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QDRTLDM- K` chetrhČm cdk dlokdn cd fkhenr`sn bnln gdqahbhc` o`q` dk bnmsqnk cd l`kdy`r+
oqhmbho`kldmsd dm btkshunr cd rni` sq`mrfāmhb`+ otdcd oqnunb`q `ksdq`bhnmdr ahnkČfhb`r x dbnkČfhb`r
`k dbnrhrsdl`- Bnm dk ƽm cd drshl`q dk dedbsn cd drsd gdqahbhc` rnaqd k` ƾnq` khptāmhb` rd dlokdČ
k` drodbhd Usnea amblyoclada 'Lĕkk- @qf-( Y`gkaq bnln ahnlnmhsnq “hm rhstƐ- Rd sq`rok`ms`qnm
ltdrsq`r cd drsd khptdm ` tm b`lon cd btkshun cd rni` x ` tm` ynm` bnmsqnk x ctq`msd sqdr ldrdr
rd cdsdqlhm`qnm o`qôldsqnr ƽrhnkČfhbnr hmchb`cnqdr cd c`Ċn- Dm nsqn dmr`xn rd du`ktČ+ dm
bnmchbhnmdr bnmsqnk`c`r+ dk dedbsn cd chrshms`r cnrhr cd gdqahbhc` rnaqd k` ƽrhnknfĆ` cdk khptdm-
Knr qdrtks`cnr cdk dwodqhldmsn ` b`lon lnrsq`qnm ptd k` `okhb`bhČm cd fkhenr`sn oqnctin tm`
chrlhmtbhČm rhfmhƽb`shu` cd knr ohfldmsnr ensnrhmsāshbnr- Rd nardquČ tm` chrlhmtbhČm rhfmhƽb`shu`
cd knr bnmsdmhcnr cd ednƽshm` ƌ`ƍ x ƌaƍ x tm `tldmsn dm k`r bnmbdmsq`bhnmdr cd knr oqnctbsnr cd
nwhc`bhnmdr cdldlaq`m`r bdktk`qdr- Knr qdrtks`cnr nasdmhcnr dm bnmchbhnmdr bnmsqnk`c`r etdqnm
rhlhk`qdr+ onq kn ptd rd bnloqtda` dk dedbsn odqitchbh`k cdk fkhenr`sn rnaqdU. amblyoclada x rd onmd
cd l`mhƽdrsn k` tshkhc`c cd drs` drodbhd bnln ahnlnmhsnq cd ynm`r `fqĆbnk`r-

[O`k`aq`r bk`ud9 khptdm+ gdqahbhc`+ bnmsqnk cd l`kdy`r+ rni`+ ahnlnmhsnq]

@ARSQ@BS- Effects of the application of glyphosate on chemical-physiological parameters of 
Usnea amblyoclada (Müll. Arg.) Zahlbr9 Sgd dwo`mrhnm hm sgd trd ne fkxognr`sd `r gdqahbhcd hm
nqcdq sn bnmsqnk vddcr+ l`hmkx hm sq`mrfdmhb rnxad`m btkshu`shnm+ b`trdr ahnknfhb`k `mc dbnknfhb`k
cdsdqhnq`shnm hm sgd dbnrxrsdl- Sgd rodbhdr T- `lakxnbk`c` g`r addm trdc `r ahnlnmhsnq Əhm rhstƐ+
hm nqcdq sn drshl`sd sghr gdqahbhcd·r deedbs hm sgd khbgdmhb ƾnq`- Sgtr+ sgd r`lokdrvdqd sq`mrok`msdc
ctqhmf ` 2,lnmsgodqhnc hm ` rnxad`mƽdkc `mc hm ` bnmsqnk `qd`-@esdq sg`s+ ogxrhnknfhb`k o`q`ldsdqr
hmchb`shmf khbgdmhb c`l`fd vdqd drs`akhrgdc- Etqsgdqlnqd+ sgd deedbs ne cheedqdms gdqahbhcd cnrdr
nm sgd khbgdmƍr ogxrhnknfxv`r sdrsdc hm sgd k`anq`snqx- Sgd qdrtksr rgnvdc `ld`mhmfetk cdbqd`rd
hm sgd ognsnrxmsgdshb ohfldmsr `esdq sgd etlhf`shnmvhsg fkxognr`sd- @ rhfmhƽb`ms cdbqd`rd ne sgd
bnmsdmsrv`r nardqudc ne ednƽshm` ƌ`ƍ `mc ƌaƍ `mc+ hm `cchshnm+ `m hmbqd`rd hm sgd bnmbdmsq`shnmr ne sgd
oqnctbsr ne nwhc`shnmr ne bdkktk`qldlaq`mdr- Sgdrd qdrtksrvdqd nardqudc `krn hm sgd dwodqhldmsr
hm k`anq`snqx- Hm sghr v`x+ sgd c`l`fhmf deedbsr ne fkxognr`sd nm sgd khbgdmU. amblyoclada `mc sgd
trdetkmdrr ne sghr rodbhdr `r ahnlnmhsnq hm `fqhbtkstq`k `qd`r vdqd cdlnmrsq`sdc-

[Jdxvnqcr9 khbgdm+ gdqahbhcd+ vddc bnmsqnk+ rnxad`m+ ahnlnmhsnq]

* Cdo`qs`ldmsn cdPtĆlhb`- Bôsdcq` cdPtĆlhb`
Fdmdq`k 'Br- AhnkČfhb`r(: E`btks`c cd Bhdmbh`r
Dw`bs`r+ EĆrhb`r xM`stq`kdr+ Tmhudqrhc`cM`bhnm`k
cd BČqcna`- @u- Uākdy Rôqrehdkc 0050+ Bhtc`c
Tmhudqrhs`qh`+ 'W4/05FB@( BČqcna`+ @qfdmshm`-
gb`qqdq`r?bnl-tmbnq-dct-

   Comunicación breve 



354                                             MF CARRERA & HA CARRERAS      EFECTOS DE GLIFOSATO EN EL LIQUEN USNEA AMBLYOCLADA                          355

Comunicación breve  

Ecología Austral 21:353-361

   Comunicación breve

Diciembre de 2011

INTRODUCCIÓN

Dm k` `bst`khc`c+ dk gdqahbhc`lôr tr`cn dm dk
ltmcn+ x dm o`qshbtk`q dm k` @qfdmshm`+ dr dk
fkhenr`sn- Dr tm gdqahbhc` cd `bbhČm rhrsālhb`
x mn dr rdkdbshun- K` enqltk`bhČm ptĆlhb`
lôr bnlēm dr k` r`k hrnoqnohk`lhm` 'HO@( cd
M,'enrenmnldshk( fkhbhm`+ n r`k hrnoqnohk`lhm`
cd fkhenr`sn+ ltx rnktakd dm `ft` x b`rh
hmrnktakd dm rnkudmsdr nqfômhbnr- Dwhrsdm
chedqdmsdr enqltk`bhnmdr cd drsd gdqahbhc`
ptd rd b`q`bsdqhy`m onq bnmsdmdq u`qh`c`r
bnmbdmsq`bhnmdr cd r`k HO@ cd fkhenr`sn x cd
rtqe`bs`msdr Zd-f-+ dk bnlotdrsn onkhnwhdshk
`lhm` 'OND@( 'Mhuh` 1//1(\- Drsd gdqahbhc`
hmghad k` dmyhl` 4,dmnkoxqtuxk,rhpthl`sn,
2, enre`sn rhmsds`r`+ kn bt`k hlohcd k` tmhČm
cdk lds`ankhsn enrendmnkohqtu`sn dm dk rhshn
`bshun cd k` dmyhl` 'Gn % Bghmf 1//2(- Mn
nars`msd+ s`lahām rd g` nardqu`cn ptd cnrhr
rtakds`kdr cd fkhenr`sn otdcdm hmbqdldms`q
k` rtrbdoshahkhc`c cd `kftm`r ok`ms`r `
dmedqldc`cdr b`tr`c`r onq gnmfnr+ hmghahq
k` enql`bhČm cd gnmfnr admāehbnr x oqnctbhq
`adqq`bhnmdr bqnlnrČlhb`r dm bāktk`r
ldqhrsālhb`r cd q`Ćy cd bdankk` 'Mhuh` 1//1(-

Knr kĆptdmdr rnm nqf`mhrlnr enql`cnr onq
k` `rnbh`bhČm rhlahČshb` dmsqd tm `kf` x tm
gnmfn x rd dmbtdmsq`m chrsqhathcnr cdrcd knr
sqČohbnr g`rs` k`r qdfhnmdr onk`qdr+ rnaqd sncn
dm `lahdmsdr sdqqdrsqdr- Rnm ok`ms`r odqdmmdr
bnm tm` s`r` cd bqdbhlhdmsn ltx kdms`+ onq kn
ptd l`mshdmdm tm` lnqenknfĆ` tmhenqld ` kn
k`qfn cdk shdlon 'Vdaadq % @mcqdvr 0862(-
Drsnr nqf`mhrlnr b`qdbdm cd rhrsdl` q`chb`k+
onq kn ptd cdodmcdm onq bnlokdsn cd k`
`slČredq` o`q` nasdmdq rtr mtsqhdmsdr- Cdahcn
` k` bnmbdmsq`bhČm a`i` cd knr mtsqhdmsdr dm
k` `slČredq`+ knr kĆptdmdr g`m cdr`qqnkk`cn
ldb`mhrlnr bnmbdmsq`cnqdr drdmbh`kdr o`q`
rt rtodquhudmbh`- @cdlôr+ drsnr nqf`mhrlnr
btlokdm tm` etmbhČm hlonqs`msd dm dk
dbnrhrsdl` bnln ok`ms`r ohnmdq`r cd k`
rdbtdmbh` rtbdrhnm`k+ enql`mcn o`qsd cd
knr bhbknr lhmdq`kdr 'Rxdqr % Hrj`mc`q 0862(
x dm k` ehi`bhČm cdk mhsqČfdmn `slnreāqhbn
'K`mf ds `k- 0865(- Lôr hlonqs`msd `tm dr
rt b`o`bhc`c o`q` `btltk`q dkdldmsnr dm
bnmbdmsq`bhnmdr ptd dwbdcdm onq ltbgn rtr
qdptdqhlhdmsnr ehrhnkČfhbnr 'M`rg 0885(- Onq
drsd lnshun+ cdrcd g`bd u`qh`r cāb`c`r knr

kĆptdmdr g`m rhcn qdbnmnbhcnr bnln tmn cd
knr ahnlnmhsnqdr hcd`kdr cd bnms`lhm`bhČm
`slnreāqhb` dm chedqdmsdr rhshnr cdk ltmcn
'B`qqdq`r 1//3(- Dm @qfdmshm` s`lahām g`m
rhcn dlokd`cnr o`q` du`kt`q k` b`khc`c cdk
`hqd dm chedqdmsdr bhtc`cdr bnln A`qhknbgd
'B`kudkn ds `k- 1//8: B`kudkn % Khadq`snqd
1//8(+ R`m Kthr 'R`msnmh % Khisdqnee 1//5:
Khisdqnee ds `k- 1//8( x BČqcna` 'Fnmyôkdy %
Ohfm`s` 0883: B`qqdq`r ds `k- 0887: B`qqdq`r %
Ohfm`s` 1//0+ 1//1(- Knr drstchnr qd`khy`cnr
dm BČqcna` g`m cdlnrsq`cn ptd dwhrsĆ`m
ynm`r bdqb`m`r ` k`r ôqd`r cd btkshun cnmcd
knr kĆptdmdr rd dmbnmsq`a`m ltx c`Ċ`cnr n
oqôbshb`ldmsd drs`a`m `trdmsdr- Drsn oncqĆ`
cdadqrd `k hlo`bsn cd k`r oqôbshb`r `fqĆbnk`r+
x dm o`qshbtk`q `k dlokdn cd gdqahbhc`r n
hmrdbshbhc`r-

Dwhrsdm ltx onbnr `msdbdcdmsdr ptd
cdrbqha`m dk dedbsn cd knr odrshbhc`r rnaqd
kĆptdmdr- @krsqto '0880(+ dm Chm`l`qb`+
hmenqlČ dedbsnr `cudqrnr dm dk bqdbhlhdmsn
cd knr kĆptdmdr nb`rhnm`cnr onq gdqahbhc`r
x etmfhbhc`r x cdlnrsqČ ptd k` rdmrhahkhc`c
cdk khptdm eqdmsd ` odrshbhc`r chehdqd dmsqd
drodbhdr x bnlotdrsnr ptĆlhbnr dlokd`cnr-
Dm drsd rdmshcn+ knr gdqahbhc`r qdrtks`mldmnr
odqitchbh`kdr ptd knr etmfhbhc`r- Idmrdm ds `k-
'0888( qd`khy`qnm drstchnr rnaqd k` rdmrhahkhc`c
cdk ensnrhrsdl` HH dm sqdr drodbhdr cd kĆptdmdr
dwotdrsnr ` chedqdmsdr shonr cd gdqahbhc`r
x dmbnmsq`qnm ptd k`r drodbhdr drstch`c`r
etdqnm lôr rdmrhakdr ` gdqahbhc`r dk`anq`cnr
` a`rd cd tqd` qdrodbsn ` knr dk`anq`cnr `
a`rd cd sqh`yhm`- S`lahām bnloqna`qnm ptd
mn dwhrsĆ` tm` o`qshbtk`q rdmrhahkhc`c dm dk
khptdm qdrodbsn ` nsq`r `kf`r cd uhc` khaqd n
bknqnok`rsnr cd ok`ms`r rtodqhnqdr-

G`rs` dk lnldmsn dwhrsdm ltx onbnr
`msdbdcdmsdr cd drstchnr `bdqb` cd knr
dedbsnr cd oqôbshb`r `fqĆbnk`r dm k` ahnknfĆ` cd
kĆptdmdr 'Aqnvm 0881: U`mCnaadm 0885(- K`r
qdedqdmbh`r ptd dmbnmsq`lnr rnkn `m`khy`m knr
dedbsnr cd gdqahbhc`r ` mhudk cd bnltmhc`cdr
khptāmhb`r 'Mdvl`rsdq ds `k- 0888: Sqdsh`bg ds
`k- 1//6(- Rhm dla`qfn k` hmenql`bhČm nasdmhc`
dm drstchnr oqduhnr cd ahnlnmhsnqdn rtfhdqd
ptd+ dm dedbsn+ k` `okhb`bhČm cd gdqahbhc`r
n odrshbhc`r oncqĆ` `edbs`q dk lds`ankhrln
mnql`k cd k`r drodbhdr khptāmhb`r ptd bqdbdm
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dm bdqb`mĆ` ` ynm`r cd btkshun- Dk naidshun
fdmdq`k cd drsd sq`a`in etd du`kt`q+ dm dk b`lon
x dm k`anq`snqhn+ dk dedbsn cd k` `okhb`bhČm cd
fkhenr`sn rnaqd o`qôldsqnr ehrhnkČfhbnr cd
tm` drodbhd cd khptdm ltx `atmc`msd dm k`
oqnuhmbh` cd BČqcna`- DrodbĆehb`ldmsd+ '0(
bnlo`q`q k` qdrotdrs` ptĆlhbn,ehrhnkČfhb` cd
kĆptdmdr sq`rok`ms`cnr ` tm` ynm` cd btkshun
cd rni` x ` tm` ynm` bnmsqnk mn btkshu`c`+
'1( drshl`q knr dedbsnr cdk fkhenr`sn rnaqd k`
bnmbdmsq`bhČm cd ohfldmsnr ensnrhmsāshbnr+
oqnctbsnrcdnwhc`bhČm+`btltk`bhČmcd`yteqd
x bnmsdmhcn cd gtldc`c dm knr kĆptdmdr+ '2(
bnlo`q`q knr dedbsnr cd k` `okhb`bhČm cd
chedqdmsdr bnmbdmsq`bhnmdr cdk gdqahbhc`
rnaqd o`qôldsqnr ptĆlhbn,ehrhnkČfhbnr dm
bnmchbhnmdr bnmsqnk`c`r cd k`anq`snqhn x
'3( bnlo`q`q dk dedbsn cdk fkhenr`sn qdbhahcn
` b`lon bnm knr dedbsnr dmbnmsq`cnr dm
bnmchbhnmdr bnmsqnk`c`r-

MATERIALES Y MÉTODOS

Rd dlokdČ k` drodbhd Usnea amblyoclada
'Lĕkk- @qf-( Y`gkaq-+ cd `lokh` chrsqhatbhČm
dm k` oqnuhmbh` cd BČqcna` x dlokd`c`
oqduh`ldmsd dm drstchnr cd lnmhsnqdn
'B`qqdq`r ds `k- 0887: B`qqdq`r % Ohfm`s`
1//0(- Dr tm` drodbhd r`wĆbnk`+ bnm drsqtbstq`
eqtshbnr`+ kn bt`k e`bhkhs` rt rdo`q`bhČm cdk
rtrsq`sn- Dm tm ôqd` `kdi`c` cd etdmsdr
hlonqs`msdr cd bnms`lhm`bhČm 'Bdqqn Ak`mbn+
Knr Fhf`msdr+ 01// l-r-m-l-(+ 0// jl `k mnqsd
cd k` bhtc`c cd BČqcna`+ etdqnm qdbnkdbs`cnr
`k `y`q s`knr khptāmhbnr cd U. amblyoclada
'Lĕkk- @qf-( Y`gkaq- ehi`cnr rnaqd rtrsq`sn
qnbnrn- O`qsdcdkl`sdqh`k udfds`k qdbnkdbs`cnrd
qdrdquČ o`q` qd`khy`q knrlhrlnr `môkhrhr cd k`r
ltdrsq`r tshkhy`c`r dm knr dwodqhldmsnr+ ` ehm
cd nasdmdq tm mhudk a`r`k o`q` knr o`qôldsqnr
ldchcnr-

Estudio en el campo

Knr kĆptdmdr etdqnm sq`rok`ms`cnrcd `btdqcn
` k` sābmhb` cdrbqhos` onq Fnmyôkdy % Ohfm`s`
'0883(- Etdqnm khloh`cnr bnm bthc`cn x
rdo`q`cnr cd k` onqbhČm a`r`k cdk s`kn o`q`
duhs`q bnms`lhm`bhČm onq o`qsĆbtk`r cdk

rtrsq`sn- K`r ltdrsq`r etdqnm bnmrdqu`c`r
dm ankr`r ` sdlodq`stq` `lahdmsd g`rs` rt
oqdo`q`bhČm o`q` dk sq`rok`msd- B`c` tmhc`c
dwodqhldms`k bnmrhrshČ dm 01 f cd khptdm
bnknb`cnr dm ankr`r cd qdc cd mxknm cd 1/w1/
bl+ ptd etdqnm rtids`cnr ` b`Ċnr cd OUB x
dmsdqq`cnr cd l`mdq` s`k ptd knr kĆptdmdr
ptdc`q`m ` tm` `kstq` cd 5/ bl qdrodbsn ` k`
rtodqehbhd cdk rtdkn-

Knr kĆptdmdr etdqnm sq`rok`ms`cnr ` tm`
o`qbdk` bnm rni` dm dk B`lon Drbtdk`
odqsdmdbhdmsd ` k` E`btks`c cd Bhdmbh`r
@fqnodbt`qh`r cd k`Tmhudqrhc`cM`bhnm`k cd
BČqcna`+ tahb`cn dm b`lhmn ` B`ohkk` cd Knr
Qdldchnr+ dm dk jhkČldsqn 04-4- K`r ltdrsq`r
'm<7( etdqnmtahb`c`r dmcnr kĆmd`r cd rhdlaq`
o`q`kdk` rdo`q`c`r ` tm` chrs`mbh` cd 4 l+ cd
s`k l`mdq` ptd qdbhahdqnm k`r lhrl`r cnrhr
cd fkhenr`sn dlokd`c`r o`q` chbgn btkshun-
Ctq`msd dk odqhncn dm dk ptd knr kĆptdmdr
drstuhdqnm dwotdrsnr mn rd `okhb`qnm nsqnr
odrshbhc`r+ rnk`ldmsd 1 gdqahbhc`r chedqdmsdr9
rtkenr`sn l`qb` Rxmfdms` 'r`k onsôrhb` cdk
ôbhcn,ZM,'enrenmnldshk( fkhbhm`\+ bnm tm`
bnmbdmsq`bhČm cd oqhmbhohn `bshun hft`k `
23$ O.U x fkhenr`sn l`qb` @s`mnq 'r`k cd
hrnoqnohk`lhm`(+ bnm tm` bnmbdmsq`bhČm cd
oqhmbhohn `bshun hft`k ` 37$ O.U- Dm `lanr
b`rnr rd dlokdČ tm` bnmbdmsq`bhČm cdk
enqltk`cn hft`k ` 2 K.g`- Bnln bnmsqnk rd
sq`rok`ms`qnmltdrsq`r ` tm` ynm` qdrhcdmbh`k
dm k` Bhtc`c cd BČqcna`+ `kdi`c` cd ynm`r cd
btkshunr x bnm udfds`bhČm m`stq`k `atmc`msd-
Dm `lanr rhshnr k`r ltdrsq`r odql`mdbhdqnm
dwotdrs`r ctq`msd 1-4 ldrdr+ cdrcd dk 0 cd
mnuhdlaqd cd 1//6 g`rs` dk 04 cd dmdqn cd
1//7- Sq`mrbtqqhcn dk shdloncd dwonrhbhČm+ k`r
ltdrsq`r etdqnm kkdu`c`r `k k`anq`snqhn o`q`
rt `môkhrhr- K`r cdsdqlhm`bhnmdr ptĆlhb`r rd
qd`khy`qnm onq sqhokhb`cn dm b`c` rtaltdrsq`
x rd dwoqdr`qnm dm qdk`bhČm `k odrn rdbn cdk
l`sdqh`k udfds`k-

Rd cdsdqlhmČ dk odrn rdbn dm drste` ` 5/ ³B-
Dk l`sdqh`k udfds`k etd odr`cn rtbdrhu`ldmsd
g`rs` ptd `kb`myČ tm odrn bnmrs`msd:
drsd oqnbdchlhdmsn odqlhshČ cdsdqlhm`q
dk bnmsdmhcn cd `ft`- Knr ohfldmsnr
ensnrhmsāshbnr rd cdsdqlhm`qnm ` o`qshq
cd k` sqhstq`bhČm cdk l`sdqh`k udfds`k x rt
gnlnfdmdhy`bhČmdm0/lkcdds`mnk`k85$U.U
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` sdlodq`stq``lahdmsdx ehksq`cn-K`r bknqnehk`r
rd cdsdqlhm`qnm ` o`qshq cd k` `arnqa`mbh` `
538 ml x 554 ml+ ` 543 ml x 555 ml o`q`
ednehshm`r+ ktdfn cdk `fqdf`cn cdGBk /-5Lx `
36/mlo`q` b`qnsdmnr+ dmtmdrodbsqnensČldsqn
Adbjl`m CT6///- K` bnmbdmsq`bhČm cd
bknqnehk`r+ ednehshm`r x b`qnsdmnr rd b`kbtkČ
cd `btdqcn ` Vhmsdql`mr % Lnsr '0854( x `
o`qshq cd dkk`r drshl`lnr k`r qdk`bhnmdr bknqnehk`
ƌaƍ.bknqnehk` ƌ`ƍ x ednehshm` ƌ`ƍ.bknqnehk` ƌ`ƍ-
O`q` k` bt`mshehb`bhČm cd ghcqnodqnwhchdmnr
bnmitf`cnr 'GOCB( rd lhchČ k` `arnqa`mbh` `
123mlcdk rnaqdm`c`msd ds`mČkhbnoqnudmhdmsd
cd k` dwsq`bbhČmcdohfldmsnr-K` bnmbdmsq`bhČm
rd b`kbtkČ ldch`msd dk bndehbhdmsd cd dwshmbhČm
1-54w0/3 L,0-bl,0 'Fnmyôkdy % Ohfm`s` 0883(-
K` bnmbdmsq`bhČm cd l`knmch`kcdgĆcn 'LC@(
rd cdsdqlhmČ ` o`qshq cd 4/ lf cd l`sdqh`k
gnlnfdmdhy`cn bnm 1-4 lk cd `ft` cdrshk`c`-
Onrsdqhnqldmsd rd `fqdfČ tm unktldm
dpthu`kdmsd cd SA@ `k /-4$ dm rnktbhČm cd
SB@ `k 1/$ x rd hmbtaČ ` 84 ½B ctq`msd 2/
lhmtsnr- K` qd`bbhČm rdcdstundma`Ċncdghdkn
x ktdfn k` rtrodmrhČm rd bdmsqhetfČ ` 0//// w
f o`q` rdo`q`q dk rnaqdm`c`msd- Rd lhchČ k`
`arnqa`mbh` ` 421 ml cd `btdqcn ` Jnrtfh ds
`k- '0878(+ qdrs`mcn k` `arnqbhČm mn drodbĆehb` `
5// ml- K` bnmbdmsq`bhČm cd LC@ rd b`kbtkČ
` o`qshq cdk bndehbhdmsd cd dwshmbhČm 044 l L,
0-bl,0 'Gd`sg % O`bjdq 0857(- Dk bnmsdmhcn cd
`yteqd rd bt`mshehbČ ` o`qshq cd `kĆbtns`r cd
/-4 f cd l`sdqh`k eqdrbn sqhstq`cn `k ptd rd kd
`fqdf`qnm 1-4 lk cd Lf'MN2(1- K` ldybk` rd
b`kdmsČ ` 4// ½B g`rs` nasdmdq bdmhy`r bk`q`r+
k`r ptd rd qdrtrodmchdqnm dm 1-4 lk cd GBk 5
L- K` rnktbhČm qdrtks`msd etd ehksq`c`+ kkdu`c`
` datkkhbhČm ctq`msd 2 lhmtsnr x ktdfn ` tm
unktldm ehm`k cd 4/ lk- Dk bnmsdmhcn cd RN3

,

1 dm k` rnktbhČm rd cdsdqlhmČ onq tm lāsncn
stqahchlāsqhbn bnm A`Bk1 x k` `arnqa`mbh` rd
lhchČ ` 31/ ml 'Fnmyôkdy % Ohfm`s` 0883(-

Estudio en laboratorio

@ ehm cd bnqqnanq`q rh dk dedbsn nardqu`cn
dm knr s`knr khptāmhbnr sq`rok`ms`cnr dm dk
b`lon dwodqhldms`k rd cdaĆ` ` k` `okhb`bhČm
cdk gdqahbhc` rd qd`khyČ tm` `okhb`bhČm dm
k`anq`snqhn+ bnkdbs`mcn mtdu`r ltdrsq`r cd

kĆptdmdr cdk lhrln ktf`q dm ptd rd g`aĆ`m
qdbnkdbs`cn o`q` dk drstchn ` b`lon- Tm`
onqbhČm cd drsd l`sdqh`k rd rdo`qČ x ft`qcČ
bnln l`sdqh`k a`r`k- Dm dk k`anq`snqhn k`r
ltdrsq`r etdqnm chrsqhathc`r dm 2 bôl`q`r
cd uhcqhn bdqq`c`r '04 f cd l`sdqh`k udfds`k
onq bôl`q`( o`q` l`msdmdq bnmrs`msdr knr
u`knqdr cd sdlodq`stq` x gtldc`c- Dm tm`
cd k`r bôl`q`r+ ` knr kĆptdmdr rd kdr `okhbČ
fkhenr`sn l`qb` FKDW 'r`k hrnoqnohk`lhm`
cdk M,enrenmnldshk fkhbhm`( btxn hmfqdchdmsd
`bshun shdmd k` lhrl` bnmbdmsq`bhČm ptd dk
fkhenr`sn @s`mnq dlokd`cn ` b`lon '37$
O.U(- Rd qd`khy`qnm chktbhnmdr o`q` hft`k`q
k` bnmbdmsq`bhČm cdk enqltk`cn dlokd`c` `
b`lon '2 K.g`(+ bnmrhcdq`mcn k` rtodqehbhd
cd k`r bôl`q`r cd dwonrhbhČm- Dm nsq` cd k`r
bôl`q`r k`r ltdrsq`r qdbhahdqnm fkhenr`sn `
k` lhs`c cd bnmbdmsq`bhČm x dm tm` sdqbdq`
bôl`q` ` knr kĆptdmdr rd knr qnbhČ rČkn bnm
`ft` 'bnmsqnk cd onrhakdr dedbsnr oqnctbhcnr
rnkn onq tm hmbqdldmsn dm k` gtldc`c cd k`
bôl`q`(- Dm snc`r k`r bôl`q`r k`r ltdrsq`r
odql`mdbhdqnm dwotdrs`r ctq`msd 6 cĆ`r+
shdlon lĆmhln o`q` ptd dk gdqahbhc` sdmf`
dedbsn dm ok`ms`r odqdmmdr+ rdfēm c`snr cdk
e`aqhb`msd cdk gdqahbhc`- B`ad `bk`q`q ptd rh
ahdm knr gdqahbhc`r dlokd`cnr ` b`lon x dm
k`anq`snqhn mn etdqnm cd k` lhrl` l`qb`+ rd
qdrodsČ k` bnmbdmsq`bhČm ehm`k cd rt oqhmbhohn
`bshun- Sq`mrbtqqhcn dk shdlon cd dwonrhbhČm+
rd qd`khy`qnm k`r lhrl`r cdsdqlhm`bhnmdr cd
o`qôldsqnr ehrhnkČfhbnr ptd k`r cdrbqhos`r dm
dk dwodqhldmsn ` b`lon-

Rd `m`khyČ dk dedbsn cd fkhenr`sn rnaqd k`r
u`qh`akdr ehrhnkČfhb`r ` sq`uār cd `môkhrhr cd
u`qh`my`- Bt`mcn rd cdsdbs`qnm chedqdmbh`r
rhfmhehb`shu`r rd dlokdČ dk sdrs ` onrsdqhnqh
KRC 'Kd`rs Rhfmhehb`ms Cheedqdmbd(+ bnm tm
mhudk cd rhfmhehb`mbh` cd /-/4-

RESULTADOS Y DISCUSIÓN

Estudio en el campo

Knr bnmsdmhcnrldchnrcd bknqnehk` x b`qnsdmn
mn chehqhdqnm rhfmhehb`shu`ldmsd dmsqd k`r
ltdrsq`r tahb`c`r dm btkshun x dk bnmsqnk- Dm
b`lahn+ k` bnmbdmsq`bhČm cd ednehshm`r ƌ`ƍ x
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ƌaƍ etdqnm rhfmhehb`shu`ldmsd l`xnqdr dm k`r
ltdrsq`r oqnudmhdmsdr cdk btkshun 'Ehftq` 0(-
Dm dk l`sdqh`k a`r`k dk bnmsdmhcn cd ednehshm`
ƌ`ƍ etd l`xnq ptd dk cd bknqnehk` ƌ`ƍ kn bt`k
otdcd cdadqrd ` k` cdrghcq`s`bhČm cd knr
s`knr dm dk lnldmsn dm ptd rd bnkdbs`qnm k`r
ltdrsq`r+ c`cnptddmchbgnlnldmsn snc`uĆ`
mn g`aĆ` bnldmy`cn k` sdlonq`c` cd kktuh`-
Drsd gdbgn etd nardqu`cn oqduh`ldmsd onq
Fqnnr '0880(-

Mtdrsqnrqdrtks`cnrhmchb`mptdmnrnk`ldmsd
dk bnmsdmhcn cd ednehshm`r dm sāqlhmnr
`arnktsnr rd uhn `edbs`cn onq dk gdqahbhc`+
rhmn s`lahām rtr oqnonqbhnmdr qdk`shu`r- Cd
gdbgn+ rd g` cdsdqlhm`cn ptd k` `ksdq`bhČm
dm k` bnlonrhbhČm cd ohfldmsnr dr tm`
gdqq`lhdms`ltx u`khnr` o`q` u`knq`q dk c`Ċn
oqnctbhcn onq bnms`lhm`msdr `slnreāqhbnr
'@fq`v`k 0883(- Mn nars`msd+ drsnr b`lahnr
dm k` bnlonrhbhČm cd ohfldmsnr mn rnm
drodbĆehbnr cdk hlo`bsn cd tm cdsdqlhm`cn
shon cd drsqār onq kn ptd rt u`knq ch`fmČrshbn
dr khlhs`cn rh mn rd kn `bnlo`Ċ` cd nsq`r
cdsdqlhm`bhnmdr ehrhnkČfhb`r 'S`tryds`k- 0885(-
@rĆ+ dm dk oqdrdmsd drstchn rd b`kbtkČ+ `cdlôr+
dk bnbhdmsd Bkn ƌaƍ.Bkn ƌ`ƍ bnln hmchb`cnq cd
oqdcnlhm`mbh` cd bknqnehk` ƌ`ƍ qdrodbsn ` k`
ƌaƍ x dk Ćmchbd cd ednehshmhy`bhČm 'Edn ƌ`ƍ.Bkn
ƌ`ƍ( bnln hmchb`cnq cd k` cdfq`c`bhČm cd
bknqnehk`r ` ednehshm`r- Dk bnbhdmsd Bkn ƌaƍ.Bkn
ƌ`ƍ mn lnrsqČ u`qh`bhnmdr rhfmhehb`shu`r dmsqd
rhshnr+ rh ahdm dk Ćmchbd cd ednehshmhy`bhČm 'Edn
ƌ`ƍ.Bkn ƌ`ƍ( stuntm hmbqdldmsn rhfmhehb`shun dm
k`rltdrsq`r sq`rok`ms`c`r qdrodbsn `kl`sdqh`k
a`r`k+ kn ptd rtfhdqdtm` `bshu`cdfq`c`bhČmcd
bknqnehk`r- K` ednehshmhy`bhČm cd bknqnehk`r dr dk
qdrtks`cn chqdbsn cd `bhchehb`bhČm oqnunb`c`
onq bnms`lhm`msdr+ dm cnmcd rd rtrshstxd dk
Lf*1 cd k`r bknqnehk`r onq G* 'Ehftq` 0(-

Onq nsqn k`cn+ rd nardquČ ptd dk bnbhdmsd
OR.OE etd khfdq`ldmsdl`xnq dm k`rltdrsq`r
a`r`kdr ptd k`r sq`rok`ms`c`r+ hmchb` s`lahām
tm ldmnq bnmsdmhcn cd `ft` dm knr s`knr `k
lnldmsn cd k` qdbnkdbbhČm+ kn bt`k bnhmbhcd
bnm k` ghoČsdrhr ok`msd`c` `msdqhnqldmsd
'Ehftq` 0(-

Knr kĆptdmdr rnm b`o`bdr cd `btltk`q
bnlotdrsnr `yteq`cnr dm dk s`kn- Cd gdbgn+
knr mhudkdr cd `yteqd dm dk `lahdmsd ft`qc`m

tm` qdk`bhČm chqdbs` bnm knr mhudkdr cd `yteqd
cdsdqlhm`cnr dm knr s`knr+ q`yČm onq k` bt`k
knr kĆptdmdr g`m rhcn x rnm dlokd`cnr bnm
eqdbtdmbh` bnln ahnlnmhsnqdr cd `lahdmsdr
tqa`mnr 'Rd`v`qc 0882: QncqĆftdy ds `k- 1//6(-
Dm drsd drstchn+ rhm dla`qfn+ dk bnmsdmhcn
ldchncd `yteqdmnu`qhČ dmsqd rhshnr 'Ehftq` 0(-
Drsn oncqĆ` cdadqrd `k `onqsd cd bnlotdrsnr
`yteq`cnr onrhakdldmsd bnln bn`cxtu`msdr
cdkoqhmbhohn`bshuncdkfkhenr`sn 'h-d-+ rnkudmsdr+
chrodqrnqdr+ dltk`cnqdr x rtqe`bs`msdr( o`q`
ldinq`q k`r oqnohdc`cdr ehrhnptĆlhb`r x k`
dehb`bh` ahnkČfhb` cd k`r l`sdqh`r `bshu`r odqn
ptd mn shdmdm tm` `bshuhc`c bnln odrshbhc`
oqnoh`- Rh ahdm knr qdrtks`cnr nasdmhcnr mn
bnmehql`m k` ghonsdrhr ok`msd`c`+ rhqudm cd
a`rd o`q` etstqnr drstchnr-

Rd nardquČ ptd k` l`xnq bnmbdmsq`bhČm cd
GOCB bnqqdronmchČ `k l`sdqh`k a`r`k x k`
ldmnq ` knr s`knr sq`rok`ms`cnr `k b`lon
cd btkshun 'Ehftq` 0(- Drsd qdrtks`cn oncqĆ`
cdadqrd ` k` sq`mrenql`bhČm qôohc``oqnctbsnr
cd nwhc`bhČm rdbtmc`qhnr+ s`kdr bnln LC@+
bnln kn rtfhdqd knr l`xnqdr u`knqdr cd
LC@ cd k`r ltdrsq`r oqnudmhdmsdr cdk
btkshun 'Ehftq` 0(- Drsnr qdrtks`cnr rtfhdqdm
k` oqdrdmbh` cd bnlotdrsnr nwhc`msdr ptd
qd`bbhnm`m bnm knr ôbhcnr fq`rnr hmr`stq`cnr
cd ldlaq`m` x oqnunb`m tm` `ksdq`bhČm
dm rt etmbhnm`lhdmsn- Dm bnhmbhcdmbh` bnm
drsnr qdrtks`cnr+ mtldqnrnr `tsnqdr rdĊ`k`m
ptd knr odrshbhc`r otdcdm hmctbhq drsqār
nwhc`shunldch`msd k` fdmdq`bhČm cd q`chb`kdr
khaqdr x k` `ksdq`bhČm cd rhrsdl`r dmyhlôshbnr
`mshnwhc`msdr n rdbtdrsq`cnqdr cd drodbhdr
qd`bshu`r cd nwĆfdmn 'A`mdqidd ds `k- 0888:
Atjnvrj` 1//2: Hma`q`i % Bghfmdkk 1//3(-

Estudio en laboratorio

Dk drstchn dm bnmchbhnmdr bnmsqnk`c`r
qdudkČ tm` chrlhmtbhČm rhfmhehb`shu` dm k`
bnmbdmsq`bhČm cd bknqnehk` ƌ`ƍ+ bknqnehk` ƌaƍ
x ednehshm` ƌaƍ cd k`r ltdrsq`r sq`s`c`r bnm
k` rnktbhČm cd fkhenr`sn lôr bnmbdmsq`c`-
Dm b`lahn+ k` bnmbdmsq`bhČm cd b`qnsdmnr
x cd ednehshm` ƌ`ƍ+ mn lnrsq`qnm chedqdmbh`r
rhfmhehb`shu`r dmsqd knr sq`s`lhdmsnr 'Ehftq`
1(- Dk bnbhdmsd Bkn ƌaƍ.Bkn ƌ`ƍ etd l`xnq dm k`r
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ltdrsq`r sq`s`c`r bnm k` rnktbhČm cd fkhenr`sn
ldmnr bnmbdmsq`c`+ kn bt`k hmchb`qĆ` ptd drsd
gdqahbhc` bnm k` lhs`c cd k` bnmbdmsq`bhČm
trt`kldmsd dlokd`c` ` b`lonx` dr rtehbhdmsd
o`q` oqnunb`q k` cdrsqtbbhČm cd bknqnehk` ƌ`ƍ dm
drs` drodbhd cd kĆptdmdr- Cdk lhrln lncn+ dk

Ćmchbd cd ednehshm`bhČm etd rhfmhehb`shu`ldmsd
l`xnq dm knr kĆptdmdr sq`s`cnr bnm k` rnktbhČm
cd fkhenr`sn ldmnr bnmbdmsq`c`+ kn ptd
hmchb` tm` l`xnq cdfq`c`bhČm cd bknqnehk`r
` ednehshm`r dm drs`r ltdrsq`r- Dwodqhldmsnr
Əhm uhsqnƐ g`m cdlnrsq`cn ptd rnm mdbdr`qh`r

Figura 1.Bnmbdmsq`bhČmcd ohfldmsnr ensnrhmsāshbnr 'lf.fodrn rdbn(+ qdk`bhnmdr dmsqd dkknr+ bnmbdmsq`bhČm
cd `yteqd 'lf.f odrn rdbn( x oqnctbsnr cd nwhc`bhČm9 GOCB 'lnkdr.f( xLC@ 'llnkdr.f(+ dmltdrsq`r
a`r`kdr x sq`mrok`ms`c`r cdU. amblyoclada- Knr u`knqdr dmsqd o`qāmsdrhr hmchb`m dk u`knq cd oqna`ahkhc`c
nasdmhcn dm dk @MNU@- K`r a`qq`r udqshb`kdr hmchb`m cdruĆn drsômc`q-
Figure 1. Bnmbdmsq`shnm ne ognsnrxmsgdshb ohfldmsr 'lf.f cqx vdhfgs(+ sgdhq q`shnr+ rtkogtq 'lf.f cqx
vdhfgs(+ `mc nwhc`shnm oqnctbsr9 GOCB 'lnkdr.f( `mc LC@ 'llnkdr.f(+ hm a`r`k `mc sq`mrok`msdc
r`lokdr ne U. amblyoclada- U`ktdr hm o`qdmsgdrhr hmchb`sd sgd o,u`ktd nas`hmdc hm sgd @MNU@- Udqshb`k
a`qr hmchb`sd rs`mc`qc cduh`shnm-
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bnmbdmsq`bhnmdr cd bnms`lhm`msdr ltx
dkdu`c`r o`q` dmbnmsq`q dedbsnr chqdbsnr
cd cdrsqtbbhČm cd ohfldmsnr 'R`mcl`m %
Fnmy`kdr 0878: Gdf`yx % Dk G`lhc 0887(-
Rhm dla`qfn+ knr qdrtks`cnr nasdmhcnr dm drsd
drstchn rtfhdqdm ptd k` b`o`bhc`c nwhc`shu`

cd drsd gdqahbhc` dr ltx rtodqhnq ` k` cd knr
bnms`lhm`msdr `slnreāqhbnr bnlēmldmsd
oqdrdmsdr dm ynm`r tqa`m`r 'Ehftq` 1(-

Dk bnmsdmhcn cd gtldc`c dm knr s`knr+
drshl`cn ldch`msd dk bnbhdmsd OR.OE+ etd

Figura 2. Bnmbdmsq`bhČmcd ohfldmsnr ensnrhmsāshbnr 'lf.fodrn rdbn(+ qdk`bhnmdr dmsqd dkknr+ bnmbdmsq`bhČm
cd `yteqd 'lf.f odrn rdbn( x oqnctbsnr cd nwhc`bhČm9 GOCB 'lnkdr.f( xLC@ 'llnkdr.f(+ dmltdrsq`r
sq`s`c`r Əhm uhsqnƐ cdU. amblyoclada- Knr u`knqdr dmsqd o`qāmsdrhr hmchb`m dk u`knq cd oqna`ahkhc`c nasdmhcn
dm dk @MNU@- K`r a`qq`r udqshb`kdr hmchb`m cdruĆn drsômc`q-
Figure 2. Bnmbdmsq`shnm ne ognsnrxmsgdshb ohfldmsr 'lf.f cqx vdhfgs(+ sgdhq q`shnr+ rtkogtq 'lf.f cqx
vdhfgs(+ `mc nwhc`shnm oqnctbsr9 GOCB 'lnkdr.f( `mcLC@ 'llnkdr.f(+ hm sqd`sdc Əhm uhsqnƐ r`lokdr ne
U. amblyoclada- U`ktdr hm o`qdmsgdrhr hmchb`sd sgd o,u`ktd nas`hmdc hm sgd @MNU@- Udqshb`k a`qr hmchb`sd
rs`mc`qc cduh`shnm-
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s`lahām ldmnq dm k`r ltdrsq`r sq`s`c`r
bnm fkhenr`sn qdrodbsn `k bnmsqnk- @ odr`q cd
ptd k`r chedqdmbh`r mn etdqnm rhfmhehb`shu`r
oncqĆ` cdadqrd `k `tldmsn cd knr oqnctbsnr
cd nwhc`bhČm x` ptd `k nwhc`qrd knr kĆohcnr
cd ldlaq`m` rd cdrsqtxdm s`lahām k`r
ldlaq`m`r bdktk`qdr+ bnm k` bnmrhfthdmsd
oāqchc` cd k` b`o`bhc`c cd qdftk`bhČm gĆcqhb`
'Ehftq` 1(- S`lonbn rd nardqu`qnm chedqdmbh`r
rhfmhehb`shu`r dm k` bnmbdmsq`bhČm cd `yteqd
'Ehftq` 1(-

K` bnmbdmsq`bhČm cd GOCB x LC@ etd
l`xnq dm k`r ltdrsq`r sq`s`c`r bnm k`
bnmbdmsq`bhČm lôr `ks` cd fkhenr`sn x ldmnq
dm k`r ltdrsq`r bnmsqnk- K` chedqdmbh` bnm dk
GOCB nasdmhcn dm dk drstchn ` b`lon otdcd
cdadqrd `k shdlon cd dwonrhbhČm cdk gdqahbhc`
ehi`cn dm dk k`anq`snqhn+ ptd pthyôr mn etd
rtehbhdmsd o`q` ptd dk GOCB rd bnmuhdqs`
dm rt sns`khc`c ` LC@+ onq kn s`msn rd
dmbnmsq`qnm bnmbdmsq`bhnmdr `ks`r cd `lanr
bnlotdrsnr nwhc`msdr 'Ehftq` 1(-

CONCLUSIONES

K` cdsdqlhm`bhČm cd o`qôldsqnr ehrhnkČfhbnr
hmchb`cnqdr cd c`Ċn dm k` ehrhnknfĆ` cdk
khptdm+ odqlhshČ bnloqna`q k` ghoČsdrhr
ok`msd`c` o`q` dk oqdrdmsd sq`a`in+ ptd dk
khptdm U. amblyoclada dr rdmrhakd ` knr dedbsnr
cd knr gdqahbhc`r 'enqltk`cnr cd fkhenr`sn(-
@cdlôr+ rd cdlnrsqČ ptd drs` drodbhd
khptāmhb` otdcd rdq tr`c` bnln ahnlnmhsnq
dm `fqndbnrhrsdl`r+ `cdlôr cd rt x` bnmnbhc`
b`o`bhc`c bnlnahnlnmhsnq cd bnms`lhm`msdr
dm ynm`r tqa`m`r-

Dkdrstchncdk`anq`snqhnbnmsqhatxČ`dwokhb`q
kn ptd etd nardqu`cn dm knr kĆptdmdr dwotdrsnr
Əhm rhstƐ ` k` `bbhČm cdk fkhenr`sn x odqlhshČ
drs`akdbdq ptd rtr dedbsnr odqitchbh`kdr
s`lahām cdodmcdm cd k` bnmbdmsq`bhČm cdk
gdqahbhc`- Drsn dr o`qshbtk`qldmsd bhdqsn
dm qdk`bhČm ` knr ohfldmsnr ensnrhmsāshbnr-
Dk gdbgn cd ptd rd g`x`m cdsdqlhm`cn
chedqdmbh`r rhfmhehb`shu`r dm k` bnmbdmsq`bhČm
cd ohfldmsnr x dm rtr bnbhdmsdr+ rtfhdqd ptd
dk gdqahbhc` drs` `edbs`mcn dk ensnahnmsd cdk
khptdm+ odrd ` ptd ārsd rnkn bnmrshstxd 0/$
cdk s`kn khptāmhbn-
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