'4! .'+&)5)'+6-:! 4%! )+(-.5%*)8+! .'27'*6-! %4!&)%9+826)*-!&'4! '26%&-!&'4!0!'+! '4!

=.,-4!;!&'!23!)57%*6-!'+!4%!7.-&3**)8+!&'!(.36%!'2:!%!4%!('*>%:!'2*%2%5'+6'!*-+-*)&-?!@-+!,%2'!'+!4-!

%+6'.)-.:! 2'! )+)*)8!3+!'263&)-!7%.%! )&'+6)()*%.! 4-2!+)A'4'2!*.B6)*-2!&'!0!2-43,4'!;! 6-6%4!'C6.%*6%,4'?!D'!

%74)*%.-+! #! +)A'4'2! &'!0! '+! 2-43*)8+! +36.)6)A%! '+! 3+! .%+9-! '+6.'! E?EF!;! F?G!59!$HF! 7%.%! 74%+6%2! &'!

%93%*%6'!*A?!I%22! )+J'.6%&%2!2-,.'!3+!7%6.8+!5'C)*%+-!/&'.)A%&-!&'!3+!5)25-!=.,-41?!D'!&'6'.5)+8!

,-.-! 6-6%4! /061! ;! ,-.-! 2-43,4'! 'C6.%*6%,4'! /021! '+! 4%2! 7.)5'.%2! >-J%2!5%&3.%2! /#%! ;! K%! %! 7%.6).! &'4!

=7)*'1?!$-2!.'2346%&-2!5-26.%.-+!<3'!)1!'4!(%*6-.!&'!*-+*'+6.%*)8+!,%2%&-!'+!0!2-43,4'!&'!4%2!>-J%2!#%!;!

K%!'2!3+!,3'+!)+&)*%&-.!&'4!'26%&-!&'!'26'!+36.)5'+6-!'+!4%!74%+6%:!))1!'4!+)A'4!*.B6)*-!'2!&'!E?#L!59!$HF!

7%.%! 74%+6%2! *346)A%&%2! '+! 2-43*)8+! +36.)6)A%:! )))1! 4-2! +)A'4'2! &'! 02! 7%.%! 3+! )+6'.A%4-! %&'*3%&-! &'!

2374'5'+6-!&'!0!A%+!&'!E?GM!%!E?KM!59!N9HF!&'!OP!'+!4%2!7.)5'.%2!>-J%2!%&346%2!*3%+&-!2'!'C6.%'!'+!

3+%!.'4%*)8+!&'!FQFE!/7'2-RA-435'+1:!;!)A1!'4!2374'5'+6-!%&'*3%&-!&'!0!'+!2-43*)8+!+36.)6)A%!-2*)4%!

'+6.'!E?"L!;!E?SL!59!$HF?!

 

Palabras clave: B soluble,B total, B extractable, Persea americana F@DD., hidroponia 
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4'%A'2!/#6>!%+&!K6>!(.-5!6-71?!W'23462!2>-V'&!6>%6!)1!02!*-+*'+6.%6)-+!)+!6>'!#6>!%+&!K6>!%A-*%&-!4'%A'2!

)2! %! 9--&! )+&)*%6-.! (-.! 6>'! 0! 26%632! -(! 6>'! 74%+6:! ))1! 6>'! *.)6)*%4! 4'A'4! (-.! 74%+62! 9.-V+! )+! +36.)'+6!

2-436)-+!V%2!E?#L!59!$HF:!)))1!02!4'A'42!(-.!%&'<3%6'!0!23774;!.%+9'&!,'6V''+!E?GM!6-!E?KM!59!N9HF!OP!

)+!6>'!().26!%&346!4'%A'2!V>'+!'C6.%*6'&!%6!%+!'C6.%*6)-+!.%6)-!-(!FQFE!/VRA1:!%+&!)A1!%&'<3%6'!0!23774;!

)+!+36.)'+6!2-436)-+!.%+9'&!,'6V''+!E?"L!%+&!E?SL!59!$HF?!

 

Index words: soluble B, total B, extractable B, Persea americana F@DD?, hydroponics  
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$ $%&'()! ()*+,'-./0! ()*! 1"! 2! 304! 56.5(5+0! 7.0! 80! 9,)3.(0! 0*! 04! :.*3)! ;<545=5,>

?5,(@5A!BCCBDE!F5!8.90,G'('0!304!(.4+'H)!30!56.5(5+0!80!I5!'*(,0:0*+53)!0*!04!95@8!30-'3)!54!

5.:0*+)! 30! 8.! 30:5*35! 95,5! 45! 0&9),+5('J*! ;K<LLK$A! MNNODE! L4! 08+53)! 30! $'(I)5(P*!

()*+,'-./0! ()*! O"! 2! 30! 45! 9,)3.(('J*! *5(')*54! 304! G,.+)E! L4! :5*0Q)! 304! I.0,+)A! 0*!

()*80(.0*('5A!0&'60!(535!H0=!:5/),!5+0*('J*!0*!+)3)8!4)8!5890(+)8!()*+,)45-408!95,5!9,)3.(',!

G,.+)8!7.0!(.:945*!()*!4)8!08+P*35,08!30!(54'353!0*!04!:0,(53)!*5(')*54!/!:.*3'54E!

F5!*.+,'('J*!08!.*)!30!4)8!+0:58!7.0!:P8!'*+0,085!5!4)8!+%(*'()8!/!9,)3.(+),08!/5!7.0!

80! (.0*+5! ()*! '*G),:5('J*! 9)()! ()*G'5-40! 30! 45! ,089.08+5! 304! P,-)4! 5! 45! G0,+'4'=5('J*E! L8+5!

5(+'H'353!,09,080*+5!5(+.54:0*+0!45!+0,(0,5!95,+0!30!4)8!()8+)8!30!9,)3.(('J*!30!56.5(5+0!0*!

I.0,+)8!():0,('5408!;R%4'=A!BCCCDE!

L4!:5*0Q)!,5(')*54!30!45!*.+,'('J*!!304!56.5(5+0!()*!S!08!.*5!5(+'H'353!7.0!I5!+0*'3)!

9)()! '*+0,%8! 0*! 04! 08+53)! 30! $'(I)5(P*A! *)! )-8+5*+0! 7.0! 59,)&':535:0*+0! 1C! 2! 30! 45!

8.90,G'('0! 8.G,0! 08+5! 4':'+5*+0! *.+,':0*+54! ;F)H5++A! MNNNDE!F5!:'8:5! 5.+),5! 80T545! 7.0! 08+0!

:'(,)*.+,':0*+)! ()*+,'-./0! 5! 45! 9,)3.(('J*! 30! G,.+)8! 0*! (.5*+)! 5! (5*+'353! /! 54+5! (54'353!

():0,('54!30-'3)!5!7.0!30+0,:'*5!45!H'5-'4'353!304!9)40*A!G0,+'4'353!30!JH.4)8A!3085,,)44)!30!45!

G),:5!30!+.-)8!9)4@*'()8A!58@!():)!+5:-'%*!04!5:5,,0!/!G),:5!30!4)8!G,.+)8E!

U0-'3)! 54!:5*0Q)! '*530(.53)! )! 54! 308()*)(':'0*+)! 30! 45! '*G4.0*('5! 30! 4)8! G5(+),08!

(4':P+'()8!/!304!8.04)!0*!45!5-8),('J*!30!S!H@5!,53'(54A!45!G0,+'4'=5('J*!G)4'5,!80!,054'=5!():)!

.*5! 9,P(+'(5! 9,0H0*+'H5! I5-'+.54! 30! 45! 30G'('0*('5! 0*! I.0,+)8! ():0,('5408E! F)! 5*+0,'),!

()*(0*+,5! 6,5*! 95,+0! 30! 45! 5+0*('J*! 304! :5*0Q)! 304! S! 0*! 56.5(5+0A! 7.0! 5.*7.0! 08! .*!

:'(,)*.+,':0*+)A!+'0*0!.*5!:5(,)G.*('J*!0*!45!G'8')4)6@5!304!(.4+'H)E!

F)8! P,-)408! 30! 56.5(5+0! I5*! 8'3)! ()*8'30,53)8! 80*8'-408A! +5*+)! 54! 0&(08)! ():)! 5! 45!

30G'('0*('5!30!SE!F5!:03'('J*!304!()*+0*'3)! +)+54!30!S!80! ,054'=5!.8.54:0*+0!:03'5*+0!.*5!

3'608+'J*! 80(5! 304!:5+0,'54! H060+54! ;V)I*8)*! /!W4,'(IA! MNXND$9,)H0*'0*+0! 30! I)Q58!:53.,58!

():940+58!;R%4'=A!BCCCY!?))3544!et alEA!MNOMY!$543)*53)A!BCCBDE!<'*!0:-5,6)A!08+0!95,P:0+,)!

0*!(5:9)!*)!8'0:9,0!,0G40Q5!04!08+53)!*.+,':0*+54!,054!304!P,-)4A!/5!7.0!80!9.030*!0*()*+,5,!

*'H0408! 54+)8! 30! S! +)+54! ;S+D! 0*! P,-)408! 7.0! :.08+,5*! 30G'('0*('5! H'8'-40! 30! 08+0!

:'(,)*.+,':0*+)E!

L4!S!8)4.-40!;S8D!():9,0*30!04!S!4'-,0!0*!G),:5!30!Z1S[1!/!04!7.0!08+P!4'60,5:0*+0!

():940Q53)E$ <I.&'5*6! et alE! ;BCCBD! ,09),+5,)*! 7.0! 45! ()*(0*+,5('J*! 30! S8! 08! 04! :0Q),!

'*3'(53),!95,5!0H54.5,!04!*'H04!3'89)*'-40!30!08+0!*.+,':0*+)!95,5!04!3085,,)44)!30!45!945*+5E!
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$%&'! ()*+,'&*-! './0'12/)! '1! ,/13&-%! 4)! 0'5/2/'12/)! /1032/0)! '1! &'6/0-! '1! '&)()! 0'!

0/5'*'12/)2/71!89-40:)2;!et al<=!>???@<!!

9)%%'*&! et al.! 8>??>@! './0'12/)*-1! 31!,'2)1/%,-! 0'! ):%-*2/71! )2&/.)! '1! 4)%! (4)1&)%!

A3'!)2&B)!)!1/.'4'%!:)6-%!0'!2-12'1&*)2/71!0'!C<!$%&'!,'2)1/%,-!%'!0'&'2&)!!23)1&/5/2)10-!4)!

2-12'1&*)2/71!0'!C!'1! '4! 'D&*)2&-! 2'434)*! 5*'%2-!0/./0/0-!'1&*'! 4)! 2-12'1&*)2/71!0'!C!'1! '4!

,'0/-!'D&'*/-*!E!%/*.'!()*)!2)*)2&'*/F)*!4)!):%-*2/71!0'!C!'1!(4)1&)%!%3('*/-*'%<!$%&-%!)3&-*'%!

2-1243E'*-1! A3'! '4! 5)2&-*! 0'! 2-12'1&*)2/71! 0'! C! 8GHC@! .)*I)! '1&*'! '%('2/'%! E! 234&/.)*'%<!

J0',+%=! 'D(4/2)*-1! 4)%! 0/5'*'12/)%! 0'! ):%-*2/71! 0'! C! (*-.'1/'1&'! 0'! 4)! %-432/71! 13&*/&/.)!

8KL@! (-*! 4)! (4)1&)! 2-,(4'&)! ,'0/)1&'! 31! GHC<! H-1! :)%'! '1! 'D('*/,'1&-%! *')4/F)0-%! 2-1!

).'1)! E! &*/M-! 8L):4'! et al=! NOOP@=! M/*)%-4! 8Q5'55'*! et al<=! NOOO@=!Desmodium ovalifolium! E!

Arabidopsis thaliana!89)%%'*&!et al.,!>??>@=!'4!.)4-*!0'4!GHC!(3'0'!%'*!!!N<!

$4! &*)%(-*&'!()%/.-!)! &*).R%!0'! 4)!,',:*)1)!(4)%,+&/2)!(3'0'!'D(4/2)*%'!(-*! %/,(4'!

0/53%/71!)!&*).R%!0'!%3!:/2)()!4/(I0/2)!E!(-*!&*)1%(-*&'!,'0/)1&'!2)1)4'%=!0'('10/'10-!0'!4)!

2-,(-%/2/71! 0'! 4)%! 2)()%! 4/(I0/2)%! E! 0'! 4)! 2-,(-%/2/71! 0'! 4)%! (*-&'I1)%! A3'! 2-1&/'1'<! $1!

2),:/-=!4)!('*,'):/4/0)0!*'%&*/1M/0)!0'4!+2/0-!:7*/2-!(3'0'!'D(4/2)*!4-%!GHC!,'1-*'%!A3'!N!

E!%'!,)1/5/'%&)!23)10-!4)!2-12'1&*)2/71!0'4!,'0/-!'D&'*1-!'%!)4&)!()*)!4)!'%('2/'!-!.)*/'0)0!

8C*-S1!et al=!>??>T!U)11'4!et al<=!>??>@<!

K&)1M-34/%!et al<!8>??N@!0'%2*/:/'*-1!'4!&*)1%(-*&'!:/5+%/2-!0'!+2/0-!:7*/2-!)!&*).R%!0'!

,',:*)1)%!!0'!Chara corallina=!0'('10/'10-!0'!4)!2-12'1&*)2/71!0'4!,'0/-!'D&'*1-<!$%&'!'%!

5)2/4/&)0-! 80'('10/'1&'! 0'! '1'*MI)! -! )2&/.-@! E! %'! %)&3*)! )! V! WX=! E! 0'%(3R%! 0'! '%&-=! 4)!

('1'&*)2/71!%'!44'.)!)!2):-!(-*!%/,(4'!0/53%/71!2-1!31)!5)%'!4/1')4<!$%&'!,'2)1/%,-!&),:/R1!

(3'0'! 'D(4/2)*! 4)%! '1-*,'%! 0/5'*'12/)%! 0'! ):%-*2/71! 0'! C! '1&*'! '%('2/'%! E! M'1-&/(-%!

8C'44)4-3/!E!C*-S1=!NOO#@<!

Y)! 1'2'%/0)0! 0'! '12-1&*)*! 31! Z1/.'4! 2*I&/2-[! ()*)! '%&'! 5*3&)4! 1-%! -:4/M)! (*/,'*-! )!

0'5/1/*! \A3R! '%! 31! 1/.'4! 2*I&/2-]! Q)*)! )4M31-%! 13&*/,'1&-%! 4-%! 4I,/&'%! '1&*'! %35/2/'12/)! E!

0'5/2/'12/)!%-1!'%&*'2;-%!E=!('-*!)B1=!-23**'1!&*)%4)('%!0':/0-!)!A3'!4-%!*'A3'*/,/'1&-%!.)*I)1!

'1&*'! '%('2/'%! E! 234&/.)*'%! 893(&)=! NOO^@! E! %'MB1! '4! '%&)0-! 5/%/-47M/2-! 0'! 4)! (4)1&)<! Q)*)!

)4M31-%!/1.'%&/M)0-*'%!'4!1/.'4!2*I&/2-!'%!)A3'4!A3'!%'!1'2'%/&)!()*)!-:&'1'*!O?!_!0'4!,+D/,-!

*'10/,/'1&-!8U)./%!et al<=!NOP#T!`43M'!E!Q-04'%)a=!NO#V@<!b&*-%!)3&-*'%!2-1%/0'*)1!'4!1/.'4!

2*I&/2-! 2-,-! '4! *)1M-! :)6-! -! ,)*M/1)4! A3'! 0','*/&)! 0'! V! )! N?!_! '4! *'10/,/'1&-! ,+D/,-!

8K+12;'F! et al<=! >??P@<! Q-*! -&*-! 4)0-=! 'D/%&'1! 234&/.-%! '1! 4-%! A3'! 4)! 0'5/2/'12/)! 0'! C! 1-!

0','*/&)! 4)! 2)1&/0)0=! %/1-! 4)! 2)4/0)0! 0'! 2-%'2;)! 8cR4/F=! >???T!X)40-1)0-=! >??>@<! Q-*! &)4'%!

,-&/.-%!%'!*'A3/'*'!0'5/1/*!'4!1/.'4!2*I&/2-!0'!C!()*)!2)0)!234&/.-!E!2-1%/0'*)*!4)%!2-10/2/-1'%!
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$%&'()&$*+!,!-.*/0%12&$*+!34-!&5/%4&6(5!-5!+4!.-+*660%%07!85!-+)-!)6*9*:0;!-%!<5&=-%!$6>)&$0?!-+!%*!

'(@&'*!$05$-5)6*$&15!:4+)*'-5)-!+4/&$&-5)-!A*6*!-=*.&6!6-*$$&05-+!.-!.-/&$&-5$&*7!!

B05! 9*+-! -5! %*! A609%-'()&$*! *5)-6&06;! -%! A6-+-5)-! )6*9*:0! A6-)-5.-! A60A05-6! -%! CBD!

$4*5)&/&$*.0! -5! %*+! EF! ,! GF! ! H0:*+! I4+4*%'-5)-!'4-+)6-*.*+! -5! $*'A0J! A*6*! .-/&5&6! -%! 5&=-%!

$6>)&$0!.-!D!-5!*24*$*)-!$=7!K*++7!!

!

!"#"$%&'()*&+(,$-$./'010,$

!

!"#"2"$%&'()*&+$3(4('&+$

L-! $0%-$)*605! +-'&%%*+! .-! *24*$*)-! .-! 45! (690%! $6&0%%0! '-@&$*50! A60=-5&-5)-! .-! %*!

6-2&15! A60.4$)06*! .-! *24*$*)-! -5! -%! '45&$&A&0! .-! M64*A*5;! N&$H0*$(57! L-! +-%-$$&05*605!

+-'&%%*+!45&/06'-+! I-@$%4,-5.0!*34-%%*+!26*5.-+;!$H&$*+!,!.-/06'-+J!,!O+)*+! +-!2-6'&5*605!

-5!*260%&)*7!P0+)-6&06'-5)-;!%*+!A%*5)*+!+-!&5:-6)*605!$05!=*6-)*+!A60=-5&-5)-+!.-!45!+0%0!(690%!

.-!*24*$*)-!$=7!K*++7!B05!-+)0!+-!09)4=0!45!%0)-!H0'02O5-0!.-!A%*5)*+!$6&0%%*+!&5:-6)*.*+!.-!

Q7R! *S0+! .-! -.*.! $05! %*+! $*6*$)-6>+)&$*+! $05=-5$&05*%-+! *! 5&=-%! $0'-6$&*%7! T-+A4O+! .-! +4!

2-6'&5*$&15! ,! H*+)*! 34-! O+)*+! *%$*5U*605! V! '-+-+! .-! -.*.! +-! 6-2*605! $05! *24*! ,! -5! +4!

.-+*660%%0!A0+)-6&06;!$05!+0%4$&15!54)6&)&=*!ILWJ!L)-&5-6!IQ#EQJ!.&%4&.*!XY!Z7!T-!-+)*!'*5-6*!

+-!09)4=&-605!A%*5)*+!+*5*+!,!+&5!+>5)0'*+!.-!.-/&$&-5$&*+!54)6&'-5)*%-+7!

!

!"#"#"$5)&6,7+&6'($-$8*'*0$9:7()*.(6'&+$

! [0+! (690%-+! &5:-6)*.0+! .-! Q7R! *S0+! .-! -.*.! +-! )6*5+A%*5)*605! -5! 90%+*+! .-! A%(+)&$0!

5-260!.-!XY!@!EY!$'!-5!*6-5*!.-!+>%&$-!$05!45*!26*54%0'-)6>*!.-!V!*!X!''!.-!.&('-)60!%%-5*+!

H*+)*! %0+! RY! $'7! 8%! -@A-6&'-5)0! +-! -+)*9%-$&1! -5! 45! &5=-65*.-60! .-%! B0%-2&0! .-!

P0+)26*.4*.0+! 49&$*.0! -5!N05)-$&%%0;! \-@$0$0;! 8.07! .-!NO@&$07! L-! &5+)*%1! 45! +&+)-'*! .-!

6&-20! A06! 20)-0! $05! X! 6&-20+! .-! VYY!'[! .-! +0%4$&15! 54)6&)&=*! L)-&5-6! .&%4&.*! *%! XY!Z! A06!
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C10/.2.C12.,(!*<.+*(/*!*(!*3!.(20*9*(/%!*(!*3!2%(/*(.+%!+*!E!*(!31&!C31(/1&!+*!*&/*!2<A!FT!...8!*3!E!/%/13!

F! *3! /.C%! +*! *(+,-./%! .(%2;31+%! /.*(*(! +.-*0*(2.1&! *&/1+=&/.21&! &.)(.-.21/.<1&! 2%9%! -12/%0*&!

.(+*C*(+.*(/*&!C*0%!31!.(/*0122.,(!(%!-;*!C0%:1+1A!G%(!:1&*!*(!*&/*!0*&;3/1+%!(%!C%+*9%&!1-.0910!?;*!

3%&!567!C10/.2.C1(!*(!31!1:&%02.,(!+*3!EA!K*!0*?;.*0*!91&!.(<*&/.)12.,(!C101!C0%:10!*&/1+=&/.219*(/*!
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Palabras clave: andosol, absorción, solubilización, Glomus intrarradices, dark septated fungi.  
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)%()1!-.!5'./1!&161!-.!6%).2*%/!K.H.)%/!5.!&'%()*+*&,!6.-*%().!./!67)1-1!2.&16.(-%-1!012!

e*66.2!8!U1/-O%&:!<=>>cAB!

!



! "#

! !"#"$"%&'()'*%+(,-./0'*%(10/2'*%3456%+(%7/8-*.+71%,+%1)91:10+%:2"%&1**%

$%!&'!()*+,-.('!/.!0&'%1',!/.!234'5'1.!6Persea americana Mill.7!589!:',,!54&1)8'/;,!

.%! 4%! '%/;,;&! /.! 4%! <4.(1;! 5;=.(5)'&! 0(;5./.%1.! /.! &'! (.3)+%! /.! >(4'0'%!?)5<;'5@%! ,.!

.%5;%1('(;%! 0(.,.%1.,! &;,! ;'()'*% </:'77=8/:'*% 2+:=:9>'?17@9*:9>17+*% 3&ABC6!

Scutellospora nigra 62%.A;! #9B97, Gigaspora '--9! Gigantea 62%.A;! #9C97,! Glomus '--9!

233(.3'14=!62%.A;!#9D97!E!Scutellospora ,0!62%.A;!#9#979!2/.=@,F!,.!;G,.(8+!&'!0(.,.%5)'!

'G4%/'%1.!/.! &;,!/.%;=)%'/;,!D17E%*+F010+,%.9()/% 3DGH6! 62%.A;!#9H979!I'!0(;0;(5)+%!/.!

'=G;,!<;%3;,!.%/+-)1;,!('/)5'&.,!-4.!/.!DDJ"K!L!!0'('!!:?M2JNOP9!2&!5;%Q4%1;!/.!1;/;,!

.,1;,!3R%.(;,!E!.,0.5).,!,.!&.!/.%;=)%'!4(,-./0'*%512/0'*%3456!.%!&'!0(.,.%1.!5;%1()G45)+%9!

!

!"I"%J+*9>01,'*%K%,/*:9*/-(%

%

I'!='E;(!5'%1)/'/!/.&!G;(;!5;%1.%)/;!.%!4%'!0&'%1'!/.!'34'5'1.! 6Persea americana!

?)&&97!,.!&;5'&)*'!.%!&;,!1'&&;,!6DBS#H!LF!)%-;(='5)+%!%;!)%5&4)/'!.%!.&!1.A1;!/.()8'/'!/.!.,1'!

)%8.,1)3'5)+%79! 2/.=@,F! .&! 5;%1.%)/;! /.! .,1.! %41()=.%1;! .%! 1'&&;,! 1).%.! 4%'! 5;((.&'5)+%! /.!

T9U#!60(;G'G)&)/'/!/.!V9TTTB7!5;%!.&!5;%1.%)/;!/.!W!1;1'&!.%!&'!0&'%1'!62%.A;!#9K79!X;%!G',.!

.%!&;!'%1.();(F!&;,!1'&&;,!,;%!4%'!.,1(4514('!(.0(.,.%1'1)8'!/.&!.,1'/;!/.&!W!.%!.&!@(G;&9!

!

L91,7'%!"M"%L'(0+(/,'%,+%N%0'01>%F'7%+*079:0971*%,+%1)91:10+%3Persea americana%A/>>"6%

:2"%&1**%,+*F9O*%,+%9(%1P'%,+%>1%/(':9>1:/-(%:'(%;'()'*%+(,-./0'*%71,/:1>+*"%

%

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

/0$123$21&#

Testigo 
Glomus 

intrarradices 
Endófitos 
Nativos 

4565#########
(!#"#7578.#

# # # # #

Brotes 62.0a 60.4a 70.8a 30.1 

Hojas medias 113.4a 129.1a 153.9a 35.8 

Hojas viejas 33.0b 36.1b 55.3a 38.1 

Tallos 186.7b 278.4a 301.6a 14.8 

Raíces gruesas 83.5a 122.3a 149.8a 37.1 

Raíces delgadas 49.2b 51.3ab 56.3a 39.8 

      

Total  528.0b 677.5ab 787.8a 21.8 

Q+071*%,/.+7+(0+*%/(,/:1(%,/.+7+(:/1*%+*01,=*0/:1*%+(07+%0/F'*%,+%/(-:9>'"%L"B"R%:'+./:/+(0+%,+%217/1:/-(S%(R%

T"%

!

Y;(! ;1(;! &'/;F! &'! )%;54&'5)+%! 5;%! :$Z! -'8;(.5)+! &'! '54=4&'5)+%! /.! W! .%! '&34%',!

.,1(4514(',! /.! &'! 0&'%1'9! $&!X4'/(;! #9B!=4.,1('! &'!='E;(! '54=4&'5)+%! /.!W! ,.! ;G,.(8+! .%!

.,1(4514(',! 8).Q',! 5;=;! ,;%! <;Q',! 8).Q',F! 1'&&;,! E! ('[5.,! 3(4.,',! /.! &',! 0&'%1',! )%;54&'/',!



! "#

$%&'()(*(+! $%,-)(! .(+! */.! -/+-01%! 2+0,! 0,3$4.%5! /,! /.! 64/! /+-(+! /+-)4$-4)(+! ($4&4.()%,! 4,(!

$%,-/,0*%!*/!7!+01,080$(-09(&/,-/!&/,%):!!

;.!&4-4(.0+&%! $%,!<;=!1/,/)(.&/,-/! 0,$)/&/,-(! .(! (>+%)$03,! */! ,4-)0&/,-%+! -(./+!

$%&%!/.!?!@!/.!AB!/+'/$0(.&/,-/!/,!+4/.%+!$%,!>(C%!$%,-/,0*%!*/!&0,/)(./+!/+$/,$0(./+!'()(!/.!

*/+())%..%!*/! .(+!'.(,-(+! 2D/,1/!et al:B!EFGH5:!I$%)*/!$%,!/+-/!$%&'%)-(&0/,-%B!(.!(,(.0J()!

0,*/'/,*0/,-/&/,-/!.(!$%,-/,0*%!*/!7!/,!-(..%+!'%)!,09/.!*/!7!+%.4>./!/,!+4/.%B!+/!/90*/,$03!

64/!.%+!-(..%+!*/!.%+!K)>%./+!64/!$)/$0/)%,!/,!.(!$%,$/,-)($03,!*/!H:#!&1!L1
ME
!*/!+4/.%!+/$%!,%!

&(,08/+-()%,! )/+'4/+-(! /,! /.! $%,-/,0*%! */! 7! -%-(.! (! .(! 0,%$4.($03,! */! <;=:! ;,! $(&>0%B!

$4(,*%!.(!'.(,-(!$)/$03!/,!,09/.!*/80$0/,-/B!.(!9/,-(C(!*/!.(!0,%$4.($03,!+/!N0J%!'(-/,-/!$%,!/.!

0,$)/&/,-%! +01,080$(-09%! */.! $%,-/,0*%!*/!7! -%-(.! 2O4(*)%!P:Q5:!;.! (,K.0+0+! /+-(*R+-0$%! */!7!

-%-(.! */! .%+! -(..%+! ')/+/,-(! /.!&/,%)! $%/80$0/,-/! */! 9()0($03,! 2O4(*)%! P:E5:! ;+-/! '()K&/-)%!

)/+'(.*(!$%,80(>./&/,-/!.(+!*08/)/,$0(+!/+-(*R+-0$(+!/,-)/!/+-)4$-4)(+:!

!

!"#$%&'()*)'!&+,-+.$&'$-'/',&,#0'-+',#00&1'$-'#2"#3#,-'4Persea americana'5.00)6'37)'8#11'

$-19":1' $-' "+' #;&' $-' 0#' .+&3"0#3.<+' 3&+' =&+2&1' -+$<>.,&1' %#$.3#0-1' 3"0,.7#$&1' -+' ?'

+.7-0-1'$-'/'-+'1"-0&)'

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

()*"2*
!+
"340'%"

305%," Testigo 
Glomus 

intrarradices 
Endófitos 
Nativos 

6787""""""""
(!"""979:,"

" " " " "

0.13 93.0b 143.9a 167.1a 13.2 

0.25 174.8b 312.6a 312.9a 12.9 

0.5 292.4a 378.5a 425.3a 15.61 

          

@-,%#1'$.>-%-+,-1'.+$.3#+'$.>-%-+3.#1'-1,#$A1,.3#1'-+,%-',.9&1'$-'.+<3"0&)'!)B)C'3&->.3.-+,-'$-'7#%.#3.<+D'+C'

?)'

!

;.!/8/$-%!*/+'4S+!*/!4,!(T%!*/!.(!0,%$4.($03,!$%,!<;=!+%>)/!/.!$%,-/,0*%!*/!7!-%-(.!

/,! -(..%+! */! .(+! '.(,-(+! 64/! $)/$0/)%,! /,! .%+! ,09/./+! H:EU! @! H:Q#! &1! L1
ME
! */! 7! /,! +4/.%!

2*/80$0/,-/+5!+/!&4/+-)(!/,!.(!V014)(!P:E:!;+-(!0&(1/,!'%,/!/,!/90*/,$0(!.(!*/+9/,-(C(!/,!/.!

$%,-/,0*%! */! 7! */! .(! '.(,-(! @! /,! 80)&/J(! */.! -)(-(&0/,-%! +0,! <;=! 2-/+-01%5! $%,-)(! .%+!

0,%$4.(*%+:!

!
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Firmeza en tallos BT en tallos

!

!"#$%&' ()*)' !"%+,-&' ,.' /&0012' 3' 41./,."51' 5,' 6' /1/&0' 5,' 70&./&2' 5,' &#$&4&/,' 8Persea 

americana'9"00):';$,'4%,4",%1.'$.'&<1'41.'".14$0&4"=.'5,'>1.#12',.5=?"/12'%&5"4&0,2'41.'

."@,0' A&B1' 5,'6' ,.' 2$,01)'CD' 70&./&2' /,2/"#1' 82".' ".=4$01:E'F"D' 70&./&2' ".14$0&5&2' 41.'

Glomus intrarradicesE' GHD' 70&./&2' ".14$0&5&2' 41.' ,.5=?"/12' .&/"@12E' 0,/%&2' 5"?,%,./,2'

21A%,'0&2'410$+.&2'".5"4&.'5"?,%,.4"&2',2/&5I2/"4&2',./%,'/"712'5,'".=4$01'8!'"'J)JK:)'

!

#$! %&'()*'!+,-!(.'.()/$!/01!2!0'! 1$-!31$'4$-!0-! 1$! %.5+$()*'!6!0-4$7)1)8$()*'!/0! 1$!

3$50/! (01&1$5! +0/)$'40! 1$! 1)9$/&5$! (5&8$/$! (.'! 3.1)-$(,5)/.-! 3:(4)(.-! 0'! 01!

5$+'.9$1$(4&5.'$'.!;;!<=$4.>?!@AABCD!#$!)+31)($()*'!/0!1$!/0%)()0'()$!/0!2!0'!4$11.-!>$!-)/.!

3&71)($/$! 3.5! E$5).-! $&4.50-D! F.5! 0G0+31.?! 01! /0-$55.11.! /01! H)10+$! 0-! )+3.54$'40! 3$5$! 1$!

$5I&)40(4&5$! %1.5$1! 6! 1$! +.5%.1.9J$! /0! 1$-! >.G$-! 0'! (.'/)().'0-! /0! /0%)()0'()$! /0! 0-40!

'&45)+0'4.! /07)/.! $! -&! )+3$(4.! 0'! 1$! 45$'-3)5$()*'! 6! /)-45)7&()*'! /0! %.4.-)'4$4.-! >$()$!

*59$'.-!5035./&(4)E.-!6!%5&4.-!<K011!6!L&$'9?!@AABCD!M$'4.!01!2?!(.+.!1$-!$&H)'$-!3$54)()3$'!

0'! 1$! 7).-J'40-)-! /0! 1)9')'$! 6! 0'! 1$! /)%050'()$()*'! /01! H)10+$! <#0N)-?! @AOPC?! 0-4$-! (:1&1$-!

/0%)()0'40-! 3&0/0'! 1109$5! $! 1)9')%)($5-0! $&'! (&$'/.! -&! $'$4.+J$! 0-! /0%.5+0! <Q.7054-.'! 6!

#.&9>+$'?!@ABRCD!#$-!($5$(405J-4)($-!$'405).50-!0'!,57.10-!/0%)()0'40-!0'!2!35./&(0'!5$+$-!

)'($3$(0-!/0!-.3.54$5!01!30-.!/01! %.11$G0!<K011!6!=$1$G(8&S?!@AARCD!T'!($+7).?!>$-4$!/.'/0!

(.'.(0+.-!$!1$!%0(>$!'.!>$!-)/.!503.54$/.!01!)'(50+0'4.!0'!1$!%)5+08$!/0!4$11.-!)'/&()/$!3.5!

1$!)'.(&1$()*'!/0!LTQ!0'!31$'4$-!/0%)()0'40-!/0!2!<U)9&5$!RD@CD!F$5$!01!$9&$($40!1$!%)5+08$!0'!

4$11.-!0-!35)+.5/)$1!/$/.!I&0!01!,57.1!4)0'0!I&0!-.-40'05!01!30-.!/0!1$!%5&4$?!3.5!4$1!+.4)E.?!01!

!$!
!!$!

!!7!

!$7!

!!7!

!$!



! "#

$%$&&'!('!&$%$)!'*!+,'&-.)!/.%'&/0$1')!)'!+$!/.*2'&-0(.!'*!,*$!3&4/-0/$!/.%5*!3$&$!'20-$&!

6,'!'1!3').!1$)!(')7$8'9!

:*!'1!$*410)0)!')-$(;)-0/.!('!<0&%'=$!'*!-$11.)>!1$!0*-'&$//0?*!'*-&'!'1!*02'1!('!@!'*!'1!

),'1.!A!1.)!'*(?<0-.)!0*./,1$(.)!&'),1-?!$1-$%'*-'!)07*0<0/$-02$!'B310/$*(.!/.*!')-'!&'),1-$(.!

6,'! 1$! <0&%'=$! ('! 1.)! -$11.)! ')-4! (0&'/-$%'*-'! &'1$/0.*$($! /.*! '1! -03.! ('!C:D! $)./0$(.! $1!

$7,$/$-'!/29!C$))9!:)-.!'*!1$)!31$*-$)!/.*!*02'1')!E$8.)!('!@!'*!),'1.!FG9HI!A!G9JK!%7!L7
MH
!('!

@! /.*! E$)'! '*! ),'1.! )'/.N9! :*! /$%E0.>! 1$)! 31$*-$)! /.*! G9KI! %7! L7
MH
! ('! @! '*! ),'1.! *.!

%$*0<')-$&.*!'1!'<'/-.!('!1$!0*./,1$/0?*!('!C:D!'*!'1!0*/&'%'*-.!('!/.*-'*0(.!('1!@!-.-$1!*0!

'*!1$!<0&%'=$!('!-$11.)!FO,$(&.!P9JN9!!

Q$! 7$*$*/0$! ('! @! '*! 1.)! -$11.)! ('! 31$*-$)! 0*./,1$($)! 3.&! ,*! 3'&0.(.! ('! ,*! $R.! )'!

3&')'*-$!'*!1$!S07,&$!P9J9!:*!'11$!)'!%,')-&$!')-$(;)-0/$%'*-'!1$!2'*-$8$!('!1$!0*./,1$/0?*!/.*!

C:D!F:T!.!U0N! /.%3$&$($!/.*-&$! 1$! ')/$)$!7$*$*/0$!('1! -&$-$%0'*-.! -')-07.9!Q'V0)! FHWXGN!

/.)0('&?!6,'!*.!./,&&'!1$!-&$)1./$/0?*!('1!@!3.&!%'(0.!('1!1.)!C:D!+$/0$!1$)!31$*-$)!('E0(.!$!

6,'! 1.)!C:D! -0'*'*!%$*0-.1>! /$&E.+0(&$-.!('! $1-$! $<0*0($(!3.&! '1!@!A>! 3.&! /.*)07,0'*-'>! *.!

3'&%0-'! 1$! %.2010($(! ('1! @! ('*-&.! ('! ')-.)! '*(?<0-.)9! :*! /.*-&$)-'>! 1$! ),/&.)$>! 3&0*/03$1!

/$&E.+0(&$-.!('! 1$)!31$*-$)! 107*0<0/$($)!3$&$! -&$)1./$/0?*!('1!@>! -0'*'!E$8$!$<0*0($(!3.&!')-'!

*,-&0%'*-.!A!3.&!'*('>!+$/'!3.)0E1'! 1$!%.2010($(!('1!@!('*-&.!('1!B01'%$9!Y3,')-$%'*-'!$!

')-'!&$=.*$%0'*-.>!$+.&$!)'!)$E'!6,'!'*!2'=!('!'20-$&!1$!%.2010($(>!')-.)!/.%31'8.)!@M$=5/$&M

$1/.+.1!)'!%,'2'*!3.&!'1!B01'%$!FC,!et al9>!HWW#N9!Z.&!-$1!%.-02.>!'B0)-'!1$!3.)0E010($(!('!6,'!

')-.)! /.%31'8.)! 3.(&;$*! )'&! 3.-'*/0$1%'*-'! -&$)1./$(.)! 2;$! +.*7.)! %0/.&&;=0/.)! A! '*! 1$!

0*-'&<$)'!+.*7.M31$*-$!('E0(.!$!6,'!1.)!'*(?<0-.)!/.*-0'*'*!3.10.1')9![$%E0\*!')!3.)0E1'!6,'!

'1! 4/0(.! E?&0/.! 10E&'! )'$! -&$*)1./$(.! 2;$! C:D! ('E0(.! $! 6,'! (0/+.)! +.*7.)! $E).&E'*!

/$*-0($(')!)07*0<0/$-02$)!('!$7,$!F],((&0(7'!et al.>!HWXGN9!

:*! -\&%0*.)! 7'*'&$1')>! 1$! -&$)1./$/0?*! ('! @! 3.&! C:D! +$! &'/0E0(.! ')/$)$! $-'*/0?*9!

:)-,(0.)!&'$10=$(.)!3.&!Q'+-.!A!Q$.2$!F/0-$(.)!3.&!Q'+-.!et al9>!JGGPN!/,$*-0<0/$&.*!'*!/$%3.!

,*$!/.*/'*-&$/0?*!('!HG!A!IK!%7!L7
MH
!('!@!'*!$/;/,1$)!('!Picea abies!FQ9N!A!'*!')3.&./$&3.)!

('! Paxillus involutus! FS&9N! S&9>! &')3'/-02$%'*-'9! O.*! E$)'! '*! ')-'! ')-,(0.>! 1.)! $,-.&')!

3&.3.*'*!1$!+03?-')0)!('!6,'!Paxillus involutus!FS&9N!S&9!$E).&E'!@!A!1.!-&$)1./$!$!1$)!3$&-')!

$\&'$)!('!1$!31$*-$9!:)-'!%0)%.!+.*7.!-$%E0\*!-&$)1./?!
HG
@!$!$/;/,1$)!('!Betula pendula!FQ9N!

D.-+9! FQ'+-.! et al9>! JGGPN9!Q.)! $,-.&')! *.! /.*/1,A'&.*! )0! 1$! $E).&/0?*! <,'! 3$)02$! .! $/-02$>!

3'&.!/.*!),)!&'),1-$(.)!3&.E$&.*!6,'!')-'!+.*7.!$E).&E'!A!-&$)1./$!@!$!1$!/.*;<'&$!+,\)3'(9!

C$)-$!(.*('!/.*./'%.)>!\)-'!')!'1!5*0/.!')-,(0.!('!-&$*)1./$/0?*!('!@!3.&!+.*7.)!'*(?<0-.)!

'*(.%0/.&&;=0/.)9!

!
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Testigo

Glomus intrarradices

Endófitos Nativos

!

!"#$%&' ()*)' +",-."/&' 01' &/$.$2&/"3,' 01' 4' 565&2' 1,' 267' 5&2267' 01' 82&,5&7' 01' &#$&/&51'

9Persea americana':"22);'<$1'/%1/"1%6,'$,'&=6'/6,'6'7",'",6/$2&/"3,'01'>6,#67'1,03?"567'

%&0"/&217'&2'.6.1,56'01' 2&' ",6/$2&/"3,'9@'.1717;A'&,517'01' 2&'&82"/&/"3,'01'@)BC'D'@)*E'

.#' F#
GB
' 01' 4' 1,' 7$126' 01?"/"1,51' 9H' .1717' 86751%"6%17' &' 2&' ",6/$2&/"3,;' D' &2' ?",&2' 012'

1I81%".1,56'9B*'.1717;)'J15%&7'0"?1%1,517'",0"/&,'0"?1%1,/"&7'175&0K75"/&7'1,5%1'5"867'01'

",3/$26'9!'"'@)@E;)'

!

$%&!'()*+,-.!&-!'/%01'&!*&1'2'3'&1'0!3'!45'!6*!*)0-+2%7&!-!1+*06-2*2%7&!3'!8!-25++*!

2-&!'&3-(%2-+%9*0!&%!'&!3%2-1%6'37&'*0:!;-0!+'0561*3-0!3'!6*!<+'0'&1'!2-&1+%)52%7&!<'+(%1'&!

'=%3'&2%*+!6*!<*+1%2%<*2%7&!3'!'6!2-&>5&1-!3'!,?&'+-0!3'&-(%&*3-0!'&37@%1-0!&*1%=-0!ABCD!'&!

6*!*)0-+2%7&!3'!8!('3%*&1'!050!E%@*0!F!05!1+*06-2*2%7&!!*!3%@'+'&1'0!<*+1'0!*?+'*0!3'!*,5*2*1':!

G-&!)*0'!'&!6-0!+'0561*3-0!-)1'&%3-0!'/%01'!6*!<-0%)%6%3*3!3'!E%<-1'1%9*+!45'!H%!F!'6!2-(<6'>-!

3'!BC!2-&1%'&'&!5&*!3-1*2%7&!3'!5&*!-!(I0!*9J2*+K*62-E-6'0!45'!<'+(%1'&!6*!1+*06-2*2%7&!3'!

8!*!1+*=?0!3'!6*0!E%@*0!E*2%*!6*!<6*&1*!3'!*,5*2*1'!45'!2-&1%'&'!*9J2*+'0!3'!L!2*+)-&-0!2-(-!

0-&!MKmannoKE'<156-0*!F!<'+0'%1-6!AG-N*&.!OPPQD:!!
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$%&'()%!*'(+),)%!-.,-/-,0)1+2.32!2.!21!%021'4!51'6'%)%!,2!7'1'(!7)*8!'%70('!)!.25('!,2!9::;

<=:!!+!,2! ,->+23('4! 7'.! 0.)! &)(2,! 2?32(.)! '(.)+2.3),)! 7)*8! '%70('! )! .25('! @! 0.)! &)(2,!

-.32(.)!1)+-.),)!7)*8A!B)!C-*)!%0%32.3'()!2.!*'(+)!1)32()1!,2!7'1'(!7)*8A!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

 

 

 

 

 

 

 

 

 

 

 

!"#$%& '()( A) Scutellospora nigra *+,%-.& -%/.&0%+/-."1%& 2.& %-".0#"/.345"& 6& 2.& 748.&

+9+/#"/%-.& :;<& )=$>& ?<& .3#-3.04#"/%& 1#& 2.& %-".0#"/.345"& 1#& ,.-#1& & '=$>& @<& #+,%-.&

A2%B%+.&3%"&/9B%&A#-04"./4C%&:&)=&D<(!!!

!

!

?&

!&

;&

@&



! "#

Gigaspora $%%&!gigantea!

!

!

'()*+$(!%*+,$-$(!./-.0.-1$2,3/43!3/!32!(132*5!(1672*6*($(!$!+$+$,3/43!32.)(*.-3(!-3!#89:;<<!

!,5!=*/!2$!(1)3+%.=.3!2.($5!-3!=*2*+!03+-3!)>2.-*!=1$/-*!?@03/3(!$!03+-3!$,$+.223/4*!=1$/-*!

,$-1+$(&! A+3(3/4$! -*(! )$+3-3(! BCD! E! CFG&! CDH! 1/.4$+.$! $,$+.22*! =2$+*! -3! D&9! ! ! !,! E! CF!

2$,./$-$!$,$+.22*!+*?.I*!-3!D9!!,5!32!=*/43/.-*!-3!2$!3()*+$!3(!2.)J-.=*5!72*612$+&!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!"#$%& '()(&Gigaspora *++(& gigantea !,& -./%0*& .1234%2%.*&5%.60*"7%& 4*& 89+*& :;,<& =& 4*&

/*0#7&:>),&?@$A&B,&-./%0*&0%6*&5%.60*"7%&4*&89+*&.1.6#"6%0*&:;,&=&4*.&7%.&/*0#7#.&:>?&=&

>),&'@$(&B*00*&C&D@&!5(&

!

!

!

!

!

!

!

!

;&

>&?&

>&)&

;&

>&)&!& B&



! "#

!

Glomus $%%&!aggregatum 

!

'()*+$(!%*+,$-$(!./!.()*+*0$+)*(!1$2*(!./!.1!(3.1*!*!-./4+*!-.!+$50.(!61*7*($(8!(3761*7*($(!

*!+$+$,./4.!.19)(*9-.(8!$,$+911*!01$+*!03$/-*!:;<./.(!$!0$%=!01$+*!03$/-*!,$-3+$(!-.!>?@A??!!

!,8!3(3$1,./4.!0*/!3/$!B9%$!(3(4./4*+$!(9,)1.8!+.04$!*!03+<$&!C+.(./4$!4+.(!)$+.-.(!D!EA8!EF8!

EGH8!EA!B9$19/$!,3091$69/*($!3(3$1,./4.!$3(./4.!./!.()*+$(!,$-3+$(8!EF!B9$19/$!(.,9%1.2971.!

-.6+$-$-$!0*/!1$!.-$-8!EG!1$,9/$-$!0$%=!/$+$/:$&!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!"#$%&'()(&Glomus *++(&Aggregatum !,&-./%0*&12%3%.*&4%.50*"6%&2*&78+*&9:0;#*6*&<=,&>&

2*.&/*0#6#.& & <?@&>&?),A&B,&-./%0*&4*6:0*&4%.50*"6%& 2*&78+*& 281#0*4#"5#& 9%".50#C86*&&

<=,&'D$(&&B*00*&E&)D&!4(&&&&&&&&&

!

!

!

!

!

!

!

!

!
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!

Scutellospora sp 

!

$%&'()%!*'(+),)%!-.,-/-,0)1+2.32!2.!21!%021'4!,2!!!+4!5'.!1)!%0&2(*-5-2!1-%)4!,2!5'1'(!)+)(-11'!

51)('!50).,'!67/2.2%!)!.)().6)!('6-8'!5'.!(2)53-/'!,2!92182(:!;2!'<%2(/)!0.)!&)(2,!=>?:!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!"#$%&'('( Scutellospora )* !+&,)*%-.&/0%1%).&234$+5&6+&,)*%-.&-%7.&8%)7-."9%&0.&:;<.&

)=)7#"7%-.&2>+&?& 0.&*.-#9&2@+&234$+5&A+&!B#-B.8;#"7%&9#& 0.&#)*%-.&?& 0.&:;<.&)=)7#"7%-.&

2>+&2'4$+(&

&

&

&

&

&

&

6&!&

A&

>&

>&

@&



! "#

Dark septated fungi (DSF) 

$%&! '%&(%)! *&+,-./%)! +*! 01! 2134! )*5/1+%)! 6! %7)892%)! +*&%:.&1+%)!;$<=! $9!:%2-%0%(31! &%!

8%22*)5%&+*! 1! 01! /35.81! +*! 0%)! '%&(%)! :.8%2234.8%)=! $*! '1! %7)*2>1+%! ?9*! *&! +*/*2:.&1+1)!

8%&+.8.%&*)@!*)/%)!'%&(%)!59*+*&!00*(12!1!)*2!:96!179&+1&/*)!6!&%!%2.(.&12!+1A%!1512*&/*!1!

01)! 2138*)! BC.201&+1! et al=@! DEEDF!C2G&.&(! et al=@! DEEHF!I++6! et al=@! DEEEJ=! K)/%)! *&+,-./%)!

89*&/1&! 8%&! &.>*0*)! *0*>1+%)! +*! :*01&.&1! 6! 8%&! 9&1! 52%+988.,&! 5%/*&8.10! +*! :*/17%0./%)!

)*89&+12.%)! /,L.8%)! %! .&'.7.+%2*)! 5121! '*273>%2%)! BM1&+61:! 6! N9:55%&*&@! DEEOJ=! $*! '1&!

2*5%2/1+%! :P)! +*! #EE! *)5*8.*)! +*! '%&(%)! ?9*! 2*52*)*&/1&! 1! HEE! -1:.0.1)! 6! :P)! +*! QDE!

(R&*2%)=!K&/2*!*00%)!'16!)152%7.%)@!51/,(*&%)!6!:.8%22.41)=!$9!801).-.818.,&!*)!.&8.*2/1!+*7.+%!

1!?9*!9&!)%0%!/1L,&!>1231!(21&+*:*&/*!BI2.!6!S2155*@!DEEHJ=!

!

!"#$%&'()(&*+,-./,.-0+&1#&20-3&4#5,#1&6."78&!9&:8;0+<&=9& 8"8/8%&1#>&1#+0--%>>%&1#&."0&

?@-.>0&1#",-%&1#&."0& /A>.>0<&B9& /A>.>0+& /%"&?@-.>0+&C& /%"#$8%"#+&:8;0>#+<& C&29& ,#D81%&

+0"%&/%"&:8;0+&C&?@-.>0+(&

&

&

!9& =9&

B9& 29&



! "#

!

Glomus intrarradices 

$%&'()'! *+'! ,&-.*%/)-! 0%&! 1%'*2+')'! *+3+! %'! )/3)*4'! 5&! 6&-&6,)-! )/23&'(2*2)-! 7)6)! &/!

8+'9+:!)6;<-*%/+-!0%&!-+'!/)!*+'&=2>'!*+'!/)!7/)'()!?!-%-!*)6;+8256)(+-:!/)-!821)-!0%&!-26,&'!

*+3+! 6&5&-! 5&! &=7)'-2>'@! 76+7)9)*2>'! ?! *+'&=2>'! *+'! /)! 7/)'()@! -%&/+! ?! +(6+-!

32*6++69)'2-3+-@! )5&3A-! 5&! 1%'*2+')6! *+3+! &-(6%*(%6)-! 6&76+5%*(2,)-! 5&;25+! )! 0%&! -+'!

*)7)*&-! 5&! 2'1&*()6! ?! 5&-)66+//)6! )/! 8+'9+:! ?! /)-! &-7+6)-! 0%&! -+'! '&()3&'(&! &-(6%*(%6)-!

6&76+5%*(2,)-B!

!

"#$%&!'()(!*+,-./,.-0+!1$!G. intrarradices!$#!/23.30+!+0#0+!1$!-045!1$!06.0/0,$!/7(!80++(!

9:;6$#$+!,&:010+!0!3&+!)!:$+$+!<&+,$-=&-$+!0!30!=#&/.30/=>#?!"@!7$+4/.30!A!+.!/&#$%=>#!

B=C03!1$#,-&!1$!/23.30+D!E@!B=C0+D!F@!0-GH+/.3&+D!A!I@!,$J=1&!+0#&!:&+,-0#1&!0-GH+/.3&+D!

7$+4/.30+!$!B=C0+(!

!

"@!
E@!

F@!
I@!



! ""

!

!

!

#$%&'!()*)!+',,%-./01$!2%!3!4'4.-!%$!5.4%,0.-!6%7%4.-!2%!.78./.4%!9Persea americana!:0--);!

/6)!<.==!9>',!>.,4%=!?!/'$!>-.$4.!/'5>-%4.;!/'$!%-!3!='-8@-%!2%-!=8%-')!

!

!

3AB!@','!4'4.-C!3DB!@','!='-8@-%C!DDB!=8%-'!=%/'!?C!:DB!5.4%,0.!=%/.)!

!

!
!

! 3D!EF!

DGEHI!

957!J7K

LDD;!

3MIAED! <IN#D!

:EOP#D!

<IN#D!

3#D#HED!

A#HHID! M#Q+ED!

OEHR#O#D!

M#Q+ED!

RMGED#D!

3A!SIM!

SH#FA#!

3A!957!

J7KL:D;!

3D!EF!

DGEHI!957!

J7KLDD;!

L! T)**!

!"###$!

T)*"!

!"###$!

T)UV!

#"###%!

T)"U!

!"###$!

T)"U!

!"###$!

T)"W!

!"###$!

"#$%!

!"###$!

T)"W!

!"###$!

3MIAED! ! L! "#%&!

!"###$!

T)UX!

!"###$!

T)*"!

!"###$!

T)*!

!"###$!

T)"Y!

!"###$!
"#%'!

!"###$!

T)"*!

!"###$!

<IN#D!

:EOP#D!

! ! L! T)*(!

!"###$!

T)"V!

!"###$!

T)*W!

!"###$!

T)"X!

!"###$!

"#%&!

!"###$!

T)XY!

!"###$!

<IN#D!

3#D#HED!

! ! ! L! T)*L!

!"###$!

T)W*!

#"##$&!

T)UV!

#"###'!

T)**!

!"###$!

T)*L!

!"###$!

A#HHID! ! ! ! ! L! T)*V!

!"###$!

T)"(!

!"###$!

"#%(!

!"###$!

"#%(!

!"###$!

M#Q+ED!

OEHR#O#D!

! ! ! ! ! L! T)*X!

!"###$!

T)"V!

!"###$!

T)*X!

!"###$!

M#Q+ED!

RMGED#D!

! ! ! ! ! ! L! "#%(!

!"###$!

T)XY!

!"###$!

3A!SIM!

SH#FA#!

! ! ! ! ! ! ! L! T)X"!

!"###$!


